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Only with the new LKB Horizontal В 
Unequalled flexibility ir 


READY-TO-USE GELS FOR MAXIMUM ULTRATHIN GELS FOR MAXIMUM 
CONVENIENCE ECONOMY 

All the owner of the LKB Horizontal Anticipating the need for less expensive 
Electrophoresis System needs to cover a wide electrofocusing gels, LKB developed the new 


range of electrofocusing applications isa supply ^ UltroMould: a simple device designed to cast 
ofthe popular and successful LKB Ampholine bubble-free gels as thin as 0.1mm in less than 30 
PAGplates. These allow the researcher toavoid ^ seconds. Based ona patented sliding plate 

the time and trouble involved in casting gelsin ^ method, UltroMould is easy to use, producing 
the laboratory, while guaranteeing both high perfectly accurate and uniform gels and 


resolution and excellent reproducibility. As ensuring a high standard of reproducibility. 
many as 96 samples can be separated Adding UltroMould to the LKB Horizontal 
simultaneously on a single PAGplate,enabling Electrophoresis System means that 

users with high workloads to spend their time significantly less gel solution and smaller 
screening samples instead of casting gels. sample volumes are required, resulting in far 
Eight phenotypes of a, -antitrypsin are clearly more economical electrofocusing. 

identified using one of the convenient LKB LKB UltroMould casts bubble-free ultrathin gels 
Ampholine PAGplates Y in only 30 seconds, making gel casting quicker, 





easier and more certain > 


THICK GELS FORMAXIMUM CAPACITY 
Original electrofocusing techniques used 
thicker gels, and even today you may still wish 
to work this way in order to achieve higher 
capacity. The LKB Horizontal Electrofocusing 
System lets you easily cast and run Ampholine 
gels up to 2 mm thick, allowing much greater 
sample volumes to be analyzed successfully. The 
2mm thick gels are also ideal if you are new to 
electrofocusing and are following a procedure 
described in the literature. 





ad Ed 24 mo | After the thick gel has be hesampl 
^ , xs eo ч er the thick ge en cast, the sample is 
іма im bis ж. 7 art ка m introduced with the help of the sample 
application foil >» 





This is one in a series of advertisements describing the 
unrivalled versatility ofthe LKB Horizontal 
Electrophoresis System. For further information about 
analytical electrofocusing, and the many other 
applications ofthe system, send today for our brochure. 


THE LKB SYSTEM 

Only LKB can offer the research scientist a complete, 
integrated system in which each component works with 
and complements all the others. Based on the new and 
improved Multiphor II, the system also includes a 5KV 
power supply, thermostatic circulator, laser 
densitometer and data evaluation software. 

In addition to the instrumentation, LKB provides a 
range of 18 major kits plus a complete programme of 
high quality chemicals, supplies and accessories, 
backed by the full worldwide support ofthe market 
leader in electrophoresis and electrofocusing. 


LKB-the electrophoresis experts. 
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analytical electrofocusing: 


AGAROSE GELS FOR MAXIMUM POROSITY 
Another of the many options available to the 
user of the LKB Horizontal Electrophoresis 
System is the application of Agarose 
electrofocusing gels. LKB supplies extremely 
pure agaroses, carefully developed for 
electrofocusing, and the original capillary 
casting method simplifies the task of producing 
0.5 mm gels on GelBond Film backing sheets. 
Agarose is non-toxic and easy to handle and the 
entire analysis procedure, including casting and 
running, is very rapid. 


Separating the GelBond Film from the glass 
plate gives a 0.5 mm agarose gel, firmly attached 
toits support and ready to use ® 


IMMOBILINE GELS FORMAXIMUM 
RESOLUTION 

The unique LKB Immobiline System is 
significantly different to traditional gels in that 
its pH gradient is an integral part ofthe gel. The 
system is designed to allow the user to select a 
pH gradient as wide as 3.0 pH units, or as 
narrow as 0.1 pH units, anywhere in the range 
3.6to9.5. This tailoring of the gradient to suit 
specific applications permits extremely high 
resolution to be achieved with the LKB 
Horizontal Electrophoresis System. Stable and 
reproducible linear gradients having a slope as 
low as0.01 pH units/cm are possible, allowing 
you to separate proteins whose pl values differ 
by as little as 0.001 pH units. 

Comparison of traditional electrofocusing and 
LKB Immobiline System (courtesy of Dr A Górg 
et al, Technische Universität, München) > 








































Ampholine pH 35-95 Immobiline pH 5.2 - 5.8 
id d 





Head office: 
LKB-Produkter AB, 

Box 305, S-16126 Bromma, Sweden. 
Tel. 08-98 00 40, telex 10492 
Main US sales office: 

LKB Instruments, Inc. 

9319 Gaither Road, Gaithersburg, 
Maryland 20877. 

Tel. 301-963-3200, 
telex 909870 (dom.), 64634 (intern.) 
UK sales office: 

LKB Instruments Ltd., 

232 Addington Road, S. Croydon, 
Surrey CR2 8YD. England. 

Tel. 01-657 8822, telex 264414 
Other sales offices in: 
Antwerp, Athens (for Middle East), Bangkok, 
Copenhagen, Lucerne, Moscow, Munich, 
Paris, Rome, Turku, Vienna, Zoetermeer 
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Spécltic binding Non-specific 


Amershams '?°l-labelled rat ANP (28-residue-sequence) in tissue autoradiography of 
guinea pig kidney and adrenal. Photographs kindly supplied by Dr P W Mantyh, Center for 
Ulcer Research and Education, UCLA, USA 


Labelled peptides 

e (3-['?5l]iodotyrosyP?9)Rat atrial natriuretic peptide 

(28-residue sequence) IM.186 
e (3-['25||iodotyrosy/?®)Human a-atrial natriuretic peptide IM.187 
These ligands are supplied at a specific activity of ~2000Ci/mmol, 
~74TBq/mmol. 


Tracer and antiserum for RIA 

@ This reagent pack, IM.1871, contains a rabbit antiserum to human 
a-ANP which cross-reacts totally with the corresponding rat sequence 
and ['25]һитап АМР Sufficient for 250 assay tubes using the protocol 
provided. 


Related compounds 

Acetylcholine receptor ligands and B-blockers 
Calcium channel ligands 

Tachykinins and angiotensin related products 
Assay systems for thromboxane and 6-keto-PGF,, 


Our development programme serves the needs of researchers for 
products designed to solve specific problems in biomedical research. 


Amersham - serving biomedical research 


Amersham Corporation m m 
2636 South Clearbrook Drive, Arlington Heights, IL 60005 A ersha 


(312) 364-7100 or (800) 323-9750 (Toll Free) 





In Canada 505 Iroquois Shore Road, Oakville ONT L6H 2R3 (416) 842-2720/(800) 268-5061 
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Surface temperature expression of the Brazil Current 
between 20 and 30°S. The images are a digital 
composite from four passes of the NOAA-7 satellite 
on 3/4 October 1984. Red is warm and yellow is cooler. 
The Brazil Current is the red band parallel to the coast. 
The vertical structure of the current (the S. Atlantic 
equivalent of the Gulf Stream) is discussed on page 48. 
(Photo: INPE/Brazilian Space Agency/Univ. Rhode 
Island/O. Brown, R. Evans, J. Brown & A. Li, Univ. 
Miami.) 
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Seen inall the best 
scientific circles 


Pharmacias new Molecular 


Biology Division has been 
formed by linking the establish- 
ed strengths of Pharmacia P-L 
Biochemicals with the separ- 
ations expertise of Pharmacia 
Fine Chemicals, creating a group 
with an unequalled technology 
base. 

This group is dedicated to 
providing molecular biologists 
with the tools and advice they 


need in their research. 

Whether you are con- 
structing your own plasmids, 
sequencing, or working with 
cDNA, we have the products 
and the fast delivery that 
you need. 

Everything from nucleo- 
tides to separation products and 
enzymes to expression vectors, 
are available from one depend- 
able supplier. 


UNITED STATES: Pharmacia Inc., 800 Centennial Avenue, Piscataway, NJ 08854 Tel: (201) 457-8000 
CANADA: Pharmacia (Canada) Inc., 2044 St Regis Blvd. Dorval, Quebec H9P IH6 Tel: (514) 684-8881 


Reader, Service №,25 


Lookatournew catalogue 
and you will see just how much 
we have to offer. 

Write or call us today for 
your tree Copy. 

You'll be in good company. 


Pharmacia... your partner in 
molecular biology. 
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Molecular Biology Division 
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Genes and 
Systems in 
Development 


You are invited to join a select group of participants and some of the 
world's foremost speakers at NATURE’s fifth international conference. 





Presented in conjunction with the University of California at San Francisco. 


OCTOBER 7, 8, 9, 1985—SHERATON-PALACE HOTEL 
SAN FRANCISCO, CALIFORNIA 





The 1985 conference presented by NATURE, the in- 
ternational weekly journal of science, in association 
with the University of California at San Francisco will 
address what is perhaps the central unanswered 
question of biology today: How is the process of de- 
velopment directed by genes? j 
For three days, you will meet and listen to preeminent 
scientists, physicians and biotechnologists describe their 
research and first-hand involvement in experimental ap- 
proaches involving the application of molecular biology to 
systems and organisms. Topics will include the diagnosis 
and therapy of genetic defects, homoeotic genes, yeast 
development, development of the immune system—in- 
cluding T-cell receptors—and the use of new biological 
materials in medicine and industry. Roundtable discus- 
sions will be held each afternoon to give delegates ample 
opportunity to mix with and question the speakers. Partic- 
ipants will have an opportunity to take part in detailed 
discussions and present their own ideas. Poster presen- 
tations are also being invited. 

WHO SHOULD ATTEND 

Senior Level Scientists, Medical Research Scientists, Bio- 
technologists, Scientific Policy Makers, R & D Scientists, 
Departmental Chairpeople. 

TO REGISTER FOR THE CONFERENCE 

Return the form with your check, credit card authorization, 
or an authorized purchase order. 

Full 3-day registration fee: $375.00 

Pay only $325.00 if you register before July 31. 
LOCATION 
The Sheraton-Palace Hotel located at 639 Market Street 


is convenient to the business and financial districts as well 
as downtown's most stylish shops and finest restaurants. 
Since its opening in 1875, this elegant hotel has hosted 
such world figures as seven U.S. presidents, Winston 
Churchill, Nikita Krushchev, Sarah Bernhardt, Enrico Ca- 
ruso and Oscar Wilde. Кра Q 9 

ROOM RESERVATIONS 

A large block of rooms has been set aside for attendees 
at preferred rates. However, we suggest you make your 
reservations early as delegate places and accommoda- 
tions are filling fast. Rooms can be reserved directly with 
the Sheraton-Palace Hotel by calling 800-325-3535. Be 
sure to mention your participation in the NATURE 1985 
Conference to qualify for special rates. Singles: $95. Dou- 
bles: $105 and $115. 


CMEs WILL BE AWARDED 

Extended Programs in Medical Education of the University 
of California School of Medicine in San Francisco 
designates this continuing medical education activity for 
18 credit hours in Category 1 of the Physician's 
Recognition Award of the American Medical Association 
and the Certification Program of the California Medical 
Association. : 
BURSARY PROGRAM 

Bursary program for selected graduate students to be 
announced during August 1985. 


POSTER SESSIONS 

To have your poster considered, please include a 
working title and brief synopsis of your topic and send 
to Posters Editor, Nature Publishing Company, 

65 Bleecker Street, New York, New York 10012 
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CONFERENCE DINNER et C 7... 5  . Speakers o Topics. 
Our gala Conference-dinner will be held Tuesday, ,  M.Davis ^ T-cell 
October 8, in the historic, glass-domed Garden Court. ` (Stanford) ' > receptors 
To insure seating, please include your dinner ticket — - С U.Storb | B cells 
requirements and payment of $29. 50 per person with . | Сога оов 
your registration. ,  48kSeatie) 
. : 4, Cw. de eM | Oncogenes 
EXHIBITS gs ` | ' . of California 
A major exhibition of scientific products and services І . » zo ne 
will be held in conjunction with the Conference. ia cal ted Regulatory 
. (Harvard) proteins 
LONE, 3: . 1. Herskowitz Yeast 
PROGRAM SCHEDULE* "nni A SY, | (U. of California development 
ааа ERIE ETS Л | at San Francisco) i 
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F Bloom Vertebrate neural E GENES 
(Research Institute - . | Біт ш : ; 
of Scripps Clinic) care a woofs 1:7 ., Speakers _ | Topics 
J. Gerhart ^ ^" ^ — Early develo ment— . " R, Palrniter Transgenic mice 
(U. of California ч Хепориз j _ , (U, of Washington 
at Berkeley) | ; < ' , at Seattle) 
C. Nüsslein-Volhard Early developmént— à D. Hogness Drosophila 
(Tübingen) RI ` Drosophila : | (Stanford) | ; . homoeotic genes 
C. Goodman „Development: of ' ow McGinnis ` . : Mammalian 
(Stanford) NU. ‘invertebrate | - 0 ‘sı : (Yale) TA homoeotic genes 
т. пеша Systems: ©. ^- T Friedmann ' Human therapy 
(Mitt) о ` Caenorhabditis ' > + (U. of California à 


„` > at San Diego 


*Additional speakers will also appear on the program. 
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SAVE $50 ' To register for NATURE UPDATE IN MOLECULAR BIOLOGY 1985, mail this form 
with your payment to: NATURE PUBLISHING COMPANY, 65 Bleecker Street, New 
IF YOU York, NY 10012 
R EG IST E R (Photocopy this form for additional applications. ) 
Please reserve. — . ‘Conference registration(s) in the name of: (please type ог ` 
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at the Tuesday Conference dinner in the name of: 


NAME ue TITLE 
COMPANY/INSTITUTION - | 

ADDRESS 

cem INE CE | ‘STATE d 


1 understand that as a paid conference participant, | may attend all sessions and receive all 
programs and other.materials. 


Mycheckfor$.- .  .  isenclosed. 





Charge my credit card as shown. ‘ О Атех О Міѕа '' О Mastercard 
‘Credit card number _____- ___.Expiration date — 
eS BIN те: L] Bill my 
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All business travellers should have reservations 
about where they sit. 


| For action 


Window seat 


Please book my seat and arrange for 


Aisle seat 





Smoking compartment 
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Swissair First and Business Class passengers 
can now select their seats when they make their 
reservations, even on the shortest fhghts. The 
request form above will help you to make sure 
whoever books your seat also arranges your seat 
reservation 

Up to two weeks before departure we will 
accept your request for a seat by the window 
or on the aisle, 1n the smoking or non-smoking 
section, 


Reader Service No.03 


When you make a reservation within two 
weeks of departure we will confirm to you a 
specific seat number (just as on the long-haul 
routes) We also assign seat numbers to reserva- 
tions made more than two weeks in advance 

Our Business Class now has separate check- 
in desks at 59 airports New Business Class 
lounges are being introduced and on B-747 and 
DC-10 long-haul flights we now offer a choice of 
three menus 


With the care and attention that Swissair 
shows to its passengers its little wonder that 
readers of Business Traveller magazine have 
voted us «best airline worldwide» three times 
since 1980 Most recently 10 1984 With no res- 
ervations! 
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in Constant Power Supply 


The $1295 EC500 was designed specifically to meet 
the need for a 2,000 Volt Constant Power Supply in 
special electrophoretic applications such as gel elec- 
trofocusing, gel sequencing, SDS gels, and standard 
slab and tube gels. Check these important features and 
benefits: 

e maximum output: 2,000V; 150mA; 300W 
e 3-mode control: Constant Power, Voltage, or Current 
* optional voltage limit control for sensitive gels 


BE-3102R1 


e dual-range meters and high-low switching without 
effect on set points 
* high voltage safety interlock 
e positive electrical protection 
e adapts easily to any cell 
For more information call Technical 
Service toll-free at 1-800-624-2232 (іп 
Florida, 1-800-282-7932), E-C Apparatus 
Corp, 3831 Tyrone Blvd. N. St. Petersburg, 
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Star wars threat to ABM treaty 


The Pentagon recipe for testing star wars technology without technically violating the anti-ballistic 
missile treaty is an artificial exercise likely to do more harm than good. 


THE Jesuits earned themselves а bad name in the sixteenth 
century not only for their enthusiastic conduct of the inquisition 
but for their casuistry, their willingness to bend general rules to 
the circumstances of particular cases. The Jesuits are now much 
reformed, but the US Department of Defense is well on the way 
to succeeding to their odious reputation. The Pentagon’s 
publication last week of its recipe for testing the viability of its 
star wars plans without violating the Anti-Ballistic Missile (ABM) 
Treaty with the Soviet Union (see p.3) is as fine an example of 
the jesuitical arts as there has been for years. In defence of its 
reputation, the department may say that it would never have 
dreamed of producing a document certain to give as many 
hostages to fortune if Congress had not required it to do so. But 
the Congress, whose love for star wars has yet to blossom, 
intended to offer Mr Caspar Weinberger, the US Secretary of 
Defense, a poisoned chalice; it would have been possible and 
prudent for him to have replied in terms less obviously calculated 
to undermine the ABM treaty. 

What the Pentagon has done is to exploit the verbal inconsis- 
tencies of the treaty, as drawn in 1972 when the two signatories 
had no immediate cause to contemplate anti-ballistic missiles of 
other than the then conventional kinds. The chief interdiction 
(Article 1) is that neither side should deploy an ABM system 
except at the sites agreed (originally two, reduced to one in 1974). 
An ABM system is defined (Article 2) as one ‘‘currently con- 
sisting” (1n 1972) of interceptor missiles, launchers for them and 
radars designed for use against the ballistic missiles rather than, 
for example, in air defence. The treaty says that none of these 
components should be deployed (except as specified) and makes 
plain that the interdiction applies not only to operational 
components but to components “‘undergoing testing". Elsewhere 
(Article 5), the treaty goes on to say that the signatories shall not 
“‘develop, test or deploy'' ABM systems or their components 
which are based in space, in the atmosphere, on the sea or which 
are even movable on dry land — a point emphasized by the way 
in which the US delegation to the negotiations asked for, and 
got (in January 1972), an assurance that it would be a violation 
of the treaty if either party built a radar or a launcher for an 
intercepting vehicle that was not fixed on the surface of the Earth. 


Violation 


The bearing of these provisions on the way in which two parties 
to the treaty conduct themselves ten years later is ambiguous only 
'to those who wish that it should be so. Most people will, for 
example, understand the string of verbs ‘‘develop, test or deploy" 
to indicate that development is the stage in a technical process 
that precedes testing, which is in turn a preliminary to 
deployment. But on that reading, the Strategic Defense Initiative 
will violate the ABM treaty once the feasibility of space-based 
missile defences has been investigated (by research) and the 
development of hardware has begun. The distinction between 
research and development is notoriously arbitrary, in civil as well 
as military industry, but because the star wars project will be 
increasingly concerned with demonstration projects (aimed at 
convincing the military, members of the Congress and, no doubt, 
US taxpayers) that the game is worth the candle, it is inevitable 
that the United States will soon be accused of having broken the 
treaty. “‘But it's only research", will be the cry, which will be 


defensible only on the hollow grounds that the US Congress has 
not by then agreed to provide funds for more than the research 
programme as now defined. 


Sham 


The notion that it will be possible to test the efficacy of novel 
kinds of missile interceptors without violating the treaty by 
poinung them at satellites rather than at ballistic missiles, or that 
tracking radars will be permitted if operated at reduced power, 
is similarly a dangerous sham. Although a successful 
demonstration that this or that new kind of ray gun can destroy 
a satellite will not, for example, also test the effectiveness of the 
target-tracking systems that would be needed for an operating 
defence against ballistic missiles, a few experiments like these 
could provide the knowledge on which full-scale missile 
interceptors based in space may be confidently designed. It should 
be even easier to extrapolate from observations with low-power 
radars or infrared sensors to the components needed for a 
defensive system. So there is every reason why the course charted 
in last week's document will provoke the Soviet Union to fierce 
protests. The Pentagon should also worry about the extent to 
which this advance advertisement of how it will break the spirit 
if not the letter of the treaty will generally undermine even the 
support of those who accept that the case for a programme of 
research on anti-ballistic missile defence can be sustained. 

But how else to arrange that the feasibility of star wars can 
be tested? As it happens, the ABM treaty provides for a 
mechanism for doing just this — the creation of a Standing 
Consultative Commission to consider questions arising under or 
about the treaty, including (Article 13(d)) **possible changes in 
the strategic situation which have a bearing on the provisions of 
this treaty". By agreement, the commission was lumped together 
with that required by the first SALT agreement. This, no doubt, 
is the body to which the United States will turn if and when the 
time comes to raise with the Soviet Union the case for deploying 
some kind of system based on star wars. (This is also the forum 
in which the United States should have raised its proper doubts 
about the function of the Soviet radar, now being built near 
Krasnoyarsk in central Siberia, which is of a type whose siting 
there is forbidden by the ABM treaty.) It would be better to bite 
that bullet sooner rather than later, if only to keep some kind 
of relic from the days when arms control agreements seemed 
desirable and feasible. 

But why bother? Nobody forgets that part of President 
Reagan's objective in embarking on star wars was his wish to 
make arms control agreements unnecessary. If the two 
superpowers (or even just one of them) could shelter behind solid 
missile defences, those endless visits to Geneva might be dispensed 
with. This argument (some say wish-fulfilment) 1s often heard 
in the United States; much less commonly in Western Europe. 
There are two difficulties. First, the United States is already 
engaged in arms control negotiations at Geneva (adjourned until 
later in the month). Second, the arguments that made the ABM 
treaty seem worthwhile in the 1970s are still valid even in the 
changed circumstances of the 1980s. The objective then was to 
protect the strategic retaliatory forces of each side from being 
rendered ineffectual. The proliferation of warheads and their 
increased accuracy has since made counter-force strategies 
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credible, but only just. But there is no reason to believe that a 
working star wars strategy is more easily realized. In short, and 
for as long as star wars remains a hypothesis to be tested, the 
need for arms control is as pervasive and as irresistible as 
President Reagan found during the first few months of his first 
term, in 1980. 

But what is to be done about Soviet duplicity in this and other 
connections? At times, the US administration sounds a little like 
the lawyer whose defence of his client against a charge of murder 
takes the form of asserting that the client did not kill the victim 
and, then, that.he did so in self-defence. The Krasnoyarsk radar 
is a sign (in the absence of argument to the contrary) that the 
Soviet Union has not been resting on its laurels, the anti-ballistic 
missile system around Moscow. It may also be the case that the 
Soviet Union is already hard at work on a research programme 
not very different in character from star wars itself, as the US 
administration claims, but that is irrelevant. The lesson that needs 
now to be learned is that, for as long as these schemes remain 
dreams (not necessarily illusions) they should not be allowed to 
affect policy. And if they are found feasible, their deployment 
will have to be discussed between the superpowers. Why not 
accept that now, not later? ' D 


Fun made dull? 


British school mathematics may be made worse 


by the government's recipe for reform. 


WHAT should a young person know of mathematics? And how 
should mathematics be taught at school? From time to time, these 
questions recur almost everywhere, as some mathematicians 
would say. Under the idiosyncratic guidance of Sir Keith Joseph, 
Secretary of State for Education and Science, the British govern- 
ment has just embarked on yet another attempt to breathe new 
life into a jaded curriculum. Things may seem to have changed 
a lot (but not for the worse) since earlier decades, when British 
governments behaved as if they had no right to tell the local educa- 
tion authorities, which administer British schools, what should 
be taught, but only a kind of admonitory right to complain if 
teaching and (more often) other aspects of school life were 
hopelessly awry. But on this occasion, the government has decided 
to stiffen its exhortation to reform by the appointment of more 
than 300 full-time teachers whose sole responsibility will be to 
ensure that the pace of reform of mathematics teaching does not 
flag. Those with long memories should be forgiven for reminisc- 
ing about the early 1960s, when the government encouraged 
renewal of the mathematics curriculum, and when local educa- 
tion authorities showed willing by appointing people called ‘‘ad- 
visers’’ to help teachers change their teaching habits. 

The objective now 1s also much what it was two decades ago, 
when the general opinion was that mathematics should be made 
to seem more like fun to students, that it should seem more ‘‘rele- 
vant” and that teaching should concentrate more on conceptual 
matters than on the learning of manipulative skills. (In Britain 
in the 1960s, although concepts such as that of sets made their 
way into the curriculum even of younger children, the ‘‘new 
math.’’ never made quite the headway that terrified parents and 
some younger people in the United States.) 

The occasion for the British government's new venture is a 
booklet by Her Majesty's Inspectors (of. schools), called 
Mathematics from 7 to 16 (HMSO, £2.00), which argues much 
the 1960s case for reform, but in a way that has predictably ex- 
cited the British popular press. The most inflammatory passage 
is that which argues cogently that young people should be helped 
to use calculators as a means of carrying out calculations, not 
simply be allowed to use them for confirming the results of 
calculations done by other means, and which goes on to say that 
“ong division.. should no longer be generally taught” and that 
‘logarithms, as aids to calculation, are obviously redundant”. 
The rumble of conservative protest has been palpable, but even 
radicals have been taken aback. 

Conservatives should not be afraid that the end of their world 
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has come. The new document is a recipe not so much for upheaval 
as for consolidation, even for consolidation about modest goals. 
This is not surprising, since the school inspectors have themselves 
relied on a study of school mathematics carried out by a govern- 
ment committee under Dr (now Sir) William Cockcroft and 
published three years ago. The inspectors echo that earlier plea 
that the mathematics taught in schools should consist of a cen- 
tral core of knowledge and understanding determined by the 
needs, interests and abilities of most students. On this view, 
mathematics at school is largely a utilitarian study. Even the sec- 
tion in the manifesto on ‘‘conceptual structures” is largely devoted 
to a sensible discussion of the reasons why students should ap- 
preciate the importance of estimating the results of calculations 
and approximating to them (or even to the insoluble 
problems of the real world). The document repeatedly urges that 
teachers should engage their students 1n practical work, but it 
is partly redeemed by its advocacy of open-ended questions in 
mathematics examinations. 

The more serious objection to what is now proposed is its 
dullness, or its potential dullness in the hands and heads of many 
teachers. While the language of sets may, in the 1960s, have seern- 
ed a licence to some teachers to make algebraists of five-year- 
olds, the repeated exhortation to teachers now to bear in mind 
the practical needs of their students, especially to find jobs, will 
give many teachers the idea that mathematics should be turned 
into sophisticated mensuration. And while the inspectors’ docu- 


` ment repeats in humdrum language the belief that mathematics 


is more a part of modern life than of that of any previous age, 
it does very little to suggest to teachers that they should help their 
students understand how mathematics has become so powerful. 
Thus, absurdly, in spite of the inspectors’ advocacy of computers 
as a means of making calculations, nothing 1s said about the 
benefits of understanding that even the simplest techniques for 
arithmetical manipulation (not to mention long division) involve 
the use of algorithms of a kind that also underlie computer pro- 
grams. Fortunately, most teachers and many of their students 
already know better. ' ў 

All is not lost, however, for the inspectors’ prospectus is 
described as a discussion document, on which opinions will be 
welcome. Here are some complaints that the inspectors (and their 
minister) might usefully accommodate. First, because 
mathematics is as important as the document says, students of 
all ages and ability should be helped to understand how these 
circumstances have arisen (which argues for a little history) and 
why mathematics is so powerful (which argues for school-leavers 
knowing something of what can be accomplished by the calculus 
even if they have not learned to differentiate a simple function). 
Second, and consistently with the inspectors’ utilitarian cast of 
mind, the curriculum should give students a general understand- 
ing of how problems of the real work are turned into problems 
in mathematics which, in practice, are soluble only exceptional- 
ly. Third, students need to have their spirits lifted by repeated 
demonstrations of the sheer neatness of much of mathematics, 
whence much of its power. But they need also to appreciate that, 
like other parts of science, mathematics remains unfinished 
business, as can be told at the earliest ages from the lack of 
an analytical formula specifying the prime numbers. 

Can Sir Keith Joseph’s band of advisers hope to accomplish 
all this? With luck, they will do much good, but there are two 
respects in which they will be handicapped from the outset. First, 
the mathematics teachers in British schools are too few and are 
also, too often, as unconfident of the material they hope to teach 
as are their students. The immediate remedy is for more in-service 
training, as the government agrees. The long-term solution may 
be unattainable, given the demand for people who can count in 
the economy at large. Second, a point which the government does 
not so far concede, there is a need for yet another deliberate at- 
tempt to redesign the mathematics curriculum by practical work 
by teachers working in the schools, not by edict from on high. 
Plainly, as things have turned out, what British school 
mathematics most needs is a flood of protest to the Senior Chief 
Inspector, Mr E. J. Bolton. a 
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NEWS 


DoD makes a monkey 
of anti-missile treaty 


Washington 

THE Pentagon’s Strategic Defence In- 
itiative (star wars) office has produced the 
first detailed account of how it intends to 
carry out field tests of new ballistic-missile- 
defence hardware over the next five years 
without violating the 1972 Anti-Ballistic 
Missile (ABM) treaty. The explanation, 
contained in a report ordered by Congress 
when it approved the star wars budget last 
year, is likely only to inflame criticism that 
the Reagan administration is playing fast 
and loose with the treaty requirements. 

Most of the field tests would be justified 
on the grounds that they do not involve 
“АВМ components" or ‘‘prototypes of 
ABM components". The treaty does not 
prohibit the development of weapons to 
shoot down satellites, cruise missiles or tac- 
tical ballistic missiles. So when railguns and 
rocket-propelled projectiles are tested in 
Earth orbit in the early 1990s, their targets 
will be satellites, not missiles. The Depart- 
ment of Defense (DoD) report says that 
such tests will demonstrate the technology 
needed to defend space-based ABM battle- 
stations against Soviet anti-satellite 
weapons. But these technologies are also 
candidates for ABM systems proper, 
although DoD says only that the tests will 
**permit a decision to be made on the ap- 
plicability of more advanced technology for 
ABM purposes’’. 

Tests of lasers and space-based tracking 
systems, on the other hand, would be 
justified on the grounds that they will have 
only ''limited capability". DoD says 
because the hardware to be tested is not ad- 
vanced enough to operate in a fully fledg- 
ed ABM system, it is not a ‘‘prototype’’. 
At least some of the limitations may be ar- 
tificial. Thus a system to track Inter- 
Continental Ballistic Missiles (ICBMs) will 
not qualify as an ABM component proto- 
type because it ‘‘may measure the signature 
of booster plumes, but not in real time". 

Congressional critics of Star Wars were 
quick to point out, after the report was 
issued last week, that the Pentagon’s 
reliance on the anti-satellite-weapon 
loophole is further evidence of the Reagan 
admunistration’s opposition to any progress 
on a treaty limiting testing of anti-satellite 
weapons. Representative George Brown 
(Democrat, California) has called for a 
renewal of a congressional ban on further 
anti-satellite testing. He also called plans 
to test star wars hardware against satellites 
a “circumvention of the spirit of the ABM 
treaty”. 

An analysis by legal scholar Abram 
Chayes of Harvard University reaches a 
similar conclusion. He says that attempts 
to develop star wars technology under the 











label of antı-satellite or anti-tactical- 
ballistic-missile programmes are ‘‘legally 
disingenuous"' as well as technically cost- 
ly. Chayes points out that the course 
charted by the Reagan administration will 
inevitably generate disputes over its legali- 
ty under the treaty and argues that, instead 
of being simply a *'research" programme 
that will leave open a decision to renounce 
the treaty in the mid-1990s and proceed 
with deployment, star wars as now conceiv- 
ed may make that decision a foregone 
conclusion. 





The DoD report suggests two other ways 
to get around the provisions of the ABM 
treaty. The treaty specifically allows field 
testing of fixed land-based ABM systems 
or components. This was the administra- 
tion’s justification for the experiment last 
year in which an interceptor Jaunched from 
Kwajalein Missile Range in the Pacific hit 
an ICBM launched from White Sands 
Missile Range in California. Several further 
tests of both radars and interceptors is 
planned under this provision. 

The report also hints at a more drastic 
way to evade the treaty's constraints. 
Noting alleged Soviet violations of the 
treaty, the report says ‘‘we do reserve the 
right to respond to those violations in 
appropriate ways, some of which may 
eventually bear on the Treaty constraints 
as they apply to the United States”. 

Stephen Budiansky 





Star wars 


Academics sign on for research 


Washington 

WHATEVER their first reservations, US 
universities seem to be having no scruples 
about cashing in on President Reagan's star 
wars programme of ballistic missile 
defence, known formally as the Strategic 
Defense Initiative (SDI). The SDI organiza- 
tion's innovative science and technology of- 
fice, which will spend 5 per cent of the star 
wars budget, has started to award multi- 
million dollar contracts to university/in- 
dustry consortia for basic research with 
possible applications to missile defences. 
The office, established only last November, 
will soon have committed over $50 million 
for basic research. More than 50 US institu- 
tions will be working on basic star wars 
research within the next few months. 

The three consortia already named by the 
innovative science office will be working on 
non-nuclear power sources suitable for 
space-based systems ($19 million over four 
years), optical signal processing ($9 million 
over three years) and advanced composite 
materials ($15 million over three years). 

Smaller institutions are not being left 
out. Besides such well-known research 
establishments as the California Institute 
of Technology and Massachusetts Institute 
of Technology, the consortia include, for 
example, the University of Texas at Arl- 
ington and the University of Alabama at 
Huntsville. 

Applied (as distinct from basic) research, 
which accounts for the greater part of the 
SDI budget, is being carried out in-house 
in government laboratories or in industrial 
companies; several hundred SDI research 
contracts have already been negotiated. 
SDI has a total budget of $26,000 million 
over the five years from 1 October 1984. 

The director of the innovative science 
and technology office, James Ionson, says 
he has no illusions about the magnitude of 
the technical problems confronting SDI, 
but he is convinced that solutions to many 








of them will eventually emerge from 
speculative basic research of the sort sup- 
ported by his office. According to Dr Ion- 
son, many ideas that at first ‘‘seemed 
crazy” have now demonstrated their poten- 
tial and will be included in the SDI effort. 

All the basic research supported at pre- 
sent through lonson’s office is unclassified, 
but the classification requirements for SDI 
research are under scrutiny by the Depart- 
ment of Defense (DoD). Ionson is confi- 
dent, however, that DoD's policy of rely- 
ing on classification alone to control on- 
campus basic research will be maintained. 

The recent disruption caused by DoD at 
a meeting of the Society of Photo-optical 
Instrumentation Engineers (see Nature 18 
April, p.569) raised the possibility that 
DoD might in future make more use of Ex- 
port Administration Regulations to restrict 
the flow of sensitive technology abroad. 
According to Dr lonson, use of such 
regulations is most likely when commercial 
interests become involved but each case will 
be considered on its own merits. 

Export regulations will undoubtedly be 
the subject of politically-delicate negotia- 
tions if overseas institutions participate in 
star wars research, because foreign govern- 
ments will want to ensure that they receive 
the benefits of technology spin-off. But 
Defense Secretary Caspar Weinberger has 
still not given the formal go-ahead for 
foreign collaboration. 

Among the major research threads sup- 
ported through Dr Ionson’s office is op- 
tical systolic computing, which could bring 
within reach the enormous computing 
power that would be needed for a star wars 
defence. Ionson is also looking at the 
possibilities for molecularly engineered 
dielectrics for capacitors, plasmoid 
weapons and the protection of satellites in 
radioactive environments by pumping out 
the Van Allen radiation belt. 

Tim Beardsley 


4 


NATURE VOL 315 2 MAY 1985 








Japanese Science Council 


NEWS 


Elected body goes out fighting 


Tokyo 

THE Science Council of Japan (JSC)’s 
final meeting as a directly elected body 
ended last week in the liberal tradition it 
has long upheld. One of its final actions 
was to call on the government to improve 
the status of female scientists. 

Since 1948, Japan's unique ‘‘Parliament 
of Scientists" has provided a means for 
Japanese research workers to express their 
opinions to government. Every three years, 
210 representatives from every branch of 
science have been elected to the council by 
a direct vote of more than 200,000 of 
Japan's scientists. Committees organized 
by the council have been instrumental in 
shaping the grants policy of the Ministry 
of Education, Culture and Science 
(MESC), in pressing for the establishment 
of new institutes 1n areas where they were 
thought most needed and in upholding 
scientists? rights. The president of JSC is 
automatically a member of the Council for 
Science and Technology, the highest science 
policy-making body in the land, and thus 
has the ear of the Prime Minister. 

In recent years, however, things have not 
always gone smoothly between the govern- 
ment and JSC. As MESC relied more and 
more on advice from its own internal 
science council, JSC came to see its 
influence on grant policy decline. In turn, 
voters became apathetic and, as the govern- 
ment sees 1t, the council came to be in- 
fluenced more by those with a ‘‘political’’ 
axe to grind than by those concerned with 
purely scientific matters. Apparent 
opposition to nuclear power by JSC 
particularly irritated the government. 

In 1982, the government, which pays all 
JSC's expenses, finally demanded reform, 
and when it proved hard to agree, reform 
was forced on JSC. The result is that from 
now on, members will no longer be directly 
elected but will instead be appointed 
through the scientific societies (see Nature 
305, 361; 1983). 

The call to improve the lot of women 
scientists stems from surveys carried out by 
JSC over the past few years of the special 
difficulties encountered by women 
scientists. It was plain that few women were 
reaching the top posts: there are no female 
full professors in the science faculties of the 
principal universities, few women among 
the laboratory chiefs of government re- 
search institutes and a relatively small per- 
centage of women entrants to science 
courses in top universities. 

These observations mirror problems for 
women in Japanese society as a whole. The 
average salaries of women are barely half 
those of men, not so much because of dif- 
ferent rates of pay for the same job but be- 
cause women generally occupy lower posi- 
tions. Surveys show that three-quarters of 
companies hiring university graduates (who 
will eventually go into management posi- 








tions) hire only men. Of those that do hire 
women, half will not allow them any poss- 
ibility of promotion and two-thirds will not 
give them access to training or education 
programmes. ** Retirement" at marriage is 
a not unusual condition of work. 

JSC's subcommittee on the status of 
female researchers carried out its own 
survey on the position of women scientists 
after an earlier plea, in 1977, failed to per- 
suade the government to conduct a proper 
survey. Some 2,000 women scientists and 
1;400 male scientists were asked to com- 
plete questionnaires, and the results con- 
firm women's poor promotion prospects. 

Taking into account academic record, 
the chances of a woman becoming a full 
professor appear much lower than those for 
a man. Most women who successfully com- 
plete their doctorates cannot hope to gain 
a post higher than assistant lecturer and the 
higher they go, the more difficult further 
promotion becomes. Professor Katsuko 
Saruhashi, one of the few women to reach 
laboratory director level (within the govern- 





ment's Meteorological Research Institute) 
and a veteran campaigner for the rights of 
women scientists, says it is bad for the na- 
tion not to make use of women's abilities 
and that what is now being demanded is a 
proper government survey that could be us- 
ed to make the reforms that would improve 
the position of women. 

On the government's recent record; 
however, it is unlikely that her wishes will 
be fulfilled. The Diet will vote next month 
on an equal opportunities bill intended to 
give the government an opportunity to 
ratify the United Nations Convention on 
the Elimination of All Forms of Discrimi- 
nation Against Women. The bill has, how- 
ever, been thoroughly emasculated by 
employers’ representatives, and apart from 
abolishing some old restrictions, such as 
those that prevent women working late at 
night, it provides little in the way of new 
rights. There are so many loopholes in the 
bill that it would be almost impossible for 
legal action to be taken on its provisions. 
Although it calls for women to be given 
equal treatment to men in job recruitment, 
allocations and promotion, there are no 
substantial penalities for non-compliance. 

Alun Anderson 





Romania 


Nuclear power in the distance 


PRESIDENT Nicolae Ceaucescu of Romania 
last month cut short an official visit to 
Canada after he was told that he could not 
visit the Pickering nuclear reactor plant 
because of a labour dispute. He did, 
however, visit Hydro-Quebec's nuclear 
power station at Becancour, which uses 
Candu reactors, similar to those the official 
handouts somewhat misleadingly referred 
to the **two plants now under construction 
in Romania". 

Romania signed contracts for the pur- 
chase of two Candu reactors in 1978 and 
1981, and has options on up to eight more. 
But the deal has been beset by difficulties; 
firstly by Romania's lack of hard cur- 
rency, which makes necessary a counter- 
trade (barter) arrangement, and then 
because the Romanians insisted on dealing 
with all the Canadian subcontractors 
separately, instead of negotiating with 
Atomic Energy of Canada Ltd (AEC). As 
a result, although the proposed site at Cer- 
navoda in Romania is being prepared to 
receive five reactors, hardly any equipment 
has yet arrived from Canada. The 4,500 
Romanian on-site workers are simply car- 
rying out preliminary construction work, 
including the containment buildings for the 
firt two Candus. (Containment buildings 
are a rarity 1n East European power sta- 
tions; Soviet doctrine considers them a 
Western device to raise costs, although the 
Hungarians insisted on having them for 
their Soviet-produced reactors at Paks.) 

Mr Ceaucescu is clearly anxious to get 
the Candus installed as soon as possible. 
Although Romania is an oil-producing 





country, heavy investment in the petro- 
chemical industry during the 1970s has 
turned it into a net energy importer. By the 
early 1980s there was an energy crisis, and 
the severe winter of 1984-85 meant pro- 
longed power cuts for both domestic and 
industrial users and a ban on all private 
motoring. Not surprisingly, the Party dai- 
ly, Scintea, on the eve of the President's 
visit to Canada, hailed the Candu as the 
answer to Romania's energy problems. 

The project is, of course, badly behind 
schedule. The first two Cernavoda Candus 
were meant to be operational by 1985; in- 
stead, the first major equipment will not 
be delivered until the autumn, and the 
primary cooling pumps, from Bingham 
Willamette of British Columbia, will not 
be delivered for two or three years. 

But Canada too needs the Romanian 
contract to save jobs in its nuclear industry. 
Although the existing deals provide for 
Romania gradually to absorb Canadian 
technology and eventually to build its own 
Candu reactors (paying a royalty on the 
first fifteen), the Canadian content of the 
third and fourth Cernavoda reactors, 
though less than the first two, would still 
be significant. Furthermore, after prolong- 
ed negotiations, the two sides have signed 
a third-market contract, by which (subject 
to Canadian requirements on non-prolif- 
eration), Romania would cooperate with 
Canada in selling Candu reactors to other 
countries, particularly in the socialist and 
non-aligned blocs where Romanian con- 
tacts could be particularly useful. 

Vera Rich 
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More attention for basic research? 


Brussels 

Karl-Heinz Narjes, research commissioner 
of the European Economic Community 
(EEC), seems to be edging towards a more 
balanced programme of Community 
research. At an informal meeting of 
research ministers in Rome last week, he 
urged that industrial competitiveness 
should dominate the programme to the ex- 
clusion of research in fields with fewer 
technological benefits. 

As things are, the EEC programme is 
dominated by schemes for improving Euro- 
pean competitiveness vis-à-vis the United 
States and Japan (notably the ESPRIT and 
BRITE programmes). But Narjes stressed 
last week that there are **yawning gaps" 
in agricultural research, for example, 
especially the reduction of surpluses, and 
the improvement of food quality and of 
animal production. There is no research at 
all in fisheries and aquaculture, he said. 

The interim report on the current frame- 
work programme, which will run until 
1987, also talks of a serious 1mbalance be- 
tween nuclear and non-nuclear objectives, 
and says that schemes for stimulating co- 
operation and interchange have been more 
**gradual"" than expected. 

The aim of the presentation was to start 
EEC research ministers thinking about 
their priorities for future Community re- 
search on the eve of the review of the 
framework programme, planned for the se- 
cond half of 1985. That debate will be pre- 
ceded by a comparison of national and 
Community scientific policies by the 
COPOL (Coordination of National 
Policies) group meeting in June 1985. 

The Commission's own proposals for 
future areas of research include health care 
and technology, the management of energy 
resources, training, European cooperation, 
the mobility of researchers (inside and out- 
side the Community) and the more effec- 
tive use of scientific equipment. Moreover, 
the Forecasting and Assessment in Science 
and Technology Group, whose preliminary 
conclusions are due in mid-1985, wants 
more research of an economic character in- 
to companies and services. 

Whether ministers will accept these pro- 
posals will depend not least on what they 
are prepared to spend on research out of 
the Community budget and their own re- 
sources. By March 1985, the activities of 
the current programme had cost 2,685 
million European Currency Units (ECU, | 
ECU = £0.60) out of a total of 3,750 
million ECU budgeted until 1987 — three 
per cent of the total Community budget. 
In 1984, ministers committed themselves to 
increase research funding. Both Jacques 
Delors, the president of the Commission, 
and Mr Narjes would like to see that figure 
doubled for the second framework pro- 
gramme covering 1988-1991/92. 

The meeting in Rome also gave ministers 








a foretaste of the agenda for the formal 
EEC research council scheduled for 4 June 
in Luxembourg. 

@ Telecommunications research. The 
European Commission is keen to get a 
speedy decision on its proposals for re- 
search in advanced communications in 
Europe (RJCE, see Nature 314, 209; 1985) 
but the United Kingdom, France and West 
Germany are sceptical, asking for a clear 
definition before embaking on research. 
€ Tritium-handling laboratory. To sup- 
port the thermonuclear fusion programme, 
EEC has agreed to build a laboratory at the 
Joint Research Centre at Ispra in Italy, but 
Britam and France continue to doubt its 
siting and timeliness, given that the Next 
European Torus (NET), for which the 
tritium would be needed, will not be ready 





until the 1990s, and that the site for that 
machine has not yet been chosen. 

ө European Synchrotron Facility. In ex- 
change for its agreement to the proposed 
site at Grenoble, Denmark 1s seeking a 
marine research institute in its own country. 
ө Initiative for Research in Informatics 
applied to Society (IRIS). This proposal, 
put forward by the Italians in Rome, would 
encourage companies to develop new pro- 
ducts and social services in fields such as 
medicine and agriculture. The proposal has 
been greeted with scepticism by the United 
Kingdom, but the Commission has agreed 
to a preliminary study. 

Ministers also discussed proposals by the 
European Commission for greater control 
of state aid in the member states. Such con- 
trol over national research programmes 
would be particularly unwelcome 1n coun- 
tries such as the United Kingdom, France, 
West Germany and Italy. 

Anna Lubinska 





French research 


CNRS to concentrate resources 


THE French national research council 
(CNRS) is to devote 40 per cent of its 
resources to twenty newly defined 
"strategic objctives’’, according to the 
CNRS 5-7 year plan published last week. 
The twenty disciplines include many fun- 
damental subjects, such as nuclear and par- 
ticle physics, but these are sometimes com- 
bined in significant new associations. Thus, 
the *'sciences of the Universe’’ combine in 
one objective with particle and nuclear 
physics. Other objectives specify boundary- 
breaking explicitly, such as that named as 
“the interaction between and chemistry 
biology’’. It has long been a passion of the 
CNRS director Pierre Papon to forge uni- 
ty among the highly divided disciplines in 
France; the CNRS council seems now to 
have given him the hammer and anvil he 
needs. 

The new objectives also stress long-range 
applied science, such as Earth observation 
from satellites (in anticipation of the launch 
of the French SPOT satelhte later this 
year), process engineering, biotechnology 
and so on, but Papon said last week that 
their selection is not a threat to the basic 
sciences. Many of them, he said, are in any 
case basic science and ‘‘it is not a major 
problem to defend basic science in 
France". 

According to Papon, the real objective 
of the CNRS *'list of 20" is “to unify 
science". He says he was struck, during a 
European tour last year, by the many links 
between chemistry and biology depart- 
ments in Britain, whereas there is just one 
such department in France. Unification of 
disciplines is also more advanced in Sweden 
and Switzerland. Research in France is 
more fractured than elsewhere, though 
many modern scientific problems are 
multidisciplinary. 

Mobility, both among disciplines and 





geographically, is poor, but Papon says 
CNRS is working with the ministry of re- 
search and technology to solve many purely 
administrative and practical obstacles, such 
as finding a job for a spouse. Last year 
there was a growth of some 15 per cent in 
the number of CNRS researchers moving 
into industry for a spell of three years or 
more. This might be ‘‘slow progress", but 
there is a ‘‘psychological problem” said 
Papon. Last year, one in two hundred 
CNRS staff made a move to industry. ‘‘It 
would be nice to double the figure.” 
Robert Walgate 


Areas of research 


THE research areas that CNRS will now 
emphasize are: 

@ The universe, atomic nucleus and 
elementary particles (some of the costs of 
these disciplines are borne outside CNRS). 
e Mathematics. : 
ө Optics. 

e Materials sciences. 

e Filiére électronique (science applied to 
the microelectronics industry). 

Plasma physics and nuclear fusion. 
Energy and thermodynamics. 

Process engineering. 

New methods in earth sciences. 
Dynamics of the ocean systems. 
Remote sensing. 

Continental water. 

Understanding chemical reactions. 
Chemistry-biology interaction. 
Biotechnology. 

Neurosciences. 

Sciences of evolution. 

Sciences of communication. 
Employment, work and technology. 
Urbanism, architecture and society. 
Large scientific equipment. 





UNIDO biotechnology 





NEWS 


Twinned-centre jumps legal gun 


New Dellu 

DESPITE legal and other hurdles, the 
United Nations Industrial Development 
Organization (UNIDO) 15 trying hard to 
put its International Centre for Genetic 
Engineering and Biotechnology (ICGEB) 
on an operational footing this year. The 
sixth meeting of the ICGEB preparatory 
committee held last month in New Delhi 
has decided to launch the centre's scientific 
activities without waiting for the ratifi- 
cation of the ICGEB statutes by member 
countries 

So far, 36 nations have agreed to be 
members of the first international 
biotechnology centre, but only Iraq has 
ratified the statutes. Mr Adolfo Teylhar- 
dat of Venezuela, chairman of the 
preparatory committee, says the statutes 
must be ratified by at least 24 countries 
before ICGEB becomes a legal entity 

UNIDO mooted the 1dea of the centre 
in 1981 with the aim of bringing the 
benefits of biotechnology to bear on pro- 
blems unique to the developing world. By 
a decision in 1984, ICGEB is to have two 
components, one located in New Delhi and 
the other 1n Trieste, Italy. The host coun- 
tries have yet to ratify the statutes and 
finalize the agreements with ICGEB. 

These legal hurdles are not expected to 
hold up the activities of the centre. The 
New Delhi meeting, attended by 25 coun- 
tries, decided formally to begin the centre's 
work with a workshop on plant biotech- 
nology in New Delhi in September. This 
will be followed by another workshop at 
Trieste on a topic yet to be decided. 

In establishing ICGEB, UNIDO is being 
guided by an panel of eminent scientific ad- 
visers (PSA). One of the panel’s sugges- 
tions, based on the experience of the Salk 
Institute in the United States, was to hire 
between five and ten distinguished scien- 
tists 10 serve as non-resident members of 
the faculty of the centre This suggestion, 
though on the agenda, was not followed up 
at the New Delhi meeting. Nor was any 
decision taken on the selection of a direc- 
tor for the centre. Taylhardat said that 
ICGEB 15 looking for a single director for 
its two components who would be ''a scien- 
ust of world repute with managerial ex- 
perience” Selection has been deferred until 
the neat meeting of the preparatory com- 
mittee in Havana in November. 

A major recommendation of PSA is that 
excellence and not nationality should be the 
basis for selection of the director and other 
senior staff, who need not necesarily be 
from member countries. Except for Greece, 
Italy and Spain, most of the ICGEB 
members are developing countries with Iit- 
tle infrastructure or trained manpower for 
genetic engineering research. For this 
reason, most of the staff is initially ex- 
pected to be from developed nations. 

The ICGEB statutes provide certain im- 


mumty and privileges to internationally 
recruited staff that will not be available to 
the locally recruited scientists. This, 
together with the proposed discriminatory 
salary packages ($50,000 and above for in- 
ternational staff) may create problems, In- 
dian scientists fear. India has made it clear 
that its contributions to the centre in New 
Delhi would not cover the salaries of such 
international staff members, the cost of 
which will be met with funds from Italy. 

Although no countries except the hosts 
have pledged funds, UNIDO says the 
operation of ICGEB for its first 30 months 
1s assured by offers of a total $24 million 
by India and Italy. ICGEB's operational 
cost for the first five years is estimated at 
$47.8 million. It is hoped that the balance 
will be covered by initial and yearly con- 
tributions from members and others. 
Laboratory facilities are yet to be set up in 
Trieste or New Delhi. India has allocated 
$4.3 million for 1985-86 for permanent 
facilities on 25 acres of land and temporary 
laboratory space in the Jawaharlal Nehru 
University. 
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Under existing arrangements, the New 
Delhi component of ICGEB will conduct 
research on biotechnology applied to 
agriculture, human and animal health 
whereas the Trieste half will focus on in- 
dustrial microbiology — the conversion of 
biomass into fuel, bio-recovery of 
hydrocarbons and protein engineering. 
Trieste will have full facilities for develop- 
ing industrially viable technologies based 
on genetically manufactured organisms, for 
scaling up technologies developed in New 
Delhi and a central computer facility. 

By the time the centre reaches full 
operating capacity, each site will have a 
team of 30 scientists, 20 postdoctoral 
fellows, 30 technicians and 30 trainees from 
developing countries. According to 
Taylhardat, it will serve as an international 
channel for the flow of information on bio- 
technology from industrialized to develop- 
ing nations. A gene bank containing genetic 
stocks and information is also planned. 

Taylhardat said that ICGEB will also be 
the centre of a network of affiliated 
regional and national research institutes for 
biotechnology research. The New Delhi 
meeting considered requests for affiliation 
Status from ten countries, including Egypt 
and China K.S. Jayaraman 





US science budget 


Deficit-cutting means freeze 


Washington 

RESEARCH is unlikely to emerge unscath- 
ed from Congress’s efforts to reduce the 
federal budget deficit despite its relatively 
privileged position in the Reagan ad- 
ministration’s list of priorities. The Senate 
is considering proposals to hold spending 
on various scientific and space programmes 
at 1985 levels. The agencies affected include 
the National Science Foundation (NSF), 
the National Aeronautics and Space Ad- 
ministration (NASA) and the Department 
of Energy. The House of Representatives, 
for its part, has refused to authorize the ad- 
ministration's proposed 4.4 per cent budget 
increase for NSF. Earlier this month, the 
House of Representatives similarly refus- 
ed to authorize an increase for NASA (see 
Nature 11 April, p.488). 

The proposal before the Senate to freeze 
spending on general scientific and space 
research, known as function 250, is part of 
the deficit-reduction package agreed last 
month between Senate Republican leaders 
and the White House, which was still be- 
ing debated last week. Were the package 
to be adopted by the full Senate, it would 
become politically almost impossible for 
Senate committees to authorize budget in- 
creases for scientific agencies 

The House action in freezing NSF's 
budget would keep the authorization at 
$1,501 8 million. The $67.6 million saved 
would come from research ($58.3 million) 
and from the US Antarctic programme 
($9.3 million). The House Science and 
Technology Committee had earlier recom- 


mended going along with the President's 
proposed budget of $1,569.4 million, but 
during the debate in the House, commit- 
tee members offered the cut, which was 
accepted by a large majority. 

The House bill (HR 1210) would also 
transfer to the director of NSF the auth- 
ority to appoint assistant directors. In the 
past, there have been long delays in filling 
these posts because of the requirements that 
assistant directors be appointed by the 
President and then confirmed by the 
Senate. The bill also enjoins the NSF to 
place **emphasis'" on acid rain research. 
The Senate has not yet voted on the NSF 
budget authorization, but the Commerce 
Committee, one of two Senate commuttees 
vying for jurisdiction over the foundation, 
last week recommended a budget increase 
broadly їп line with the administration's re- 
quest. The Labor and Human Resources 
Committee will tackle the NSF budget later 
this month, after which the Senate will 
vote; a conference committee to resolve 
differences with the House 1s likely. 

Arguments in the authonzation com- 
mittee are partly political posturing, as и 
is the appropriations committees that final- 
ly decide what money goes where. The 
Senate has been unable to pass an NSF 
authorization bill for the past four years, 
and few have missed it; 1f, however, such 
a bill were passed by both Houses that im- 
plied a budget freeze, it would be technical- 
ly difficult and politically risky for the ap- 
propriations committees to fund a budget 
Increase. Tim Beardsley 
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Australian science 


NEWS 


Plans laid for new lobby 


Canberra 

AUSTRALIAN Scientists and technologists 
have taken the first step towards the for- 
mation of their own-national lobby group, 
to take its place alongside the others 
crowding the political landscape. Almost 
every Other interest group seems to have a 
lobbying arm. But Australian scientists, 
although producing two per cent of the 
world’s published scientific literature from 
a population base comprising less than one- 
half of one per cent of the total, have only 
now realized that a performance-enhanced 
mousetrap, say, will not automatically be 
taken up by industry, or even recognized 
by the media, let alone by politicians. This 
is why, with a few notable exceptions, 
scientists are a fugitive breed in Australia, 
misunderstood when not actually invisible. 
Last week's nucleation at a meeting in the 
Australian Academy of Science of a body 
to lobby government and spread the good 
word generally may help to rectify the 
situation. 

The spur has been the August 1984 
federal budget, in which publicly supported 
science was cut back by five per cent. With 
recruiting among academics and in the 
Commonwealth Scientific and Industrial 
Research Organization (CSIRO) already at 
a standstill, it began to look as if even scien- 
tists holding permanent jobs would have 
their research hindered. An ad hoc group 
of eight scientific societies expressed dis- 
quiet about the cuts. The Academy of 
Science established a 16-member National 
Committee for the Promotion of Science 
and Technology under the chairmanship of 
Professor Max Bennett, a neurobiologist 
from the University of Sydney. 

The immediate outcome was the Na- 
tional Meeting of Concern on Science and 
Technology at which the elected leaders of 
68 scientific and industrial societies and two 
academies representing about 80,000 
members voted to elect an interim feder- 
ation committee. That committee's first 
task is to explore the setting up of two 
secretariats, one of which will be a small 
professional lobbying group based in 
Canberra to facilitate communication be- 
tween government and the scientific com- 
munity, especially at budget time. 

The other committee (probably based in 
Sydney), will provide a science and 
technology information service modelled 
on the Media Resource Service of the US 
Scientists Institute for Public Information. 
Through it, people in the news media, 
education and politics throughout Australia 
would be put in touch with experts for com- 
ment on scientific matters. The twelve- 
member interim committee, under the 
chairmanship of Professor Fred Smith, a 
physicist at Monash University, is due to 
report in six months. 

A mood of optimism pervaded the 
meeting, but there were objections that 











political consensus may be difficult to 
achieve between academic, CSIRO and in- 
dustrial scientists, particularly because the 
specialist societies (some with their own 
lobbying apparatus) differ greatly in size. 

The federal Minister for Industry, 
Technology and Commerce, Senator John 
Button, said that, although he welcomed 
the possibility of discussions with such 
widely representative groups, not all basic 
research could be convincingly sold as seed 
corn for the future. In the interests of in- 
dustrial restructuring, he said, public finan- 
cing ‘‘may not be just where you are used 
to it being”. 

The Minister for Science, Mr Barry 
Jones, was absent from Australia during 
the meeting, but in February this year 





something was salvaged from the 1984 
budget wreck in the form of one of his 
favourite projects — the Commission for 
the Future. 

The aim of the new body is also to raise 
public awareness and debate about science 
and technology, especially about the ways 
in which technological change will affect 
the lives of ordinary people, and the choices 
they must make in education and employ- 
ment. The commission is headed by Mr 
Philip Adams, an advertising executive and 
all-round pundit, who is an old friend of 
Mr Jones. 

The scene is set, then, for the emergence 
of science (and some scientists) from the 
shadows where they have languished 
politically for so long. Noting how badly 
the job of advocacy has been done in the 
past, Professor Smith says that, realisti- 
lly, a major impact may not be felt for five 
years. Jeffrey Sellar 





Famine 


Remedy not by bread alone 


Anaheim, California 

THE more equitable distribution of 
available food supplies is not, by itself, the 
best way of avoiding famine. This is what 
a gathering of biologists was repeatedly told 
last week. And so it is a matter of urgency 
that biologists should pay more attention 
to the prediction, the causes of onset and 
the prevention of famine. 

Organized by Dr Barry Bloom of the 
Albert Einstein College of Medicine, the 
symposium was belatedly and exceptionally 
tagged onto the 300 or so sessions already 
jamming the programme of this year's 
meeting in Anaheim of the Federation of 
American Societies for Experimental 
Biology (FASEB). Bloom, an immuno- 
logist with a special interest in leprosy, was 
prompted to organize the symposium by 
the present African famines. ‘‘We have 
learned so few lessons’’, he says, ‘‘that each 
new catastrophe tends to repeat some of the 
classic errors from the past." 

One priority m research should be to 
develop criteria for predicting famines in 
time to prevent them. ‘“‘In most circum- 
stances, one 15 likely to have one group of 
people politically or emotionally interested 
in asserting that the situation is worse than 
it is and another arguing the opposite", 
says Bloom. 

That theme was taken up by John Mellor 
of the International Food Policy Research 
Institute in Washington, DC, who argued 
that if more famine-prone countries had 
democratic governments and a free press, 
we might learn of problems in time to pre- 
vent them. Foreign aid must be channell- 
ed into transportation systems so that food 
ca be distributed, he said, and into the 
training of an elite of agricultural person- 
nel. The priority for scientific research 
should be the mounting of a green revolu- 
tion in Africa. 

Although confident that scientists could 





produce the means for such a revolution, 
Dr Robert Goldman, of the plant biotech- 
nology company Calgene, wondered if it 
would be put into effect. The science that 
fuelled the green revolution that saved In- 
dia and Mexico from famine was developed 
in the public sector and applied without 
profit, Now that the impetus for plant 
improvement has passed to the private sec- 
tor, particularly agricultural biotechnology 
companies, the developing countries may 
be less able to win benefits. 

Famine is, in any case, the end result of 
a chronic condition of malnutrition. Eight 
hundred million people worldwide are 
calory-deficient, and ‘‘it seems likely that 
whole societies have been forced to adapt 
to this", says Dr Neville Scrimshaw of the 
Massachusetts. Institute of Technology. 
Adaptation means reducing physical ac- 
tivity, which can have severe social conse- 
quences. Less obvious deficiences of iron, 
vitamin A and iodine are widespread, 
debilitating and make people more prone 
to infections which, in turn, can exacerbate 
malnutrition. 

The downward spiral that ends in famine 
is best broken by immunology, 1n the opi- 
nion of Stephen Joseph of UNICEF, Call- 
ing for more research into both vaccine 
development and the inter-relationship be- 
tween immunity, nutrition, infection and 
growth, he said that scientific research must 
go hand in hand with improved manage- 
ment of preventive programmes and bet- 
ter education of those who should benefit. 

After the symposium, Dr Bloom com- 
plained that no more than 200 people had 
attended. Up to 15,000 people were ex- 
pected to register for FASEB, and although 
the famine symposium was held the even- 
ing before the full meeting got under way, 
2,000 people turned up next day at a lec- 
ture on the molecules involved in lym- 
phocyte activation. Peter Newmark 
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NEWS 


Undesirable import to Japan 


Tokyo 

WITH Japan under pressure to increase 
imports of US goods, it is ironical that one 
product Japan imports freely from the 
United States may have brought acquired 
immune deficiency syndrome (AIDS). Ac- 
cording to last month's Taisha, the 
Japanese medical journal, two now-dead 
Japanese haemophiliacs were killed by 
AIDS, probably by infected blood plasma, 
almost certainly imported from the United 
States. 

One of the victims, aged 48, died in July 
1983 and the other in November last year, 
aged 62. The victims, the first from AIDS 
in Japan, showed an extraordinary loss of 
immunity, and the presence of antibodies 
to the virus HTLV-II has been confirmed. 

No cases of AIDS have yet been reported 
among Japan's homosexual community, 
but a confirmed Japanese homosexual now 
living in the United States who returned to 
Japan in mid-January was diagnosed as an 
AIDS sufferer. The AIDS Research and 
Study Committee of the Health and Wel- 
fare Ministry says there is little chance that 
the man infected others in Japan. 

The emergence of AIDS cases among 
Japanese haemophiliacs seems to be attri- 
butable to Japan's almost insatiable 
demand for US blood plasma. Despite one 
of the highest rates of blood donation in 
the world, Japan depends on the United 
States for nearly 90 per cent of the plasma 
it consumes, amounting to 300,000 litres a 
year. Demand for plasma-protein fractions 
and blood-component preparations is 
rising, for the latter by 15 per cent a year. 

So why is Japan so dependent on blood 
plasma imports when there were more than 
eight million blood donations last year? 
Officials at the Health and Welfare 
Ministry explain that donors in Japan give 
only 200 ml of blood on each occasion, 
compared with about 400 ml in other 
countries. But a Japan Red Cross official 
says that in the United States in 1982, just 
under six million donations of about 450 
ml were made, suggesting that per capita 
blood donation in the two countries is 
similar. 

Dependency on blood imports is in part 
a legacy of the system before 1982. Blood 
donations were then saved almost 
exclusively for the use of the donor himself, 
who would resist the idea of volunteering 
blood for others, probably for the reasons 
that also make Japanese reluctant to donate 
organs for transplant (see Nature 313, 338; 
1985). 

The Health and Welfare Ministry's 
planned solution of this vexing problem is 
threefold. First, Japanese donors will be 
asked to donate 400 ml instead of the 
present 200 ml. Second, plasmaphoresis, 
which separates the plasma and returns red 
cells to the donor, will be more widely used. 
Third, doctors will be asked to avoid un- 








necessary wastage of plasma. In the mean- 
time, however, imports will continue and 
there are no plans to screen imported blood 
for AIDS. 

All of this must provide small comfort 
for Japan's haemophiliacs. The article in 
Taisha even reports that the blood of 23 out 
of a random sample of 50 Japanese haemo- 
philiacs contained antibodies to the virus 
HTLV-III, which suggests that a large pro- 
portion of Japan's 5,000 haemophiliacs 
may have already been exposed. 

Even if imports stopped, there would be 





another danger. Drs Kazuo Ohkouchi and 
Hiroyuki Sato of Kyushu University in 
southern Japan have now shown that the 
virus HTLV-I, which causes adult T-cell 
leukaemia (ATL), can be transmutted by 
blood transfusion. ATL is endemic in 
southern Japan, where approximately 
20,000 carriers are found among blood 
donors each year. Dr R.C. Gallo, chief of 
the tumour cell laboratory at the US 
National Cancer Institute, has even 
suggested that an AIDS-like epidemic of 
ATL may be imminent. Clearly, the 
management of blood supplies in Japan is 
a matter that in future will come under 
increasing scrutiny by the eyes of the world. 

David Swinbanks 





ESA, Japan agree on participation 
in planned US space station 


EUROPE formally agreed last week to join 
the United States in the development of a 
space station, but details such as who 
spends how much on what remain to be 
decided. The European Space Agency 
(ESA) will now sign a memorandum of 
understanding with the National 
Aeronautics and Space Administration 
(NASA) which requires that the design of 
the space station, with costs and com- 
mitments, must be ready by the end of 
1986. This phase of the work will cost ESA 
$65 million. 

NASA has already signed a similar agree- 
ment with Canada, which aims to provide 
robot-servicing equipment at a cost of some 
hundreds of millions of dollars, and is due 
to sign another with Japan this month (see 
above). 

The European contribution may finally 
be some $2,000 million, which should buy 
a pressurized module that could be used as 
a manned laboratory (called Columbus), a 
number of free-flying payload carriers for 
both low-inclination and polar orbits, a ser- 
vicing vehicle and a resources module that 
could provide both the pressurized module 
and the payload carriers with electric 
power, cooling and stabilizing systems. 

These housekeeping elements have 

been included in ESA’s plan at French in- 

sistence, and would enable the European 
modules to fly separately from the US 
space station if necessary, although (for the 
moment) Europe would still have to rely 
on the US space shuttle to put its astronauts 
into orbit. France, however, has plans for 
a mini-shuttle (Hermes) and in Britain, 
British Aerospace has described the concept 
of a horizontal take-off and landing 
spacecraft (HOTOL). Either of these could 
ultimately provide people with independent 
access to space. 

There are more immediate issues still to 
be resolved. US fears that technologies 
transferred to Europe would leak to the 
Soviet Union engender corresponding 
European fears about access to US science, 
technology and data. There are also the 
issues of who pays the still unknown 





maintenance and running costs of the sta- 
tion, the legal framework for deciding pa- 
tent rights arising from work on the station 
and the management and decision-making 
structure of the enterprise. 

Robert Walgate 


Tokyo 

JAPAN has decided to take part in the US 
project to build a manned space station. 
James Beggs, head of the US National 
Aeronautics Space Administration 
(NASA), who has made earlier tríps to 
Japan to promote the space station, will 
return to Tokyo for the signing on 9 May 
of an agreement between NASA and 
Japan's Science and Technology Agency 
(STA). 

The initial agreement will cover a two- 
year period of design work and will pro- 
vide Japan with technical information on 
the space station. STA is refusing to release 
details of the budget until after the sign- 
ing, but it is known that some 1,400 million 
yen ($5.6 million) has been earmarked for 
the project in this year's budget. 

Informally, a consensus seems to have 
been reached that Japan should take the 
opportunity to master new technology and 
build one whole experimental module of 
the space station. A subcommittee of 
STA’s Space Development Committee has 
recommended that it consist of three parts: 
a pressurized cabin ten metres long and 
four metres in diameter for use in experi- 
ments on new materials and new pharma- 
ceuticals more easily produced in gravity- 
free conditions, a service platform for 
testing of telecommunications equipment 
in outer space and a storage cabin. Total 
design and construction expenses are like- 
ly to exceed Y200-300 thousand million 
million ($800 million). 

Industry has already expressed consider- 
able interest in the space station and several 
large corporations, including Mitsubishi, 
Mitsui, Sumitomo and Fuyo, are now 
merging their respective study groups to 
find the best way to win commercial ad- 
vantage from the station. Alun Anderson 


NEWS- 





Popularization 





Royal Society asks for more 


“THE Royal Society, the: premier British 
‘Scientific society, is to be given a hefty 
udge towards the. popularization of 
Science, to judge by a meeting on the 
‘public understanding of science’’ held 
under the auspices of the British Associa- 
tion for the Advancement of Science in 
“London on Monday. 
-The meeting was convened by Sir Hans 
Kornberg, British Association president, to 


provide a debating forum for the Royal 


Society ad hoc committee on public 
understanding. And while many old 
uts were brought out on Monday and 
roasted, Dr Walter Bodmer, chairman 
he Royal Society committee, used the 
ccasion to. demonstrate his committee's 
etermination that its work. would not 
: gather dust on any shelf. 

Тһе need is certainly great. In Britain, 
on the whole, there is little sign of a scien- 
tific lobby, nor of any determined. effort 
by the universities or research councils to 
, educate or even entertain the public in 
science. Bodmer and his committee wish 
this situation to: change, arid by starting at 

e Royal Society, traditionally a somewhat 
austere institution whose motto is “nullus 
in verba” (nothing in words) they are cer- 
tainly taking the bull by the horns. Dr 
Bodmer hoped the Royal could provide a 
lead which others could follow. 


Animal experimentation 





During Monday's meeting, Dr Bodmer, 
director of the Imperial Cancer Research 
Fund, received support from many quarters 


both in the media and in government. Sir 


Robin Nicholson, chief scientist in the 
Cabinet Office, claimed it is now almost 
impossible to find a political issue without 
scientific or technical content, and that ‘‘90 
per cent of his time” is used in advising 
government on these matters (and only.10 
per cent on science itself). Science and 
technology are now central to many foreign 
policy issues, said Sir Robin, in the way 
that international trade took centre stage 
25 years ago. But “‘the attention span grows 
shorter as one gets older’’ so now cabinet 
ministers can only cope with five-minute 


briefings or three pages of A4. The same 


is true of leaders of industry. But scientists, 


for good reasons, are trained to write in ex- | 


tenso and giving equal weight to many 
ideas. This is completely at odds with what 
is needed in government, or in the press. 

Dr Bodmer was keen to affirm that he 
would like the Royal to play an active role 
in getting scientists to approach the media. 
A member of the science advisory panel to 
the British Broadcasting Corporation 
(which, incidentally, reckons it shows four 
times as many science hours in proportion 
to output as does US television ), Bodmer 
is also taking seriously advice to expand the 


Iternatives neglected 


ї Washington 
A STUDY of animal experimentation by the 
National Academy of Sciences* suggests 
that. institutional barriers within the 
biomedical community in general and the 
National Institutes of Health (NIH) in par- 
ticular may discourage researchers from 

< developing models of human disease and 
physiology. based on non-mammalian 
organisms. The study, which was commis- 
‘sioned by NIH, does not directly criticize 
NIH's funding patterns; it does, however, 
recommend that the agency should support 
good research ''without taxonomic or 
phylogenetic bias’ and consider directing 


funds specifically to the development of | 


promising model systems. Harold 
Morowitz of Yale University, chairman of 
the study, said there is “anecdotal evidence 


that it is difficult for people working on un- | 


conventional models to get funding". The 
natural bias has been in favour of using 
organisms closest to man, he said; un- 
conventional proposals submitted to NIH 
for support do not usually fit into the man- 
date of any of the standard study sections, 
апа are reviewed by ad hoc committees that 

are not always sympathetic. 
' Morowitz said that researchers working 


MM i trt 
*Models for. Biomedical Research, National Academy Press, 





in unconventional systems often report that 
they managed to get started only by ‘“‘boot- 
legging’’ funds from other more conven- 
tional research projects. 

The study notes that as biological 


understanding shifts more and more to the ! 


molecular level, increasingly the best model 
for human disease and physiology is not a 
closely related whole organism that displays 
a similar macroscopic feature; rather it is 
often many organisms, each an analogue 
of a fundamental biological principle in- 


j volved. One example cited in the study is 
| research on the human disease myasthenia 


gravis, a neuromuscular disorder. Six dif- 
ferent animal models have been used to 
discover its cause: an autoimmune attack 
on acetylcholine receptors at neuro- 
muscular junctions. Studies on chick mus- 
cle cells in culture showed that a snake 
venom binds specifically to these receptors; 
the venom was then used to demonstrate 
that patients had a striking shortage of 


| receptors. A cobra neurotexin that blocks 


the receptors was administered to rats to 
see if a shortage of receptors could explain 
the observed disease symptoms. And to see 
if an autoimmune response could be involv- 


ed, rabbits were immunized wth receptor | 


cells isolated from invertebrate species. 
Stephen Budiansky 





Royal Society’s programme оѓ. scien е 


| briefings, to institute rapid. press соп 


ferences on scientific issues behind andin 
the news, to run deeper, “background 
seminars on scientific matters, and to pro 
duce detailed condensed. briefin: 
documents for journalists. 

Оп a warning from Sir James Gowans 
chairman of the Medical Research Coun. 
cil, that such exercises cost money an 
а lot of time, Dr Bodmer said he 
the Royal Society would be able: 
packing “Gf not. from REM | 


months’ time. 


Big dece, race 


Washington 


: The universities have not yet identified 


| the private sponsors who they hop 


supply most of the capital cost of the in- 
strument. Both universities have, however 
recently launched large fund-raising e 
forts, with a target of $100 million at 
Arizona and $250 million at Ohio. Astron- 


| omers at both universities are confide 
| that the money will-be found. - 


The telescope, which. would also operate 
at infrared wavelengths, will have compu 
links allowing it to be operated. remotely 
from both Arizona and Ohio. The m 
or mirrors will be made using a technique 
developed by Roger Angel at Arizona 
Nature 295, 651; 1982) in which mirr ) 
honeycomb structure аге spun-cast ‘into 
parabolic shape. A new computer-actuated | 


lap allows very deep dishes to be polished 


with a focal ratio of /1, so that telescopes 
can be built that are much smaller and. 
cheaper than hitherto. A 1.8-metre mirror 
made recently using the new technique 
**came out beautifully", according to Dr 


Angel. Preliminary design work on the new 


telescope is due to start later this year; con- 
struction might take a further four years. 
Tim Beardsley 
















SIR — Your leading article of 7 March (p.1) 
с deals with policies for UK science, in- 
: cluding astronomy, in the context of fixed 
or declining resources. You say: 
©з, one, or the other, or perhaps both 
the observatories must go .. .". You 
suggest that the ''good work these 
laboratories do... . could be transferred 
intact to universities". Another problem is 
that experimental facilities have become 
itutionalized"". 
‘I suggest that a contract-based labora- 
ory might be set up in the general subject 
rea of physical technology, of which 
stronomical technology would be part. It 
‘ould absorb some staff and property of 
Royal Greenwich Observatory and the 
yal Observatory, Edinburgh. It should 
probably not absorb the Nautical Almanac 
Office and historical collections of the 
servatories, which need limited re- 
ces and could continue independently. 
is suggestion is intended to be more 
eaching than simply merging the ob- 
vatories. The organization is not going 
о be a literal observatory because the rele- 
'vantinstruments are overseas. It is more of 
à research and development organization, 
design office and a workshop. Although 
ach a new laboratory would start by work- 
on instruments for astronomy, that 
e only one of its jobs. There seems 
be gained from total specialization. 
zim would be to add versatility and 
ersity contacts and to give the estab- 
ent. responsibility for its own fate. 
atility in the face of change is relevant 
resent circumstances. There could be 
y other gains. Developments in one 
rea of technology such as astronomical in- 
| mentation need inputs from other sub- 
ts and in turn ought to be generally 
lisseminated. — that process would also be 
"helped. A vigorous working environment is 
foreseeable. 
- The question must be asked: would such 
laboratory take money or talent needed 
elsewhere? The answer must liein the way it 
js run. Its income would not be unfair if it 
: was gained by offering a service that could 
refused. Such operations would be bas- 
n contracts. 
For а new laboratory, the foundation 
elf could take the form of a contract or 
reement: between the Department of 
ucation and Science and the manage- 
ment authority, which could be a universi- 
A notable example is the vast Jet Pro- 
pulsion Laboratory in Pasadena, which is 
anaged by the California Institute of 
echnology ona contract. To maintain the 
“service principle, the foundation agree- 
ment itself should not provide much ofthe 
running expenses for technology. The 
"foundation could reasonably support some 
&cientists. The research councils should 
probably not be legally involved in the 






foundation asthe laboratory would be one | ed the fulfilment of this decision. 


. of their contractors. 


nging the objectives 
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It should be appreciated that the observ- 
atories' research astronomers are few іп 
number ànd their continued support is not 
a problem that can relevantly be compared 
with that of providing and operating the 
larger research facilities which are basically 
for universities. The practice of astronomy 
has been the attractive feature of the 
Observatories for many staff who have | 
eventually worked in technology. The total 
contribution of the observatories’ astro- 
nomers to the provision of facilities, as well 
as to the provision of fundamental data 
and to research programmes, is such that | 
they can surely be included in the 
framework proposed. Some posts would 
be part of the foundation agreement, some 
would be Science and Engineering Re- 
search Council (SERC) fellowships applied 
for in the usual way, some posts including 
direct responsibility for instrumentation | 
would be supported by contracts. It would 
be open to the organization to use any net 
income to employ extra scientists. 

Such a laboratory would be clearly dis- 
tinguishable from others. The differences 
would be in the combination of the univer- 
sity connection, contract operation, flex- 
ibility in the type of work, the laboratory | 
and the university together seeking work | 


Plight of refusniks 


SIR — Ten years ago, on 12 March 1975, 
my family applied for exit visas from the 
Soviet Union for the first time. I was im- 
mediately removed from my position in the 
mathemetical department of the Institute 
for Chemical Physics of the Academy of 
Sciences of the USSR. At the same time, a 
total boycott was organized against my 
family in the scientific centre of the | 
academy in Chernogolovka. 

For ten years I have been prohibited | 
from attending seminars, conferences and | 
symposia. Correspondence from abroad is 
not delivered to me. I do not receive scien- 
tific journals, including those of the 
American Physical Society and the 
American Mathematical Society. The 
Academy of Sciences presses my foreign 
colleagues to abandon attempts to meet me 
and then to take part in the scientific 
boycott against me. | 

For ten years we have been stubbornly | 
making efforts to get exit visas. In 1979, 
representatives of the academy, academi- 
cian N. Emanuel, Academician N. 
Semenov and others, officially stated that 
the academy had no objections to my de- | 
parture, and we were informed that the 
Soviet leaders had made an official deci- 
sion to give our family exit visas. But this 
decision has not been implemented. 

My numerous meetings with the general 
secretary of the academy, Academician G. 
Scrjabin, showed that the academy block- 





| 





The situation has abruptly become worse 


and the origin ono 
(mainly optics, detectors, com 
mechanical engineering)... 
The operation of existing 
facilities and building of new ones would be 
on the basis of a number of separate long or 
short-term contracts. Scientists requiring 
such work would probably act through 
SERC, using either a grant or a direct con- 
tract from the council for. common - 
facilities. Ultimately, these contracts could 
be placed or not as required and could be 
refused by the laboratory: cancellation 
would be regulated by the contract. 

The laboratory would therefore have the 
need and the opportunity to support itself 
(as distinct from subsidizing the facilities). 
This it would do by seeking government 
and commercial work which should not be 
circumscribed. The laboratory could sell its 
services, software and the rights to its in- 
ventions. 

From the scientists’ point of view, much |. 
would depend on the continuing goodwill 
of the managing university. Success would 
dependon the local management and staff, 
and sanctions would be available through 
the contracts. 
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after negotiations between the Academy of 
Sciences of the USSR and. the National’ 
Academy of Sciences of the United States 
Academician Scrjabin and Academician · 
Yu. Ovchinnikov, a vice president of the 
academy, immediately refused to discuss 
my problem with me. And Academician E. 
Velikhov, another vice president of the 
academy, refused even to speak with me. 

SOLOMONAL'BER .' 
Moscow, Soviet Union. : 





Abstract policy 


SIR — In regard to the previous correspon- 
dence on the abstract policy of the Bio- 
sciences Information Service (BIOSIS) (H. 
E. Kennedy, Nature 310,96; 1984), [would 
agree with those favouring their inclusion. 
I would point out, however, that the only 
thing worse than no abstract is a reference 
to one when there is no obvious way of ob- 
taining a copy. BIOSIS apparently does 
not intend to offer OATS (original article 
tear-sheet service) as does the Chemical 
Abtracts Service. 

Would it be too much to ask that some 
record be provided as to which libraries 
hold these abstract volumes іп а manner 
similar to CASSI (Chemical AbstractsSer- ..- 
vice Source Index) or that they be deposited 
in the British Library LendingDivisionora =- 
library which reports its holdings to the . 
Online Computer Library Center? LES 

DANA L. ROTH ~ 
Science and Engineering Libraries, 
California Institute of Technology, 
Pasadena, California 91125, USA 











Hannover А 

ALMOST as à matter of principle of general 
applicability; most people agree that it is 
< wrong to throw out the baby with the 
;. bathwater, an image that no doubt derives 
; from the time when baths were movable 
and plumbing for carrying away waste 
water had not been developed. The diffi- 
culty in most interesting cases is to know 
which is which. That may be one of the 
reasons why British universities have for so 
Лопе felt so. threatened by the British 
government's mixture of exhortation and 
- incentive intended to make them contribute 
more directly to national prosperity. More 
applied research means less fundamental 
research, as in any zero-sum гате. The 
huge annual trade fair that ended here last 
k provided ample illustrations that this 
calculation is far too simple. 

One of the most unexpected features of 
this trade fair is that universities take their 
place alongside industrial companies as ex- 
hibitors, sometimes under their own steam, 
^ sometimes under the wing of the govern- 
с. ments that support them, the Lander in 
West Germany. This year, one of the most 
important shows of this kind was that pro- 
vided by the universities of North-Rhine 
; Westphalia, the regional government whose 

policy on higher education was the most ex- 
` pansionist of all when the whole of higher 
education in West Germany was growing 
rapidly fifteen or twenty years ago. Lower 
Saxony, the local Land, was also 
represented, as was Berlin, universities such 
as Heidelberg as well as a host of publicly 
i supported laboratories whose work is, in 
^ part at least, academic in character. Ага 
© guess, there would have been more than 
200. people with academic positions or 
pretensions manning stands at all times 
during the eight days of the fair. 
Why were they there? There is no secret. 
As with the strictly commercial exhibitors, 
money is the objective, either an agreement 
. with an industrial company for the com- 
mercial development of a device or such a 
powerful expression of industrial interest 
that. further funds for a research project 
‘сап be had from one of the public sources 
"Of. research support, the Deutsche 
Forschungsgemeinschaft (an all-embracing 
research council), the ministry of research 
and technology (BMFT) or, more often 
than one would guess, some other ministry. 
Theingenuity and diversity of what these 
ácademic people have had to show has been 
: compelling, which is attested by the way in 
hich the university exhibits have gener- 
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; ally been occupied with visitors engaged on 


deep discussions. (Quite often there is also 
a certain amount of socializing, as when 
people from industry try to discover what 
their ex-teachers are doing now.) Machines 
and devices predominate, computer pro- 
grams and applications come next, but 
there is also a cement of biological research, 
and of electronics applied to medicine, to 
give the show coherence. 

Diversity is also represented by the vari- 
ety of institutions with things to show. 
Some of the great universities are there, but 
so too are the technical colleges of West 
Germany (Fachhochschülen) and the more 
recent and controversial creations, the com- 
prehensive universities of. the 1960s 
(Gesamthochschülen). In interest and in- 
genuity, there has been little to distinguish 
between them. One feature of this unusual 
academic show is that the chief salesman 
(and inventor) has been a full-throated en- 
thusiast for what he has to show who can 
be diverted only with difficulty into talk- 
ing about more general questions, how his 
university is faring, or how he balances 
research and/or development with 
teaching. (The personal pronoun “һе” 
seems generally applicable.) 

The question where the idea came from 
in the first place seems to yield a great 
variety of answers. One academic inventor 
says he had returned from a previous Han- 
nover fair astonished that the great 
engineering companies had not thought of 
a way of solving a simple technical pro- 
blem. Many say their work has its roots in 
the immediate needs of a local hospital or 
industrial company. 

Showing off the product is not exhibi- 
tionism, but an attempt to put the develop- 
ment concerned on a sounder footing. The 
academic exhibitors also agree that success 
will bring them kudos back home, perhaps 
inversely to the standing of their institution. 
Although the exhibitors are necessarily a 
self-selected group, they make it seem en- 
tirely natural that showing a device should 
be a part of normal academic life. 

Like the academically inclined resear- 
chers from the West German national 
laboratories, they no doubt sense pressure 
from above to be doing something useful. 
Indeed, for the national laboratories, 
technology transfer has been this year's 
theme for the fair. Inevitably, many of 
their projects are on the grander scale. The 
surprise is that many of them are just as 
particular. Techniques for bonding metal 
and ceramic may as well be used in useful | 


Professional people do not spend time as salesmen at trade fairs each year. But there is much to be 
learned from what went on at Hannover last week. * 








domestic gadgets as, for example, n 
тописіеаг machines. But’ 
from. the national labora 
government edict may matter more 
ly, there is less enthusiasm for th 
tal applications. than for the real 
The texture of the exhibition of res 
is the biggest surprise. It is natural that i 
ventors should be enthusiasts with, occa 
sionally, an air of zealotry. Predictably, th 
things.on show range from particular 
devices to generally applicable techniqu 
The theme that holds them: all tog. 
the belief that there may be profit: n 
they have to show. І 
Everybody acknowledges that t 
a chance, but they are keen to’ be on 
as if that were sufficient in itself; at lea 
they will be able to compare their work 
that of others, or learn something. use 
from their visitors. 
The morals in this experienc 
academic communities other than. 
Germany are obvious and: widely unde 
stood. Indeed, in places such as 
everybody pays lip-service to them 
there is no necessary contradiction bel 
membership of an academic facu 
research interest which is better f 
development. 
Second, there is no way in Унів the pn 
fessional people manning these stands can. 
be distinguished from those encountered at 
quite different gatherings, conferences for 
example; perhaps this is something distinc- 
tive about West Germany, but the machine 
builders seemed refreshingly interested in 
what, say, the’ particle accelerator people 
are up to: (To university administrators, in 
any case, the only achievement that counts 
is success.) Third, even in publicly 80 
ported systems of higher education (and i 
West German system institutionalizes : 
government support for universities to a 
degree no longer allowed in Britain), extra 
funds without strings attached аге 
translated into ordinary currency а а 
higher rate. 
That industrial collaboration сап be 
rewarding and respectable is understood E 
elsewhere in Western Europe and North. 
America. (Japan is different; universities 
deal privately with industry at the outset ; 
and exhibit only their successes at even - 
grander fairs.) But while understood, there 
is a sense in which it is not believed. 
Academics who dispute that will be more 
convincing when they put themselves on 
show, at Hannover or elsewhere. 
John Maddox 
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5 from Robert M. May 


АТ nalural ‘populations contain genetic 
eS ariability. The selective forces resulting 
_ from continued application of pesticides (or 
_ herbicides or antibiotics) will therefore lead 
to the target population eventually becom- 
ing resistant. There are now several. ex- 
- amples of evolution at work in this way that 
~ have been studied in at least as much detail 
as industrial melanism in the peppered 
| m th, the standard example of microevol- 









CIES. of agricultural pests are now resis- 
unt to Де ог тоге pesticides, and this ero- 





























: аа figure is now 13 per cent. 
though the ultimate appearance of popu- 
ation-level resistance is usually inevitable, 
a variety of measures may be adopted to 
retard its appearance in particular cases. 
For an enormous range of different 
pesticides and. target organisms, the 
umber of generations taken for a signifi- 
ant degree of resistance to appear exhibits 
urprisingly small range of variation, 
ally being around 5-50 generations, 
: great variation in the underlying 
ietic mechanisms and in the intensity and 
ency of pesticide application. Conven- 
population genetics can shed light on 
observation. Suppose, to begin with, 
iat resistance involves only one locus with 
wo. : SS genotypes are крыла to 








Je degree of resistance (that is, 
Vas > Wss, Where wj is the fitness 
enotype ij in the presence of the 
pesticide; if R is completely recessive, 
5 = Wss if R is completely dominant, 
= Wpg). The resistance allele А will 
ly be at very low frequency (p,) in 
the pristine population, and under pesticide 
d pplication its frequency will at first tend 
© to- increase in the ratio Wgs/Wss from 
generation to generation’. The number of 
< generations, л, that elapse before the R 
-gene attains a frequency sufficiently large 
тө produce noticeable resistance in the 
population as а whole (p) may thus be 
estimated by compounding this fitness ratio 
until {wgs Ws)" ~ (р/ ру). 
From this very crude approximation, we 
“ean see that the number of generations 
“required for the population to evolve 
resistance depends only logarithmically on 
"fitness ratios and on p,. In other words, 
2 “the characteristic time to evolve resistance 
"indeed. depends on such quantities as p, 
(estimates of which range from 1072 to 
210713 in various circumstances according 
"fo. RT. Roush of Mississippi State Univer- 
-sity), the degree of dominance of the R 
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Evolution of pesticide resistance 


allele (usually intermediate between the ex- 
tremes of recessive and dominant), the 
strength of selection (which ranges over 
several orders of magnitude, depending on 
the management of the particular 
pest/pesticide system), and other factors. 
When logarithms are taken, however, these 
enormous ranges collapse to a factor of 
around ten separating the further extremes, 
making the roughly 5-50 - generation 'rule' 
a good deal less surprising. 

Discussion at a recent symposium* 
revolved around the interesting details and 
exceptions that make the preceding crude 
generalizations inapplicable to specific 
cases. For example, is an insect pest that 
has evolved resistance to one pesticide likely 
to be faster in evolving resistance to another 
pesticide? May mixtures of pesticides work 
better than the same pesticides used in 
sequence? Better understanding of the 
molecular biology underlying the genetics 
of resistance can help here. Faster resist- 
ance to new pesticides is clearly likely if 
they are chemically similar to old ones. Less 
obviously, as emphasized by M. Whitten 
(CSIRO, Canberra) and others, the first 
pesticide could promote selection for 
mutator genes, thus speeding the evolution 


of subsequent resistance even to chemically | 


dissimilar pesticides. 


Although much of the discussion centred | 


around the molecular biology of resistance, 
more attention to the population biology 
of resistance is also needed. G.P. 
Georghiou (University of California, River- 
side), Roush and others emphasized that 


migration from untreated to treated regions | 


by susceptible individuals represents flow 
of susceptible genes that works against 
selection for resistance. This invokes echoes 
of the grander theme of whether 
geographical isolation is necessary for 
speciation??; that is, under what cir- 
cumstances will gene flow (migration) wash 
out the selective forces (pesticide applica- 
tion) that are tending to adapt an organism 
to its local environment (evolving 
resistance)? H.N. Comins and others have 
shown that the answers depend both on the 
magnitude of migration in relation to the 
strength of selection, and on the type of 
density dependence exhibited by the pest 
population*? 

In deliberately oversimplified terms, a 
population is said to exhibit ‘perfect’ den- 
sity dependence if, following any distur- 
bance, the population tends to return to 
some constant value in the next generation. 
In contrast, if an ‘overcompensating’ 
population is perturbed below its long-term 





*National Academy of Sciences/ National Research Council in- 
ternational Symposium on Pesticide Resistance Management, 
27-29 November 1984, Washington D.C. 











average value in one generation (for-exam- 


ple. by pesticide application), it will tend 
to bounce back above this value in the next 
generation. A population with - *under- 
compensating’ density dependence will tend 
to recover steadily and monotically follow- 
ing disturbance; if depressed to low values 
by pesticide application in one generation, 
such populations will tend still to be lower 
than usual in the next generation. When 
these considerations of. population 
dynamics are added to selection and gene . 


flow, it is concluded that — other things ©. 
being equal — pést populations with över- — 
compensating density dependence will tend - 


to evolve pesticide resistance faster han. 


ones with ‘perfect’ density dependence, © 


because the migration of susceptible genes. 
into the overcompensated population that 
follows pesticide application has less effect 
than would be the case under ‘perfect’ den- 
sity dependence*. Conversely, if the pest 


population exhibits undercompensating ' m 


density dependence, the resistance-slowing : 
effects of migration from untreated regions 
will be relatively more significant’. | 


In practice, the weather and other еп- 
vironmental factors often superimpose 


density-independent fluctuations that mask 
the density-dependent effects, at least in the 
short run; for this and other reasons, 
analyses that characterize. the degree of 
overcompensation or undercompensation : 
of particular insect populations are mor 
easily carried out for laboratory. than for- 
field populations. However, whereas most. 
field populations for which good data аге 
available appear to exhibit  undercom 
pensating density dependence (among the 
exceptions, the most pronounced is the Col- 
orado potato beetle, which is notorious for 
the speed. with which it has developed 
resistance to a wide range of pesticides), the 
majority of laboratory populations show. 
marked overcompensation®!°, -The dif- 
ference, which probably derives from the 
many natural mortality factors that are 
seldom present in the laboratory, under- 
lines the need for caution in extrapolating 
laboratory studies of the evolution of 
resistance into a field setting. 
The propensity for pest species to evolve 
resistance more quickly than’ do: their 
natural enemies has often been remarked, 


and creates obvious problems. Buildingon © - 


earlier work by Croft and others!!”, B.E. 
Tabashnik (University of Hawaii) surveyed 
two possible explanations. The first is that . 





phytophagous insects has preadapted the 
insects to the rapid evolution of detoxify- 
ing mechanisms, whereas. their natural 
enemies have had. less opportunity .to 


preadapt: But laboratory studies show that; ~ 


there are.no simple general patterns of this 
kind and that under- controlled conditions 
the rate of evolution of resistance in prey. > 
and predator populations depends on the . 
detailed molecular mechanisms underlying 
detoxification!^'*, This, in turn, has 
prompted a search for pesticides that may 
be less lethal for natural enemies than for 



















pests'*"’, or even for the release of natural | 

‘enemies that have been artificially selected | 

7 for resistance to specific pesticides? | 

The second possible explanation lies in | 

-the dynamics of prey/predator associa- | 

tions. The essentials of Tabashnik’s detail- | 

ed numerical simulations!’ can be appre- | 

ated from the qualitative arguments given | 

above. Suppose application of a pesticide | 
“kills a large fraction of both prey and 

predators i in the treated region: for the sur- | 

| 

| 

| 
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-wviving prey, life is now relatively good 
(relatively free from. predators), and the 
"population is likely to increase rapidly — 
; exhibiting overcompensating density 
; for: the surviving predators, 







- tends to speed the evolution of resistance, 
"and undercompensation to retard it. Thus, 
on dynamical grounds alone, we may ex- 
` pect that pests evolve resistance faster than 
do their natural enemies. 
7 Although. many well-understood 
; resistance systems involve one locus with 
| leles, with heterozygotes of inter- 
diat fitness, other systems are possible 
ose different kinds of manage- 
“questions. For instance, RS 
‘heterozygotes: may be the most fit in the 
presence of the pesticide. Resistance of the 
Norway rat to warfarin is the clearest ex- 
ample, and anyone who is tired of presen- 
ting sickle-cell anaemia to classes as the 
canonical example of heterzygous advan- 
tage may care to note the fitness ratios of 
the Norway rat in Britain in the absence of 
warfarin are Weg : Wes: Wes = 0.46 : 0.77 
: 1.00, whereas in the presence of the poi- 
son they are 0.37 : 1.00 : 0.68 (J. Greaves, 
MAFF, South Tolworth, Surrey). But there 
may also be examples of heterozygous 
superiority among insects, as in the resist- 
ance of the spotted root-maggot Euxesta 
notada to DDT or dieldrin'?. Hetero- 
zygous superiority of this kind undercuts 
the simple analyses presented above”, 
Resistance systems that are sufficiently 
polygenic. to warrant treatment by quan- 
. titative genetics, rather than being inherited 
_in discrete, diallelic fashion, present in- 




































THE oldest record of serpent aggregation is preserved in this rare fossil from 
Oligocene White River Formation of Converse County, Wyoming. The assem! 

consists of three virtually complete 32 million-year-old snakes passively coiled in lif. 
like positions. As described by Brent H. Breithaupt and David Duvall of the Univ 
of Wyoming, USA (in a paper in the press in Rates of Behavioral Evolution, 
Bocout, A.J., Plenum, New York; and in a manuscript under review) the large: 
snake (435 mm long) belongs to the genus Ogmophis, whereas the smaller pair bel 
to the genus Calamagras. Both genera are common middle Tertiary forms of the su 
family Erycinae, family Boidea, and are distantly related to the North Ameri 
rubber boa (Charina) and rosey boa (Lichanura). This specimen represents the 
complete material known for these two fossil genera and is the first serpen 
material recovered from Oligocene strata of North America. It is also the p 










































rely on ‘back-selection’ to purge resistance | political rather than purely biologi 
genes from the population after application Beyond this, even with good biologic 
of the pesticide was discontinued. | understanding and coherent planni 
If dosage levels, migration, refugia, | group actions, 1 think it will often b 
natural enemies and other factors аге (о be | different sectors — pesticide manufa 
managed so as to slow down theevolution | turers, farmers, and the planners respo 
of pesticide resistance, coordination of ef- | sible for feeding people — have diffe 
forts over large regions will be required. | aims, stemming from different rates of dis 
teresting possibilities (S. Via, University of | Some crops lend themselves to this, and counting the future and the absence of a. 
Iowa). For. example, resistance to two dif- | some do not. Often the best interests of | truly common coinage. Population biology 
ferent pesticides can be negatively cor- | individuals will differ from those of groups, | can make these tensions clearer, but it 
related, enabling the evolution of resistance | leading to problems that are social and | cannot resolve them. Д 
to be retarded by alternating the pesticides. 
Conversely, if. the correlation were to be 
. positive it would result in swift appearance 
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resistance. One possibility is the removal : шк Күн йы de P айн 
_ of fitness disadvantages in resistant geno- | "i rue, SM RM. 7 anim. Ecol 


.types in the absence of pesticide usage, if 
ever the resistance gene attained high 
frequency; if this happened, one could not 
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‚ from Michael R. Hanley 


"THE current enthusiasm for the study of 
roliferative growth factors is mostly based 
he conviction that they are mitogens, 
endogenous regulators of cell division. A 
favourite model for mitogenic signalling is 
xperimentally induced cell division, where 
both quiescent and normally dividing cell 
populations are stimulated to divide rapidly 
and replace damaged tissue. The stimuli for 
issue repair are unknown but most specu- 
lation has focused оп tissue-derived or 
-blood-born mitogens such as platelet- 
lerived growth factor. On page 61 of this 
however; Nilsson ef al. report that 
ted neuropeptides contained in sen- 
ory neurones, substance P and substance 
an act as mitogens for connective 
tissue!.. This discovery is particularly 
| significant because both peptides may also 
participate in other aspects of the reaction 
o injury: sensory signalling and neurogenic 
"inflammation?. The discovery has impor- 
tant implications for other peptides found 
n peripheral nerves and also suggests that 
meural factors have a previously un- 
uspected role in the coordination of 
ell proliferation. 
uthors use the standard strategy for 
dentifying potential mitogens; the target 
Is are isoláted in primary culture and the 
t of cell division monitored autoradio- 
aphically by measuring the incorporation 
3H-thymidine into nuclei after stimula- 
ith the potential mitogen. This per- 
tification of responses in a mor- 
pholo, cally defined cell population and 
| provides a selective measure of a rapid in- 
nt in mitosis, entry into DNA syn- 
| two connective tissue popula- 
skin fibroblasts and vascular smooth 
muscle cells, Nilsson et al. show a potent, 
dose-dependent stimulation of DNA syn- 
hesis in the presence of the tachykinin 
neuropeptides substance P or substance K, 
but not to another neuropeptide, bombesin. 
c: The actions of substance Р and substance 
K seem to be mediated by an authentic 
tachykinin receptor because their effects are 
reduced by a specific tachykinin antagonist. 
Recently, the existence of multiple 
tachykinin receptors, which may respond 
to different endogenous peptides, has been 
suggested’, Substance K has a greater 
potency then substance P, suggesting that 
a specific subtype of tachykinin receptor? 
: involved. in the. mitogenic responses, 
"which poses the interesting possibility that 
“the mitogenic effects of tachykinins may be 
“associated uniquely with this class of recep- 
«tors, and that other cell populations bear- 
ing these receptors may also have pro- 
Jiferative responses to tachykinins. 
The work of Nilsson ef a/.' is the latest 
contribution to the accumulating evidence 


] leuropeptides as mitogens 





some time, Rozengurt and his colleagues 
have explored interactions between 


| mitogenic signals in a cell-line model of 


quiescent cells, serum-starved 3T3 cells. In 
this system, they have correlated mitogenic 
activity with the peptides vasopressin* and 
bombesin?. Unlike substance P and 
substance K, however, these peptides have 
a complicated, possibly synergistic, interac- 
tion with other mitogens in 313 cells. This 
difference reflects fundamental differences 
in the responses of a growth-arrested per- 
manent cell line and a normally quiescent 
primary culture cell. Nevertheless, the 3T3 
model provides a simple prediction that 
vasopressin and bombesin may be 
mitogenic for normal cells. Vasopressin has 
been reported to stimulate DNA synthesis 
in chondrocytes® and bone marrow cells’; 
bombesin, or its mammalian relative 
gastrin-releasing peptide, can be a growth 
factor for bronchial epithelial cells, As 
with the tachykinins, the possibility that 
these peptides may be endogenous mito- 
gens gains added interest because related 
peptides occur in mammalian peripheral 
пегуеѕ?:!0, providing ideal local sources. 
The tachykinin-stimulated DNA syn- 
thesis is neither additive nor synergistic with 
that elicited by platelet-derived growth fac- 
tor. In other systems, this observation has 
been taken as evidence that a common ef- 
fector mechanism is involved, but it is per- 
tinent to consider whether this explanation 
is plausible. Elsewhere, the inositol 
phospholipid pathway, recently delineated 
in some detail, has been proposed as a com- 
mon route in the actions of all mitogens!!. 
Significantly, the tachykinins, vasopressin 
and bombesin all stimulate the inositol 


| phospholipid pathway and mobilize cellular 
| calcium, possibly as a direct result of pro- 


ducing the second messenger inositol 
1,4,5-trisphosphate, which releases calcium 
from a non-mitochondrial intracellular 


| pool!!, Consequently, any receptor acting 


on the inositol phospholipid pathway may 
ultimately stimulate cell division. Whether 
this is a useful generalization for peptides 
awaits a detailed evaluation of the inositol 


phospholipid-regulating peptides for their | 


mitogenic activity on target cells. If, as 
already seems likely, only a subset of such 
peptide receptors has mitogenic effects, it 
will be a major challenge to identify any 
unique aspects of the biochemistry of lipids 
and second messengers that. may correlate 
with the stimulation of DNA synthesis. 
The next logical step will be to evaluate 
the mitogenic potential of the tachykinins 
in vivo. There are already some preliminary 
pieces of evidence that strongly support the 
idea that sensory neurones containing these 
peptides participate in both normal and 


“that neuropeptides сап act as mitogens. For ! stimulated cell growth. A single neonatal 


| dose of capsaicin, the pungent agentof cap- 





| sicum- peppers, permanently destroys а 


population of sensory neurones that are in- 
volved with pain perception and nerve- 
mediated inflammation'?. Although this 
population is chemically. heterogeneous, 
it includes the tachykinin-containing 
neurones, so neonatal capsaicin treatment 
provides a method of deleting the cellular 
influence of tachykinin neurones; Intri- 
guingly, lesions in skin!" and corneal epith- 
elium”? frequently result. from this treat- 
ment. The mechanism of the lesion forma- 
tion has not been examined in detail but 
morphological studies suggest that in the : 
cornea the proliferating basal layer of épi- 
thelial cells and the normal geometry of cell: 
renewal are severely impaired'?, Clearly, a 
specific role for the tachykinins cannot be: 
inferred, but this evidence suggests that a 
factor from sensory neurones is essential 
for normal cell turnover in the cornea and, 
possibly, in the skin, . 

If corneal damage were to result from the 
loss of a mitogenic peptide input, could 
there be a corresponding disorder arising 
from the local overproduction “of a ^ 

mitogenic peptide? Although skin kera- 
tinocytes have not been shown to be targets. 
for tachykinins, there is a large density of 
tachykinin nerves, presumably of sensory 
origin, in the basal layers of the epider- . 
mis'^, which contains actively mitotic cells .: 
that divide to replace the outer layers of © 
skin. Local factors are presumed to regu- 
late keratinocyte proliferation, but little is. 
known about such factors. Psoriasis is à 
skin disorder in which normal control is ~ 
lost and the cells proliferate at a greatly in- 
creased rate. An expanation for the condi- 
tion may be that the sensory tachykinins 
exert a tonic control over normal basal 
layer cell division, and that, in psoriasis, 





there is an excessive mitogenic stimulation 


of keratinocytes. This hypothesis could Бе “> 
conveniently evaluated by the topical use. 
of tachykinin antagonists. 







100 Years Ago 

Reports from Japan state that grave fears were 
entertained of an outbreak of the long quiescent 
volcano Fujiyama, and that officials had been sent 
io investigate the matter. The people living in 
the neighbourhood. believed an eruption. to. be 
imminent, because; while the snow on thé moun- 
tain had begun to melt two months before the 
usual time, all the wells at the fort became dry, 
and difficulty was experienced in procuring water. 
The phenomenon is considered the more re- 
markable from the fact that the winter has been 
unusually cold, and that the surface of the snow 
remains hard, the part nearest the ground being 
the first to give way. Intelligence has also been 
received from Java of the eruption of the Semiroo 
mountain, the most active Javanese volcano. 





| From Nature 31 610, 30 April 1885. 




















г Strictly, the conclusions of Nilsson êt al. 

apply only to peptides found in sensory 
neurones. However, the results with bomb- 
сезіп апа vasopressin*’, which have not so 
far been found in sensory neurones, strong- 
y suggest that other parts of the peripheral 
:rvous system may also exert proliferative 
influences on normal, stimulated or deve- 
ping cell populations. One intriguing con- 











. reveal for the first time a defined cellular 
-origin for an identified substance. with 
mitogenic action. 0 
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THERE is.no such thing as a boring pro- 
tein; newly solved protein structures always 
¿contain surprises. Yet the calmodulin struc- 
ture published оп page 37 of this issue!, 

id the closely similar. troponin-C 
nol cule, turn out to be even more in- 
‘than usual. The simple ‘dumb- 









d grasped polypeptide fold, invite close scru- 
tiny of the fundamental mechanism of 
" molecular switching. 
"These proteins sense intracellular calcium 
г signals and trigger, through changes in con- 
formation, appropriate responses in 
associated proteins. Calmodulin is a ubi- 
quitious, highly conserved, eukaryotic pro- 
"tein implicated. in. many. coordinated, 
calcium-dependent cellular. responses‘, 
whereas. troponin-C is part of a protein 
complex bound to actin filaments in 
4 vertebrate muscle that ‘switches on’ con- 
г traction when calcium is released from the 
‚ sarcoplasmic reticulum’. 
; The three-dimensional organization of 
Uu calmodulin is easy to visualize: knobs at 
both ends of. a long exposed helix, with 
< each knob having paired, back-to-back; 
P calcium-binding subdomains (EF-hands) of 
е type first described for parvalbuminf. 
< An EF-hand: is a structural motif (see 
figure) with a 12-residue calcium-binding 
| «loop; pictured as the middle finger of the 
.Tright hand, flanked by two nearly per- 
pendicular helices, represented by thumb 
and forefinger. In the crystal structure, the 
; concluding helix of the second calcium- 
_ binding subdomain runs without interrup- 
ion into the starting helix of the third bind- 












helix. It is the splendid isolation of this 
-' helix that is unexpected — the tertiary fold 
of the knobs had been predicted. 
n.a pioneering use of sequence 
‘homology to predict protein structure, 
“+ jtroponin-C was determined to have four 
> calcium-binding subdomains"?. Using the 
riterion of compactness and structural 






sequence of these investigations may be to | 
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` bell'-shaped molecules, with their easily | 


ing subdomain, forming the long central | 
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Е lands on the calcium switch 


homology with the parvalbumin molecule, 
Kretsinger and Barry produced a pleasing 
model of troponin-C with four EF- 
hands symmetrically packed around a 
hydrophobic core!?, This model has 
recently been challenged by Tsalkova and 
Privalov!!, who argue from thermal de- 
naturation results that the protein melts as 
if comprising three independently folded 
*cooperative units'. They conclude that 
the middle part of the sequence, now 





А4 А 
© calcium 


known to form the central helix, somehow 
prevents the other two units from interac- 
ting — a remarkable prediction in view of 
the three-dimensional structures just 
published. It is also known that limited pro- 
teolysis can split these molecules into two 
intact but non-associating calcium-binding 
domains". Would this information have 
helped to get the prediction right? Perhaps 
such zero-dimensional. experiments will 
become a more important component in 
future attempts to predict protein structure 
from sequence homology. 

How might the binding of calcium to 
such a structure act as a conformational 
switch? In the case of troponin-C, two of 
the calcium-binding loops (in the amino- 
terminal lobe) lack calcium in the crystal 
and, significantly, have altered inter-helix 
angles from the standard EF-hand, the 








perhaps even coming into contact. Such 2 






















thumb and forefinger being nearly parallel 
These differences are large enough to b 
recognized by other proteins; especially i 
there is a relative rotation of the two lóbes 
about the axis of the central helix. A more. 
radical (but not unreasonable) suggestion. 
by Herzberg and James? is that a glycine 
residue in the middle of the long centra 
helix serves as a pivot about which the two. 
halves of the dumbbell can freely rotate, 





dramatic change could certainly serve asa 
switch, possibly initiated by ligand-induce 
changes in the calcium-binding subdoma 
at the amino-terminus of the helix. 
The question, then, is whether the se 
of this molecular switch lies with 
stability of the long bridging һе 
teolytic cleavage studies show t 
region. does have an altered conform 
in the absence of calcium. Furthermo: 
thermal denaturation studies! identify фе. 
helix as the least stable part of the struc- 
ture. Perhaps an exposed helix — a rar 
feature in protein structures — tottering ón 
the edge of conformational stability has ex 
actly the required sensitivity to respond to 
energies produced by calcium binding. Оп 
is reminded of glucagon, a small prote 
of borderline stability in solution, 
only reveals its helical conformat 
crystalline state? Such a delicati 
between order and disorder could 
basis of switching in all thes 
It is tempting to carry these specul 
too far. Calmodulin and troponin-C 
only functional while interacting with oth 
proteins and the central helix could. 
be buried in these situations, or. 
subtle aspects of protein-protein. reco 
nition might predominate. Neverthe 
less, particularly by.the use of genetic: Ш 
engineered mutants, these proteins 1 
yield deep insights into the relationship bet- 
ween the signalling and stability properties. 
of proteins. Finally, we might ask why such 
a simple structure was not anticipated 
when most of its subdomains had been cor 
rectly predicted? My guess is that someone, 
somewhere, did get it right — but who- 
would want to: ро домп as’ the йге: то 
predict a dumbbell when, if the predictioi 
was wrong, their name might so easily 
become attached to it? bs: 
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| from Nico van Breemen 


VHAT is probably the most complete set 
of data available. on the effects of atmos- 
-pheric sulphur and nitrogen on the weather- 
ing of soil and rock, and on the composi- 
tion. of drainage water in forested and 
gricultural areas, is reported on page 31 
of this issue by Thomas Paces!. Of par- 
“ticular interest is that one of the areas 
(all-of which are in Czechoslavakia) is 
-characterized by extremely high sulphur 
inputs. and a complete dieback of spruce 
forest, a situation that may be typical of 
' Several industrial regions in eastern Europe. 
Paces concludes that the forest in the 
ndustrial region is strongly acidified. But 
15 acidification responsible for the dieback? 
_ Dry deposition of sulphur dioxide is re- 
“sponsible for 75 per cent of the acidifica- 
n in the industrial region whereas wet de- 
E position (acid rain in the strict sense) con- 
tributes only 15 per cent to the total acid 
load of the system studied. In relatively 
remote forests, the acid load is only about 
hird of that in the industrial region, and 
he contributions of wet and dry deposition 
to the total acid load are about equal. Soil 
ification is considerable in such areas 
the drainage water is almost neutral. 
Agricultural activities (fertilizer application 
and harvesting) contribute considerably to 
€ acid load of soil and rock, resulting in 
ncreased mineral weathering. 

г Changes in the chemical composition of 
-water of the Elbe river over the past 80 
'ears indicate that these conclusions, 
Jthough based on data drawn from four 
mall representative watersheds, are valid 
for large areas. All the four have similar 
edrocks, soils and climates but differ in 
- their exposure to atmospheric pollution and 
‘land use, Paces combines detailed hydro- 
logical measurements and estimates of 
chemical input and output (including 
ecords of fertilization and harvesting) over 
five to seven hydrological years with a 
ecently developed steady-state model of 


гапа consumption by known geochemical 


and nitrogen by dry deposition were esti- 
mated from measured concentrations and 
published values. of deposition velocities. 
* oc Although some authors still contest that 

atmospheric deposition of anthropogenic 
sulphur and nitrogen seriously contribute 
to acidification of soils’?, Paces's data are 
in agreement with several independent lines 
of evidence for increased environmental 
-acidification as а result of atmospheric 
deposition. The first direct evidence for the 
strong soil acidification in Central Europe 


urements of old and new soil samples by 


weathering, to quantify acid production | 


and biological processes. Inputs of sulphur . 


of the past decades came from pH meas- 


/ ‹ idification and decline 
f Central European forests 





Butzke*. At a workshop at Uppsala last | 


September, C.O. Tamm from the Univer- 
sity of Uppsala reported a small drop in the 
DH of forest soils over the past 50 years in 
northern Sweden but a much larger acidi- 
fication in the southern part of the coun- 
try. Tamm attributes the small pH decrease 
in the north mainly to biological pro- 
cesses and the large decrease in the south 
to atmospheric inputs. Other input-output 
budgets), geochemical studies of soil 
weathering profiles? and simulation 
models of soil acidification’ also lead to 
the same inescapable conclusion: the rate 
of acidification of forest soils in a large part 
of Europe (and north-eastern America) is 
greatly accelerated by atmospheric pollu- 
tion. Although this acidification has 
markedly depressed the pH of sensitive 
forest soils in Central Europe, forest soils 
in the United States and Canada seem still 
to be able to buffer the pH in a range that 
can be considered normal. 

Although there is general agreement that 
the acidification of lakes and streams is 
detrimental to fish and other biota?, the 
relation between soil acidification and the 
widespread decline in forests of Central 
Europe is still controversial; the link be- 
tween the acidification of soil and death of 
spruce forests indicated by Paces is not pro- 
ven. Usually, direct effects of atmospheric 
gases, including photo-oxidants, may be 
more important than soil acidification in 
damaging trees. Nevertheless, the removal 
of base cations and release of potentially 
toxic aluminum by acidification must be 


detrimental to trees and other forest plants. | 





In the fone run, 
a bigger problem than the direct effects of 
gases on vegetation: although a reduction 
in pollutant emission would have an almost 
instantaneous effect on air quality, 
recovery of acidified soils. is. presumably 
very slow and is only possible if sufficient 
quantities of weatherable silicate minerals 
are still present. | 

In that respect, the acidification of 
agricultural soils (also demonstrated by 
Paces) is a minor problem, The acidifying 
effects of harvesting and fertilizer applica- 
tion are normally counteracted by liming. 
Additional effects of atmospheric acids can 
easily be undone in the same way. 

Liming, however, probably offers no 
practical solution for forests. Apart from 
the fact that acid deposition rates are higher 
in forests than on land? and the problem 
of how lime could be applied. in forest 
areas, forest liming could result. in 
undesirable side effects from increased 
decomposition of organic matter, nutrient 
imbalances, increased susceptibility to pests 
and diseases and changes in the species 
composition. of the ground vegetation: 
Both the direct effects of atmospheric 





| pollution and the long-term: problems 


associated with acidification of the environ- 
ment can only be solved by a reduction in 
the emissions of gaseous sulphur, nitrogen 
and hydrocarbons. 0 
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Primate cognition 


Can apes learn to count? 


from Brendan McGonigle 


DANZIGER once described mathematics as 
the language of size, natural language as 
the language of sort. Are these languages 
confined to the human brain? Although 


| research (and controversy) continues on 


whether apes share important features of 


| our natural language system, attention is 


now turning to the question of whether 
they might also possess the rudiments of a 
number system. Thus, on page 57 of this 
issue, Tetsuro Matsuzawa reports on the 
*use of numbers' by a chimpanzee!. 
Matsuzawa claims that the ape 
successfully identified six arabic numbers 
by selecting from a keyboard the numeral 
that was appropriate to the number of 
objects displayed. In addition, it provided 





the appropriate colour name and category 
label for some 300 sample types, stringing 
these into, for example, ‘3 red pens’. 

The study is perhaps unique in requiring 
a level of description of an array of objects. 
in terms of both numerosity and the typeof 
object displayed. These findings are surely 
provocative, the fairgound appeal of an 
ape that selects numerals felicitously apart. 
Do they, however, imply that the chim- 
panzee is endowed with the rudiments 
of a system of calculation which finds a 
refined and rarified expression in the 
axiomatic systems devised by man? Only a 
convergent programme of comparative 
developmental research into the natural or 
intuitive calculus of animals and humans 


. van Breemen, N., Driscoll, C.T. & Mulder, J. Nature 307, iu 











_ will answer this question. Meanwhile, it is 
instructive to evaluate these and related 
findings in the light of current advances in 
child development, which already 
implicate some basic psychological 
mechanisms underlying mathematical 
nderstanding, particularly the conception 
f number. 

- Subitizing — the simultaneous appre- 
| эзш of up to four elements through 
direct, pattern recognition — is one rudi- 
_ mentary counting mechanism that has been 
identified in humans and is, perhaps, 
implied in the chimpanzee by Matsuzawa's 
study. The process is revealed by the 
measurement of the time it takes subjects 
to enumerate small numbers of items, such 












number of items up to four has relatively 
ittle effect, adding around 200 milli- 
seconds per extra dot with child subjects; 
above that number, however, each 
additional dot increases the enumeration 
time by over 1000 milliseconds. This 
break’ іп the range of times is consistent 
^ with. the. notion that subitizing, or sim- 
ultaneous number perception, applies for 
up to four items, beyond which counting, a 
more costly procedure, begins. 
tis. impossible to evalutate the role of 
subitizing in Matsuzawa’s study as 
identification measures are not reported. 
-It is, however, interesting that the 
chimpanzee made by far the greatest 
number of mistakes (over 63 per cent) inthe 
discrimination between numbers five and 
six, just outside the subitizing range for 
.humans. It may be that the span of 
apprehension for apes is different from 
"that of man, This needs to be determined 
Ue empirically, and the research could also 
oe ¿clarify the contentious relationship 
between subitizing and counting in the 
' genesis of the number system?. 
(5 Subitizing apart, developmentalists are 
"agreed that even ‘true’ counting begins 
with small. numbers. Many six-year-olds 
cannot count quantities above ten. Init- 
гапу, there is an apparent need to use ‘1’ as 
гап anchor; asked to begin counting from a 
higher number, performance falters. And 
forward counting begins before counting 
backwards, which indicates that there is a 
"preliminary temporal or serial-order basis 
for the number system. (It is interesting to 
; note that temporal succession was sug- 
-- gested by both the philosopher Kant and 
the mathematician Hamilton as an intui- 
tive basis for number.) The subsequent de- 
velopment of successor links in the count- 
: ing chain seems to depend largely on a 
<- mental representation with (spatial) ana- 
logue properties". This is inferred from the 
inverse relationship between the time taken 
:to identify the greater of two numbers and 
-their ordinal separation (for example, it 
= takes longer to decide that 5>4 than 724) 
and suggests that there is a ‘mental line’ or 
scale. on which numbers are mapped. 
Such. phenomena are seen to reflect 
-important stages in the development of 
: informal arithmetic skills, so their investi- 



































as dots, on a visual display. Increasing the | 
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— NEWS AND VIEWS 
gation in animals would help inform. us 
whether a rudimentary calculus is shared 
with other species. Already, we have re- 
ported evidence for a representational 
device analogous to the ‘mental line’ (also 
based on decision-time data) for squirrel 
monkeys tested on a related symbolic 
(logic) task*. The expectation is therefore 
provoked that comparative research into 
number representation could reveal the 
communality of at least some counting mech- 
anisms in humans and other primates. 

The use of number, however, implies 
more than mere counting skill per se. 
Children count before applying their 
knowledge in situations where it would be 
desirable to do so. Asked to determine 
which of two rows of objects has ‘more’, 
four-year-old children tend to base their 
judgments on the shape of the set, selecting 
the more extended row and thus appearing 





to treat discontinuous quantities as 
continuous ones*. Yet children who fail in 
these tests can count under other 
circumstances. Should true counting be 
found in non-human primates, therefore 

it would be necessary to evaluate thei 

spontaneous use of counting as а 
measuring device, especially. under 
conditions which afford other (if less 
reliable) solutions. E 
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Biopolymers 





The spinning of silk 


from Paul Calvert 


SILK is stored as a concentrated aqueous | 


solution in glands of the larval silkworm 
until it is spun as a dry fibre by a gentle 
waving of the head of the larva. The equi- 
valent process for spinning a nylon fibre 
— the synthetic fibre that is closest to silk 
— consists in forcing the molten polymer 
out through a small jet, a spinneret, and 


cooling it. The resulting fibre is soft and | 


not very strong, as it is not possible to run 
the polymer out through the small jet fast 
enough to align the molecules. Alignment 
is only achieved in a second process where 
the fibre is cold-drawn to about six times 
its original length, whereupon the mol- 


axis and the fibre becomes strong and stiff. 
So how does the silkworm manage to pro- 


| duce the same effect in a single step at room 


temperature? As silk fibres are insoluble in 
water, the solution stored in the silk gland 
must be metastable yet remain liquid until 
the mechanical process of spinning induces 
precipitation; no chemical change or drying 
seems to occur during spinning. But how 
does the apparently slow process of spin- 
ning a mobile liquid nonetheless result in 
a highly ordered fibre? And why does the 
production not become blocked up with the 
precipitating solid? 

Most of the recent published work on the 
physiology of silk production has been 


| carried out in Japan and much of it is | 
summarized in a group of reviews in | 


Experientia 39, 441; 1983. Silkworm silk is 
secreted as a 15 per cent aqueous solution 
of fibroin in the narrow, convoluted pos- 
terior gland. From there it moves to the 
middle storage gland where the fibroin is 
enveloped in a solution of sericin that will 
ultimately become the gummy coating 
holding the fibres together in the coccoon. 
It is in the middle gland, where the concen- 


| 
| 
| 
| 
| 
| 
| 
| 
| 


| B-sheet structure with chains extended and. 


tration of silk rises to 30 per cent, that on 


| might expect the polymer to be precipitat 


out. Akai (Experientia 39, 443; 1983) des 
cribes the fibroin forming fibrous spheri 
masses of about 1 um in diameter, but 
electron microscope study of sucha syst 


| is proneto artefacts and the conformati 


of the fibroin has been much. debated. | 
In its most stable fibre form, silk has a. 





packed into layers. If the solution in the silk | 


| gland is removed and allowed to dry undis- 


; turbed, it forms silk I. Because this can 


] 


| only be obtained as crystal aggregates and. 


| not as oriented fibres (Lotz, B. & Colonna- 
ecules become oriented parallel to the fibre | 





Cesari, Е. Biochimie 61, 205; 1979), it does 
not lend itself to a complete X-ray structure 
determination. Nevertheless, a structure 


has been suggested in which the confor- 


mation of alanine and glycine residues аге: 
near the fi-sheet and a-helix, respectively, 
and which is much more contracted than 
B-silk. But new data from magic-angle С. 
nuclear magnetic resonance instead suggest | 
a loose 4-fold helix (Saito; Н. er al. Macro 
molecules 17, 1405; 1984). 

In the liquid. itself, the silk has been 
believed to be predominantly in a randomly 
coiled state with some a-helix, but another 


recent. "C nuclear magnetic resonance — 


study (Asakura T. et al. Macromolecules: 
17, 1075; 1984) shows that it is randomly 
coiled in dilute aqueous solution апа. 
probably changes over to the loosely helical 
conformation of silk 1 as the concentration 
rises above five per cent, when the cliains 

start to aggregate. This loose helix probably 

provides a conformational energy mini- 

mum that is readily reached and so prevents 

the chains from going over to the more’ 
stable fi-sheet form and solidifying. The 

block copolymer structure of fibroin may 

help to stabilize the loose helix. 








quid is certainly qu te 
| liquid readily flows out of the cut 
: ads of glands of spinning silkworms (Mag- 
oshi, J., Magoshi, Y. & Nakamura, S. Rep. 
Progr, Polymer Phys., Japan 23, 747; 
21980). The precipitation step that occurs 
during spinning seems to depend on a criti- 
cal shear rate being reached. Jn vitro 
measurements on solutions of less than five 
‘рег cent show that precipitation occurs if 
iquid silk is sheared at rates greater than 
5480 s~}, The silkworm spins the fibre.at 
,about 1 cm s^! from the anterior gland, 
which narrows to 50 um at the entrance. 
is corresponds to a shear rate of about 
^! and causes precipitation of silk at 
the much higher concentrations found in 
vivo (Kataoka, K., & Uematsu, I. Kobun- 
hi Ronbunshu Engl. Ed. 6, 621; 1977). 
Magoshi er ai. also report that the change 
to the P-sheet structures occurs at draw 
'ratios of about four and that the silk can 
be induced to flow out of cut glands in a 
iquid crystal form. 
. From. recent efforts to prepare high- 
strength synthetic fibres, it has become 
clear that, to produce high levels of 
rientation the inter-chain forces must be 









ythyology 


m. Jared M. Diamond 


ON22 December 1938, a taxi driver on the 
docks of East London, South Africa, was 
iled by a lady with a very oily dead fish 
that proved to be the coelacanth Latimeria 
: chalumnae, sole survivor of a group of fish 
- that had been believed extinct for 70 million 
years and traditionally considered close to 
the ancestor of all land vertebrates. Since 
then, many other specimens have been cap- 
tured and pickled or frozen but scientists 
have yet to observe a. healthy live specimen. 
But much has been learned from preserved 
pecimens about ecology, sensory biology, 
reproductive biology, physiology, and tax- 
onomic affinities of this ‘living fossil'!?. 
: As for Latimeria's geographical distri- 
“bution and habitat, all but the first speci- 
. men were caught by native fishermen off 
"two of the Comoro islands, between 
Madagascar and the east coast of Africa. 
Most specimens have been taken at depths 
of 100-300 metres as an accidental by- 
product of night fishing for oilfish, and the 
: apparent restriction of Latimeria to these 
two islands is probably an artefact of how 
сіо-есопотіс and oceanographic condi- 
ions constrain the search for oilfish. The 
"South African specimen taken 2,000 miles 
from the Comoros is the only proof of a 
wider distribution, but coelacanths may 


banks in the western Indian Ocean. 


| Junge for prey and suck it in, rather lik 


eventually turn up at other seamounts and: | 


Most likely, coelacanths perch on a reef, 






“cont 





he biology of coelacanths 





j osmoregulation of Latimeria. 
a groupėr?. They feed on fish and cuttle-- 4 
fish; swallowed whole, that live on or 


mystery; two pairs of erectile caruncles 


lled so as to permit sl ppage of the | 
chains past one another while preventing ` 
rapid relaxation back to a randomly coiled 
state. Strong aromatic polyamide fibres 
such as Kelvar, are produced by spinning 
from liquid crystalline solutions in which : 
the chains are locally aligned even before 
starting, thereby greatly increasing the 
orientation. Apparently silk production is 
similar, in that the aggregated state 
promotes local alignment of the chains 
while still keeping them in solution. They 
then easily spin to high orientations and to 
moduli that are comparable with the 
highest values achievable with nylons and 
about half those of Kelvar. The change 
from coiled to rigid conformation that 
happens with increasing silk concentration 
apparently corresponds to the ‘induced 
rigidity’, believed to occur in stiff polymers 
in solution (Matheson, R.R. Mol. Cryst. 
Lig. Cryst. 105, 315; 1984). Again we have 
failed to recognize a natural process until 
rediscovering it the hard way. Г] 
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near the bottom of reefs in deep water. | 
Latimeria’s most distinctive anatomical 
feature relevant to feeding is a joint across 
the skull that permits rotation by up to 15 
degrees and thereby widens the gape and 
increases the strength of the bite*. Such 
intracranial joints are known from some 
fossil fish but no other living fish. Sensory 
equipment for prey detection includes 
large, nearly colour-blind eyes that are 
adapted to low light levels, densely packed 
rods but very few cones, and a large cavity 
in the snout, the rostral organ, which has 
the structure of an electroreceptor 5. 

One of the most surprising discoveries 





| about Latimeria concerns its reproductive 


biology. Initially, the coelacanth was 
assumed to lay eggs for external fertiliz- 
ation, like most fish, because males lack a 
penis, pelvic claspers, modified anal fins or 
any other obvious copulatory organ. Then, 


| dissection of a female revealed shell-less 


i 
i 
| 
i 
| 
| 
| 
| 
and very large eggs, 8.5-9 cm in diameter®. | 
Finally, Smith ег al. proved that the eggs | 
are fertilized and hatch internally by find- | 


| ing five miniature coelacanths, 30-33 cm 


long, in the oviduct of another female’. 
Dates of capture suggest that the gestation 
period is around 13 months. How the male 
achieves internal fertilization remains a 


flanking the cloaca may play a part*?. 
The other big surprise concerns the 
Living 
marine animals osmoregulate in one of 
three ways: by being iso-osmotic and 


similar i 
(hagfish and marine invertebrates); by be- 





| a British MP ridiculed a fellow MP as 


entrations to sea water 


ing iso-osmotic, despite having ion concen- 
trations far below those in sea water, 
through retaining urea and trimethylamine 
oxide (sharks); or by having ion concentra- 
tions far below those іп sea water and be- 
ing hypotonic but drinking sea water and 
excreting salt to remain in water balance 
(modern bony fish). Latimeria proves to 
resemble sharks rather than modern bony 
fish/'^!. With 197 mM Na* and 187 mM 
Cl- in its blood, as in bony fish, and 
377 mM urea and 122 mM trimethylamine 
oxide, both the blood and urine of the 
coelacanth are iso-osmotic to sea water. 
The osmoregulatory: resemblance of 
Latimeria to sharks begs the question of its 
taxonomic affinities. Traditionally, coela- 
canths have been considered the sister 
group of the rhipidistians, an extinct group 





i of bony fish that gave rise to amphibians 


and thence to other land vertebrates. 
Lagios, however, considers coelacanths the 


| sister group of chondrichthyans (sharks 


and rays) on the basis of similarities not 
only in urea retention but also in pituitary 
structure, pancreatic structure and the pre- 
sence of a salt-secreting rectal gland?:'?, 
Other authors argue that these similarities 
do not necessarily ally coelacanths with 
sharks?*?, For example, urea retention 
arose independently in lungfish, certain 
frogs and some primitive ray-finned fish 
and so may also have arisen independently 


| in coelacanths and sharks. 


Thus, the dogma on which the current 2. 
generation of biologists was reared — that: 
coelacanths are close to the ancestors of 
tetrapods — is under vigorous debate. But 
the outcome is unlikely to shake their 
image as a symbol of long preservation 
without change. Thus, Time Magazine . 
once branded Richard Nixon asa ‘‘coela-. 
canth of American anti-communism’’, and 












*coelacanth' on the grounds that from his- 
long silence in that august assembly it was 
a surprise to find him still alive?. Whether - 
these calumnies of coelacanths are tax 
onomically justified is a question that can 
be resolved only when political-conditioi 
allow fresh specimens to-be obtained from . 
the Comoro islands or. neighbouring 
waters. а 
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LAKE Victoria in East Africa, with an area 
of some 68,635 km?, has a naturally rich 
апа diverse fish fauna and formerly 

supported. important fisheries, based 

г largely оп herbivores and detritus feeders 
© of the.family Cichlidae'}. Fisheries based 


on such short food chains.are ecologically | 


oo the most efficient. Although over-fishing 
` in Lake Victoria has for some time been а 
"cause for-.concern, fisheries technology 
having advanced more rapidly than the 

scientific knowledge needed to devise ra- 
tional means of exploiting this complex 
© multispecific assemblage, a further serious 





| hazard. now faces the fisheries. In the | 


719505, a suggestion was made that the Nile 
perch, Lares niloticus (Fig. 1), a piscivorous 
Species that grows to a large size, should 
e introduced into the lake. Although it 
fas pointed out that simple ecological 
rinciples show that such an introduction 
-would be detrimental‘ (yields of predators 
can never be as great as those of their prey), 
the idea was pursued by its supporters and 
in 1960 the Nile perch found its way into 
the lake, apparently from ponds into which 
.it had already been introduced. Sub- 
sequently this species was deliberately intro- 
~~ duced into the lake. 
< Since then the Nile perch has spread 
«rapidly іп the northern: parts of Lake 

Victoria, having reached Kenyan waters by 
‘the mid-1960s. It is now abundant in many 
‘areas and is spreading south. It has invaded 
the Tanzanian waters of the lake and, in 
he early eighties, increased rapidly in num- 
bers in the vicinity of Mwanza, where there 
ге important fisheries based on indigenous 






















Invasion | 

fhe consequences of this invasion and of 
“the establishment of the Nile perch are 
serious. While some of them were pre- 
dicted, not all could have been anticipated. 
For.example, the Nyanza (formerly | 
Kavirondo) Gulf was the site of important 
fisheries for an endemic tilapia, 





Oreochromis. esculentus, and for other 
<. fishes including the abundant haplo- 
< x ehromine cichlids. Large quantities of the 
2 former supplied Nairobi and other centres 
^. Of population and the latter, easily pre- 

_ “served and transported, were sold over а 
wide area. Since the arrival of the Nile 

. perch, almost all the indigenous fishes of 

... commercial importance have not merely | 
_ declined but have virtually disappeared“. | 





T - These include not only the herbivores but 
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A haplochromine cichlid 


Fig.1 Lake Victoria and, inset, the Nyanza Gulf, 
the introduced Nile perch, Lates niloticus, and 
representatives of some of the cichlid fishes, 
formerly the basis of important fisheries in the 
Nyanza Gulf and elsewhere, that have recently 
declined catastrophically. Illustrations of fishes 
after Boulenger”. Lates reach up to 2 m long, 
Oreochromis up to at least 30 cm, and the many 
species of haplochromine cichlids are usually less 
than 20 cm in length. 


carnivores such as certain catfishes. 
Large numbers of Lates are being 
caught, however, reflecting the fact that 
they now make up well over 80 per cent of 
the fish biomass in the Nyanza Gulf®, an 
atypical and clearly unsustainable role for 
à predator at the top of the food chain. 
When first introduced, Lates fed mostly on 
small haplochromines (Fig. 1), a group est- 
imated formerly to comprise ~ 80% of the 
demersal fish stocks of the lakes. Having 
virtually eliminated this food source, small 
Lates now depend on the small prawn, 
Caridina, which is consumed by juveniles 


in several lakes. Recent observations show | 


that ~ 80% of the diet of individuals less 
than 45 cm in length consists of these 


prawns and even fishes up to 100 cm in i 


length are eating Caridina®. Large 
individuals are feeding predominantly on 
young of their own species. 

Such a situation is inherently unstable 
and the ecology of the Nyanza Gulf has 
been irreparably upset. Furthermore, Lates 
is not liked by the local people, who con- 
stantly complain that they are unable to 
find their favourite food fishes. Prices are 
low: at the lakeside, a kilo of Lates sells 
for a shilling, but in areas where it is still 
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The introduction of the Nile perch into Lake Victoria, East Africa, has had disastrous consequences. Fisheries have 
been not merely damaged but destroyed. Lake Malawi has the world's most 


species-rich fish fauna and the prospec 
of introduction of alien species could mean disaster. us 


{ 





| tunate sociological consequence 


| threatened’, and that fisheries for mos 









available, a kilo of Oreochromis fetches 3 
shillings. Moreover, because of its large siz 
and oily nature, Lates cannot be sun-dr 
but has to be smoked, which is leading 
the deforestation of a number of islands 
trees are felled to produce firewoox 
establishment of Lates has also had 































men who could formerly subsist on sn 
scale haplochromine and Oreochromi 
fisheries are being driven out of busines 
and production is being concentrated in the 
hands of wealthier individuals who ca 
afford the larger, stronger and mor 
expensive nets required for Lates. 











Fishery decline NU 

Against this background, the conclusio 
of a symposium of the UN Food and Äg 
culture Organization (ЕАО)?, held 
October 1984, make curious readin 
symposium was .convened under 
auspices of the Committee for I 
Fisheries of Africa as the concern o 
subcommittee for the development anc 
management of the. fisheries of ‘Lak 
Victoria. Its purpose was to consider th 
status of the fish stocks of Lake Victoria, - 
to suggest management measures, and to 
define priorities for research. Its report 
confirms that the fisheries, formerly based 
on a wide range of species or species 
groups, are now dominated by only four. 
such groups, one of which, that comprising 
the haplochromine cichlids, ‘‘is itself 





species are in decline. The ill-advised tra 
fishery for haplochromines was already ir 
decline before the upsurge of the Nile perch ` 
and the report now admits that it is ‘<al- 
most certain’’ that haplochromine stocks. 
cannot support the twin stresses of heavy 
predation by Lates and a fishery, апа. 
thinks it would be "extremely unwise” to. 
invest further in this industrial fishery. In 
the Nyanza Gulf at least, the haplo- 
chromine fishery is already virtually — 
nonexistent. It is admitted that, under what 
is seen as the best of two scenarios, 
production from Lake Victoria will settle’ 
down at a level **assumed to be some 80% 
less than the productivity achieved by the 











w at is: described as a. boom or: bust 
uation — another guess — the disrupting 
influence of Lates, which is admitted, is 
likely to lead to even lower 
Despite this it is claimed tha£*'the intro- 
ction of Nile perch to utilize the 
haplochromine cichlids of the lake may be 
egarded as successful in terms of its 
riginal objectives''! With such criteria for 
‘success all things are possible. It is also 
-claimed that losses in productivity “тау, 
however, be compensated for by the greater 
value and quality of the fish caught” 
Lakeshore prices cast serious doubts on this 
"prediction and no improvement of quality 
‘could compensate for the enormous losses 
тво yields and diversity brought about 
y the introduction of the Nile perch. 
_ The establishment of Lates is not only 
an economic and ecological tragedy but 
iso. an enormous loss to evolutionary 
iology. Lake Victoria is the site of a 
emarkable radiation of cichlid fishes which 
has given rise to several hundred endemic 
species!!! , As an example of explosive 
-speciation this assemblage is of immense 
scientific interest? and the loss of these 
fishes, often before their biology has been 
elucidated, is incalculable. 









rreversibility 

€ also wish to stress the irreversibility of 
oductions into large lakes — removal 
f Lates from Lake Victoria is now impos- 
ible — and to emphasize that the introduc- 
on of this fish is seen as a failure, not 
‘merely by a small group of concerned 
cientists who think they know best and 
who find the endemic faunas of African 
lakes of academic interest, but by the 
people it was meant to benefit. This is no 
.inor incident but a disaster whose 
magnitude is put into perspective by noting 
that Lake Victoria is much larger than 
Switzerland. 

Great damage has already been done to 
Lake Victoria, so it is disturbing to learn 
that the introduction into Lake Kivu of 
Boulengerochromis microlepis, the largest 
ivorous cichlid fish of Lake Tanganyika, 
is now contemplated. Even more disturbing 
is the suggestion that the endemic pelagic 
-zooplánkton-feeding clupeid fishes of Lake 


Malawi (= Nyasa). One of these, Limno- 
fhrissa miodon (Fig.2), has been success- 
fully transferred to, and established in, the 
n-made Lake Kariba, and into Lake 
Чуп, a lake of recent origin with an 
xtremely depauperate indigenous fish 
fauna, and which drains into Lake 
Tanganyika. These situations are utterly 
different from those prevailing in Lake 
Malawi. Malawi is an ancient lake in which 
evolution has given rise to exceedingly rich 
assemblages of endemic fishes, whose dif- 
ferentiation has proceeded further than in 


include.a group of zooplankton-feeding 


oductivity. | 


-Lake Victoria, and of which it has more | 
than any other lake in the world. These -| 








Cyrtocara 
chrysonotus 


Fig.2 The zooplankton-feeding Tanganyikan 
clupeid Limnothrissa miodon (top, after Poll*') 


and one of the Utaka group of haplochromine | 


cichlids (bottom, after Boulenger”) that occupy 
a similar niche in Lake Malawi. 


haplochromines, the Utaka, that are caught 
for human consumption. Other zoo- 


| plankton-feeders are also present, so the 


niche that would-be introducers wish to 
exploit is already filled. The great age of 
Lake Malawi has enabled its fishes to 
evolve into complex communities whose 
members interact in many subtle ways, and 
the effect of the introduction of alien 
species is impossible to predict. It is 
unlikely that a situation which has evolved 
over perhaps one to two million years can 


be improved by the introduction of an alien | 


species whose impact can only be guessed 
at. The consequences could be disastrous 
and irreversible, as they have been in Lake 


Victoria, in the Laurentian Great Lakes of | 
North America", Lake Titicaca (S. Amer- 


ica)'*, Lake Lanao (Philippines)? and 
elsewhere. Similar concern has recently 
been expressed about introductions into 
Lake Kinneret, Israel!ó. The introduction 
of seemingly innocuous organisms, even 
those whose ecology has been much 
studied, can have unforeseen (and unfore- 
seeable) consequences. Such have followed 
the introduction of the mysid crustacean 
Mysis relicta into certain lakes where it was 
hoped it would increase fish yields. For 


i example, in one well-documented case it 


virtually eliminated planktonic cladocerans, 
an important food for fishes”. As a result 
a group of experts has unanimously 
approved a resolution that a complete 
moratorium be imposed on future 
introductions!*. 


With one disaster accomplished in | 


Africa, we urge those interested in improv- 
ing the fisheries of Lake Malawi, whether 
in FAO or other bodies offering technical 


| and scientific assistance, to concentrate on 
Tanganyika should be introduced into Lake | 
| stocks, efficient distribution of catches and 


rational exploitation of the indigenous fish 


the reduction of unnecessary losses during 
preservation and storage. It is in addressing 
these questions, rather than in indulging in 


potentially dangerous introductions, that 


true progress can be made. 


Lake Malawi is not only an important | 


source of protein but is a site of interna- 
tional significance as a laboratory of evol- 
ution. Its future to the welfare of those who 
crop it, and to the international scientific 
community, is too important to be 
jeopardized by those who, with no means 
of predicting the consequences, would 
introduce alien fishes. We, of several 
nationalities, with experience of African 











lakes, therefore urge the governments of 


the states bordering Lake Malawi (one of 
which is Tanzania whose Lake Victoria 
fisheries are now threatened by the Nile 
perch) never to allow such introductions. 
The introduction of alien species could 
seriously jeopardize the food supplies and 
livelihoods of future generations. Such an 
action, the outcome of which is unpredict- 
able, and scientifically indefensible, 
could prove disastrous to the continued 
existence of the viable Malawian fishery. 























































Conclusions 

Fishes have often been moved from lake 
to lake, sometimes with the laudable goal 
of increasing the yield of human food. Ex- 
cept in fishless lakes and man-made reser- 
voirs, such efforts have failed to achieve 
the desired objective, and sometimes the 
results have been disastrous. When large 
lakes whose fisheries are of immense 
importance as sources of human food are 
involved, especially in areas where other 
animal protein is scarce, much is at stake. 
A major scientific objection to such 
introductions is that the outcome is often 
unpredictable. Detrimental consequences 
can sometimes be predicted, as in the case 
reported here, but as controlled experi- 
ments cannot be carried out, and the reac- 
tions of the organisms involved cannot be 
determined in advance, a large element of 
guesswork is inevitable. The outcome is 
also often 
danger, not considered here, is that intro- 
ductions may lead to the introgression of- 
new genes. This can hamper taxonomic and 
evolutionary studies and hinder progress in 
aquaculture, as is happening among the 
economically important tilapiine cichlid 
fishes of Africa”. g 
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Does the ocean—atmosphere system have more than 
one stable mode of operation? 
Wallace S. Broecker’, Dorothy M. Peteet! & David Rind‘ 
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The climate record obtained from two long Greenland ice cores reveals several brief climate oscillations 
during glacial time. The most recent of these oscillations, also found in continental pollen records, has 
greatest impact in the area under the meteorological influence of the northern Atlantic, but none in 
the United States. This suggests that these oscillations are caused by fluctuations in the formation rate 
of deep water in the northern Atlantic. As the present production of deep water in this area is driven 
by an excess of evaporation over precipitation and continental runoff, atmospheric water transport may 
be an important element in climate change. Changes in the production rate of deep water in this sector 


of the ocean may push the climate system from one quasi-stable mode of operation to another. 








MANY feedback loops that may amplify climatic change have 
been proposed, one of which has recently caught the imagination 
of palaeoclimatologists. Suggested by the atmospheric CO,- 
content record recovered from the polar ice caps! ?, this scenario 
involves interactions between climate and ocean circulation ^". 

To appreciate the significance of the observations on polar 
ice, one must be aware of their context. Over the past several 
decades studies on deep-sea cores have provided a detailed 
history of climate during the past million years**'9. The first 
picture that emerged was that continental glaciers have waxed 
and waned on a timescale of 100 kyr?. These climate cycles are 
asymmetric, involving long periods of glacial buildup suddenly 
terminated with rapid warmings. Further work revealed that 
these long intervals of glacial buildup were modulated by cycles 
of ~20 and ~40 kyr duration!" !*, closely allied in timing and 
relative amplitude to variations in seasonal contrast produced 
by cyclic changes ın the Earth's orbital elements! ^^, Orbital 
forcing is accepted widely as the primary cause of glacial cycles 
(Fig. 1). Because the exact linkage between changes in seasonal- 
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Fig. 1 a, Composite of the !#О/!®О record for planktonic 
foraminifera from several deep-sea cores!? This record primarily 
reflects changes in the amount-of continental ice in the Northern 
Hemisphere The more positive the 8'*O value, the more ice. b, 
Variation with time of the July insolation at 65? N (ref 51) The 
rapid disappearances of the ice that terminate the episodes of very 
large ice cover correspond to prominent peaks in summer insolation 
for the latitudes at which the excess ice was located. In addition, 
there is a strong coherence between the —20 and —40 kyr spectral 
components of ice volume and insolation records Taken together 
these ties between insolation and ice volume have convinced most 
scientists concerned with. palaeoclimates that the Earth's glacial 
cycles are driven by changes in seasonality brought about by cyclic 
changes in the Earth's orbital elements 


ity and changes in climate has yet to be established, however, 
the issue remains open. Although it 15 plausible that non- 
linearities in the response of snow and ice cover to seasonal 
variations drive glacial growth and retreat", it is not clear 
whether this mechanism alone is sufficient to do so. 


Ice-core record 


Scientists examining the oxygen 1sotope record preserved in ice 
cores from Greenland and Antarctica (see Fig. 2), checked 
whether the major features of this record matched those found 
in the deep sea. In one sense they did match. Glacial conditions 
prevailed from before 50to —10 kyr BP at which time a transition 
to interglacial conditions occurred. Once this transition was 
complete, climate remained remarkably uniform. No evidence 
for the 20 and 40 Куг cycles characteristic of orbital forcing 
appears in the ice-core record, in part because the record extends 
to only —100 kyr BP and in part because of the exponential 
foreshortening with depth of the thickness of ice representing 
a single year. This flow-induced distortion produces a consider- 
able uncertainty in the ice-core chronology before 10 kyr BP. 
Although not showing the orbital periodicities, the ice-core 
record for glacial time does show many brief events during 
which climatic conditions returned about halfway to their inter- 
glacial state Because such events would be blurred totally by 
the stirring of worms in all deep-sea sediments with typical 
accumulation rates (that is, a few centimetres per kyr), this 
finding is not in conflict with the marine record. However, as 
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Fig. 2 Oxygen isotope 
records for ice cores* 
from Сатр Century, or 2935 -30 
Greenland (on the nght) 
and Byrd Station, Antarc- 
tica (on the left) These 
records reflect mainly 
changes їп air temperature 
over the ice cap. The more 
negative the 8!?O value. 
the colder the air tem- 
perature. The timescales 
are very approximate as 
there are as yet no direct 
radiometric ages for the 
glacial sections of the ice. 
Note that the glacial por- 
tion of the Greenland 
record shows a number of 
events of «1,000 yr dur- 
ation. These events are 
muted (or absent) in the 
Antarctic record. 
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Fig. 3 Comparison between the °0/'°O records for the Camp 

Century and Dye 3 sites in Greenland for the time period —40 to 

—8 kyr BP. For each core a depth scale (metres above bedrock) is 

given After some adjustment of the Dye 3 depth scale a good 

match 1s achieved between the records in the two cores (Results 
obtained by Dansgaard et аі‘) 


these idiosyncrasies of the ice-core record were not seen in other 
records, the initial temptation was to pass them off as climate 
‘noise’ without global significance. A rapid succession of findings 
has since changed this view of the noise, now the focus of much 
interest. ‘ 

First, ‘*O/'°O measurements by Dansgaard et al. on a second 
long соге from Greenland" revealed the same events as the first 
(see Fig. 3), indicating that the events were both real, and 
occurred throughout Greenland Second, the events were recor- 
ded not only by !50/!50 ratio changes but also by dust!5, Be 
(ref. 16), SOs, NO, and CI content!" changes in the ice. The ice 
formed during the warm events is similar to interglacial ice with 
respect to these properties. Third, the !*O/!5O pattern found 
for the most recent Greenland event was also recorded in CaCO, 
from lake sediments in Switzerland'®, which gave credence to 
a correlation made early on by Dansgaard et al? (see Fig. 4). 
In interpreting their !#О/!°О results for the Camp Century 
Greenland ice core, they suggested that the strong oscillation 
just before the onset of postglacial time was a record of the 
Alleród- Younger Dryas oscillation seen in pollen records 
throughout Europe. During the Alleród, trees abruptly replaced 
the grasses and shrubs that had characterized glacial time, only 
to be replaced by the cold flora characteristic of glacial time 
(see Fig. 4). This so called “Younger Dryas’ cold period lasted 
~800 yr (that is, from ~11 to ~10.2 kyr BP) before Holocene 
forests appeared. However, these results did not influence 
broader thinking about glacial cycles and their causes. 

A few years earlier Berner et al found that the CO, content 
of the air trapped in ice from the glacial sections of the Greenland 
and Antarctic cores was about two- thirds that for air trapped 
in ice from the interglacial sections’. Intrigued by the !%0/'%0 
events found 1л the ice and the apparent correlation of the last 
of these with an oscillation in plant cover seen throughout 
Europe, Oeschger and co-workers found that there were CO, 
changes associated with these events? In the Dye 3 core, 
oscillations (as recorded by the '*O/ всу ratio) were accom- 
panied by CO, oscillations of ~60 p.p.m (see Fig. 5). The CO, 
change was about two-thirds of the change that accompanied 
the major glacial-interglacial transition'*. Although Fig. 5 
shows only the CO, records for the oscillations within glacial 
time, a similar CO, change 1s found during the Allerod-Younger 
Dryas interval at the end of glacial time?? 
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Oeschger and co-workers are now searching for the CO; 
events in ice cores from the Antarctic. Whereas the other changes 
found in Greenland (that is, '*O, '°Be, dust, etc.) may have been 
restricted to the region under the influence of the northern 
Atlantic, the CO, change must, of course, be global Until 
confirmed in Antarctic ice, the possibility remains that the sharp 
changes in CO, content found in Greenland are artefacts of 
summer melting, which may have occurred during the warm 
events as it did at this low elevation site during much of the 
Holocene. We emphasize that although it was the discovery of 
CO, events that prompted serious consideration of possible 
Ocean circulation-climate linkages, our speculations below 
about possible multiple climatic modes do not depend on the 
validity of the CO, changes. 


Causes of atmospheric CO, change 


The finding from ice-core studies that the CO, content of air 
extracted from glacial ice was lower than that extracted from 
postglacial ісе!" stimulated investigations as to the origin of 
natural CO, changes, which must be rooted in ocean 
chemistry??? The first scenario for the 90-yatm rise in СО, 
content at the close of glacial ume called for the deposition of 
organic residues on the coastal shelves during the transgression 
of the sea that accompanied deglaciation. The subsequent find- 
ing of brief CO; events within glacial time, however, led to a 
re-examination of the question. If these CO, changes are typical 
of the atmosphere, then explanations involving the transfer of 
nutrient substances between the ocean and its shelf sediments 
must be abandoned. Such transfers could certainly not occur 
fast enough to produce 60-p.p.m. CO; changes in ~100 yr. To 
be viable, hypotheses will have to invoke redistributions of C, 
P and fixed N in the sea. Such redistributions are feasible if the 
ocean mixing and/or biological cycling change substan- 
tially*”*. This explains why CO; measurements on ice cores 
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Fig.4 Examples of records for the time period 13-9 kyr BP from 
Europe (pollen and !50/!50 in CaCO ), Greenland (190/!50 in 
ice) and the North Atlantic (% С. pachyderma 1n the planktonic 
foraminifera). All show the pronounced Alleród- Younger Dryas 
oscillation By contrast no such oscillation is seen in either pollen 
diagrams or 150/!5O records from the United States . 
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suggested links between climate and the joint operation of the 
atmosphere and ocean system. 

Three quite different scenarios have been proposed. 
Broecker’? pointed out that the evidence from deep-sea cores 
cited in support of his shelf-deposition hypothesis could also 
be explained by a change in the C to N and/or C to P ratio in 
the organic residues falling to the interior of the sea. A 30% 
decrease in this ratio was needed to explain the CO, drop at 
the end of glacial time. 

Broecker and Takahashi* pointed out that a change in the 
transfer rate of water between the cold- and warm-water spheres 
of the ocean would produce a redistribution of ECO, between 
these reservoirs and a consequent change in atmospheric CO, 
content. The reason is that the biological ‘pumping’ of carbon 
by organisms from the surface ocean to the deep ocean 1s 
compensated partly by a flow of CO, through the atmosphere 
from the cold- to the warm-water sphere. Hence, a change in 
the rate of transfer of water between these spheres alters the 
balance between these two competing effects. To explain the 
lower CO; content during glacial time, Broecker and Takahashi 
invoked a several-fold higher rate of transfer of water between 
these spheres. 

Three groups?" have arrived independently at a different 
ocean scenario. Having pointed out that a reduction in the МО; 
and PO, contents of polar surface waters (that is, more effective 
biological use) would produce the desired glacial CO; reduction, 
all three groups demonstrated that a decrease in the rate of 
exchange between polar surface waters and the rest of the ocean 
may result in reduced nutrient content of polar surface waters 
and, in turn, of the CO, content of the atmosphere. 

As the Broecker-Takahashi (B-T) ocean mixing scenario 
requires enhanced: mixing during glacial time whereas the 
Princeton- Bern- Harvard (P-B-H) scenario requires reduced 
mixing, the balance of evidence must be carried by marine 
sediments, which would allow one of these hypotheses to be 
eliminated. Indeed, the P-B-H hypotheses predict higher than 
Holocene 38'^C values for planktonic forams grown in the 
Antarctic during glacial time whereas the B-T hypothesis pre- 
dicts lower values. Unpublished °C results by N. Shackleton 
and R. Fairbanks on planktonic foraminifera from Antarctic 
deep-sea sediments strongly suggest that the reduction in surface 
water nutrient content required by the P-B-H hypotheses for 
glacial time did not occur. Radiocarbon age differences (deter- 
mined by accelerator mass spectrometry) between planktonic 
and benthic forams from glacial horizons in deep-sea sediments 
eventually may provide another basis for making a distinc- 
tion?525. It is possible that neither of these scenarios is correct. 

Although little is known about either ocean circulation or 
biological cycling in the past, one important clue has been found. 





Table 1 Freshwater budget for the North Atlantic Basin, including 
the Arctic, Mediterranean and Caribbean 





Input rate Freshwater 
fresh water flux 
Source (m уг!) (sverdrup) 
River runoff’? +0.21 +033 
Precipitation”? +0.87 +1.36 
Evaporation” -1.21 —1.89 
Mediterranean exchange” —0 07 —0.10 
Nett —0 20 —0.30 





The combined area of the North Atlantic basin (0°-80° N) excluding 
the Mediterranean Sea 1s 49 x 10 m?. For freshwater flux, 1 sverdrup 
represents a flow of a million cubic metres per second. 

* The exchange between the more salty waters of the Mediterranean 
Sea and the less salty waters of the open Atlantic leads to a loss of fresh 
water from the Atlantic. This process is driven by the high evaporation 
rate (relative to precipitation and runoff) for the Mediterranean Sea. 

f Using a deep water production rate in the northern Atlantic of 
20 x10 m? $"! and a salinity excess for this water of 0.50%, a fresh 
water flux of 03 sverdrups would be obtained, mdicating that no large 
discrepancy exists between oceanographic and meteorological budgets 
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Fig. 5 Detailed Рсо,-5 1*0 comparison for two sections of the 
Dye 3 Greenland core"?! The location of these sections are 
shown in the upper panel by the dark bands. The longer band 
represents a time interval of ~8 kyr and the shorter a time interval 
of ~2 kyr The sudden air temperature warmings indicated by the 
rise in !#О are accompanied by sharp rises in CO, content of air 
trapped in the ice (СО, results obtained by Oeschger et al) 


Evidence from faunal, chemical?! and isotope studies”?! of 


deep-sea sediments suggests that the production of deep water 
in the northern Atlantic, of great importance to the present-day 
circulation scheme, was reduced greatly during the peak glacial 
time. Most convincing is the finding by Boyle that the Cd content 
of benthic foraminifera from the Atlantic Ocean was higher 
during glacial time than today". In the present-day ocean, the 
Cd and PO, contents of various water types in the sea are 
correlated almost perfectly. Thus, the Cd distribution in the 
glacial ocean 1s a good substitute for the P distribution. Boyle 
has demonstrated that the Cd/Ca ratio in benthic foraminifera 
is proportional to the corresponding ratio in the water in which 
they grow. In the present-day ocean, the low PO, and Cd content 
of Atlantic relative to Pacific deep water is attributable directly 
to the formation of deep water in the northern Atlantic. The 
reduction in this difference (suggested by the glacial foram 
results) is thus indicative of a reduction in the magnitude of the 
deep-water production in the northern Atlantic at that time. 

Taken together, these arguments for the reduction of deep- 
water production in the northern Atlantic during glacial time 
are convincing. Is it possible then that the brief warm events 
recorded in the ice cores represent periods during which the 
glacially weakened northern Atlantic deep-water source was 
rejuvenated? 


Distribution of oscillations 


Adequate records are available currently to provide a picture 
of the geographical distribution for only the most recent fluctu- 
ation. This last oscillation appears 1n the records from both the 
Camp Century and Dye 3 cores from the Greenland ice cap 
and is found in pollen and !5O/!$0 ratio records from bog and 


lake sediments in western Europe. Evidence is also found in 


sediments in the northern Atlantic with an unusually high 
accumulation rate. Ruddiman and McIntyre showed that 
~13 kyr BP the boundary between polar waters and temperate 
waters moved from its glacial position to near its present position 
(see Fig. 6), and remained there —1 kyr before returning to its 
glacial position for several hundred years™. Finally; it returned 
to its present position where it remained throughout the 
Holocene. 





= REVIEW ARTICLE 








Fig. 6 Map showing the locations of sites at which sediments 
spanning the 13-9 kyr BP time interval have been studied???5 At 
sites designated by a+ an oscillation in climate corresponding to 
the Alleród- Younger Dryas 1s found. At sites designated by a— 
this oscillation has not been reported. The stipling corresponds to 
the area covered by ice just before the onset of the Allerod®. 
Positions of the polar front in the northern Atlantic during peak 
glacial, Alleród, Younger Dryas and Holocene time, as reconstruc- 
ted by Ruddiman and McIntyre??, and the locations of the two 
long ice borings in Greenland and of the two ocean cores referred 
to in Fig. 4 are shown. 


There are 750 European sites whose pollen records contain 
an oscillation in the 13-10 Куг period?. In contrast to the 
European pollen record is the lack of evidence for this event in 
the United States**. Recent research on cores from lakes and 
bogs in New Brunswick, Nova Scotia and Newfoundland???6, 
however, indicate that the oscillation was felt in the eastern 
regions of maritime Canada. This evidence is summarized in 
Fig. 6. Thus, as proposed by Mercer”, we may be dealing with 
a regional change in climate involving primarily the ared under 
the climatic influence of the northern Atlantic Ocean. Because 
evidence for such an oscillation has been found elsewhere, that 
is, in the cordillera of South America?*-*' and in New Zealand ^, 
the situation may well be more complicated. This event is muted 
or absent in the '80/'O ratio for the Byrd Station Antarctica 
record (see Fig. 2)*. 


Climate impact of deep-water production 


The turning on and off of deep-water production in the northern 
Atlantic would be expected to produce a regional climate 
change. The rate of production of deep water is now —20 
Sverdrups (that is, 20,000,000 m? s7!)^* The water feeding the 
source region for the deep water has a temperature of ~10°C, 
whereas the new deep water leaving the region has a temperature 
of ~2°C. Thus, as a byproduct of deep-water formation ~5 х 
10?! cal of heat are released to the atmosphere each year, an 
amount corresponding to ~30% of the solar heat reaching the 
surface of the Atlantic Ocean in the region north of 35° N. 

To test the geographical distribution of the impact of turning 
on and off this source of heat, an experiment was performed 
using the general circulation model for the atmosphere 
developed by the Goddard Institute for Space Studies. A com- 
parison was made between the air temperature for a model run 
with present-day ocean conditions and for a model run with the 
surface ocean temperatures in the region north of the glacial 
polar front (see Fig. 6) cooled to the levels estimated by the 
CLIMAP (1981) reconstruction for glacial бте“. The results 
of this experiment will be published elsewhere. The. air- 
temperature anomaly generated by this change in sea surface 
temperature spreads across Europe. A cooling is seen in extreme 
north-eastern North America whereas no corresponding 
anomaly is seen in the United States or over Antarctica. The 
results are, therefore, consistent with the pollen and ice-core 
evidence. Although this experiment does not prove that the 
Alleród- Younger Dryas event was caused by changes in the 
rate of deep-water production in the northern Atlantic, it 
does suggest that were such changes to have occurred they 
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would have produced climate changes with the observed 
regional pattern. 


Deep-water production changes 


The most difficult question 1s why the production of deep water 
in the northern Atlantic may have resumed for brief intervals 
during glacial time. For an answer, we must consider the proces- 
ses important to the present-day production of deep water in 
the northern Atlantic and for the absence of equivalent produc- 
tion in the northern Pacific. Oceanographers agree that the 
contrast between the two northern oceans is rooted in the large 
salinity difference. The waters of the northern Atlantic are saltier 
than the mean for the upper ocean, whereas the waters of the 
Pacific are fresher. The Atlantic's extra salt allows waters of 
density as great as any found in the deep sea to be generated 
during the winter months. By contrast, even if cooled to their 
freezing point, northern Pacific waters achieve a density no 
greater than that of intermediate depth water. 

An approximate fresh water budget for the northern Atlantic 
and its satellite sea, the Mediterranean, is given in Table 1. 
Despite the fact that this region receives a sizeable portion of 
the world's river runoff, it loses an even greater amount of water 
through an excess in evaporation over precipitation. The result- 
ing net loss of fresh water leads to the salt enrichment observed 
in the northern Atlantic. The salt budget for the North Atlantic 
must be balanced by the export of salty deep water to the Pacific 
and Indian Oceans. On a global scale, the water (and salt) 
budgets of the surface ocean must balance; thus, the fresh water 
lost from the Atlantic must re-enter the ocean elsewhere. Pole- 
wards of 30? N, atmospheric transport produces a net divergence 
of water vapour over the North Atlantic and convergence over 
the North Pacific east of the dateline^*. Thus, if we are to 
understand what maintains deep water production in the pres- 
ent-day ocean, we must understand why fresh water is being 
pumped through the atmosphere from the North Atlantic to the 
North Pacific. 

Warren, addressing this question*’, has shown that this pump- 
ing can be explained nicely by the temperature difference 
between the two oceans. The waters north of 30? latitude in the 
Atlantic are warmer than their Pacific counterparts. Thus, water 
is being distilled off the *warm' Atlantic and condensed on the 
‘cold’ Pacific. If so, then it is the temperature difference on 
which we must focus. What maintains it? 

To some extent the warmer temperatures for the surface of 
the northern Atlantic must be related to the deep-water forma- 
tion process. Upper waters in the Atlantic are advected north- 
ward into the regions of deep-water production. This advection 
carries heat to high latitudes. By contrast, in the northern Pacific, 
deep water upwells to the surface and is carried south ward in 
the upper ocean. In this sense the situation is self-sustaining. 
Stommél?? and Rooth?? have discussed the possibility that ther- 
mohaline circulation has more than one stable mode The deep- 
water circulation pattern maintains surface temperature of the 
northern Atlantic at a higher value than that for the Pacific. This 
temperature difference causes the Atlantic to be enriched in salt, 
whose excess leads to deep-water formation. At steady state, 
deep-water production must carry away just the amount of 
excess salt left behind by the atmospheric transport of water 
from the Atlantic to the Pacific. The standing excess of salt in 
the northern Atlantic is presumably just high enough to allow 
the generation of water sufficiently dense to enter the deep 
Atlantic. 

This brings us to the fundamental question of this review— 
does the ocean-atmosphere system have more than one mode 
of operation? The idea that the Earth could, under the same 
solar heating regime, have quite different temperatures depend- 
ing on its ice albedo or atmospheric greenhouse gas content is 
not new. Climate modellers have long been aware of the white 
Earth catastrophe scenario. If somehow the Earth were to be 
covered with ice, the greatly increased reflectivity of its surface 
would cause the temperature to fall below the freezing point 
and thereby stabilize the change. They have also considered the 
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Fig.7 a, b, Two possible extreme modes of ocean circulation are 
proposed here, corresponding to the warm and cold intervals seen 
in the ice-core record. c, The times when the ice-core record shows 
the system to have been locked in its warm mode, to have been 
locked in its cold mode or to have been oscillating between these 
modes are shown with the 1ce-volume record and the Northern 
Hemisphere high-latitude summer insolation record. The intervals 
of warm Greenland climate correspond to intervals of low 1ce 
volume and high summer insolation and the intervals of cold 
Greenland climate correspond to times of high 1ce volume and 
low summer insolation. The intervals when Greenland climate 
oscillated between warm and cold corresponded to times when the 
ice volume-summer insolation product had intermediate values. 
This suggests that the atmospheric transport of water vapour 
between the Atlantic and Pacific changes with ice cover and summer 
insolation. 


greenhouse catastrophe. If somehow the carbon locked up in 
sediments were to be released to the atmosphere, the enhanced 
infrared absorption would raise the planetary surface tem- 
perature to the point where carbonate minerals and organic 
residues could no longer form and thereby stabilize the change. 
Based on the CO, results from ice cores, Oeschger suggested 
that the Earth had two modes of ocean-atmosphere-biosphere- 
cryosphere operation. Each oscillation observed in the ice cores 
involves a jump from one mode of operation to the other. 

It is tempting to speculate that one of Oeschger’s two modes 
corresponds to the situation when deep-water production in the 
northern Atlantic is ‘strong’ and the other to the situation when 
deep-water production is ‘weak’. If this is the case, then the 
palaeoclimatic record tells us that, for the summer insolation 
and ice-cover situation that prevailed during the full interglacial 
time, the system was in the ‘strong’ mode and for the correspond- 
ing situation that prevailed during full glacial times it was in 
the ‘weak’ mode. Because 1n the present-day ocean the deep- 
water production corresponds to salt enrichment in the Atlantic, 
it is tempting to postulate that during full glacial time the 
opposite was true. Then, salt was being enriched in the Pacific 
and deep-water flow was the reverse of what it is now (see Fig. 
7). Based on oxygen isotope studies on North Pacific cores, 
deep water may have been produced in the Pacific Ocean during 
glacial time (N. Shackleton, personal communication). On the 
other hand, it is possible that the rate of salt enrichment in the 
Atlantic was considerably less during glacial time, causing a 
reduction in deep-water production rather than a reversal in 
flow. Boyle’s Cd data favours this latter point of view. 
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The Oeschger climate oscillations occur in intervals with 
climates lying between those characterizing full glacial and full 
interglacial time. If, as the summer insolation at high northern 
latitudes- increased and once again the atmospheric vapour 
transport balance favoured salt buildup in the Atlantic, then the 
production of deep water would resume (or intensify), releasing 
excess heat to the atmosphere over the northern Atlantic. This 
excess heat would lead eventually to increased discharge of ice 
from the caps surrounding the Atlantic. If 3% of the excess ice 
present during full glacial time were added to the Atlantic Ocean 
by melting during а 100 yr interval, the mean freshwater flux 
would be 0.6 sverdrups (that is, twice the present imbalance 
between fresh water and loss for the Atlantic). Thus, the melt 
water generated in this way would significantly reduce deep- 
water production, returning northern Atlantic climates to their 
glacial state. This, in turn, would halt ice retreat and allow the 
northern Atlantic salt buildup to resume. Thus, it is possible 
that during periods of ice retreat the system oscillates between 
the North Atlantic ‘strong’ and ‘weak’ modes of deep-water 
production. Although the physics of such an oscillation has yet 
to be elucidated, two elements are evident. The first involves 
water storage in and release from the large Northern Hemisphere 
glacial ice caps adjacent to the Atlantic. The other involves the 
transport of salt through the deep sea. As water now resides for 
many hundreds of years in the deep sea, transients in the 
deep-ocean salinity distribution created by ventilation changes 
may be an important element in the oscillator. 


Climate modelling 


Until now, our thinking about past and future climate changes 
has been dominated by the assumption that the response to any 
gradual forcing will be smooth. But if, as proposed by Oeschger, 
the system has more then one quasi-stable mode of operation, 
then the situation is more complex. Present general circulation 
models will at best allow us to study only the changes that will 
take place if the system remains in its current operational mode. 
Thus, if the changes that characterized glacial time and those 
that will characterize the coming CO, superinterglacial time 
involve mode switches, investigations of the transient climate 
response have to allow for this possibility. 

Despite the tenuous nature of the information presently avail- 
able and of the difficulties inherent in thinking in terms of mode 
changes, we must begin to explore this alternate track. The 
programme elements required are clear. At least we must have 
a joint ocean-atmosphere general circulation model that will 
allow the exploration of several possible connections between 
planetary radiation, atmospheric water transport, ocean circula- 
tion, atmospheric trace gas content and the marine and terrestrial 


` biosphere. If we are to have confidence that these models provide 


reliable analogues to the real world, we must gather more 
information about how each of the important subsystems oper- 
ates in the present. Finally, we must extract all possible informa- 
tion from the palaeoclimatic record. Even given the full use of 
present resources, it will be several decades before we possess 
sufficient understanding to predict future climates. Unless we 
intensify research in these areas, the major impacts of CO, will 
occur before we are prepared fully to deal with them. 
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. Powerful extragalactic masers 
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Two strong extragalactic OH masers have been detected in the galaxies NGC3690 and Mrk 231 which are in the same 
class as the megamaser source 1C4553 (Arp 220). The amplification model for the background continuum proposed for 
1C4553 can account for most of the powerful OH maser lines and for part of the H,O emission. Most masing galaxies 
have sufficient infrared flux to pump the masing regions, except that the Н.О pumping must occur at a much higher 


conversion efficiency than the OH pumping. 


THE extraordinary strength of the few OH and H,O extragalactic 
masers'^!! suggests that there are emission processes occurring 
in these sources which differ significantly from those that occur 
in galactic masers!^P, By far the most luminous OH maser 
detected to date is in the source IC4553 (refs 4, 14), whose 
maser emission is superposed exactly on the continuum source 
in the nucleus of the galaxy'*". This strongly suggests the 
presence of amplification of the flux from the nuclear continuum 
source by a foreground molecular region. The masing region 
may have a relatively low gain and may not have been observable 
in the absence of the background source. 

This article presents the recent detection of two,powerful OH 
megamasers 1n the galaxies NGC3690 and Mrk231. Because of 
their similarity to the emission in 1С4553, most of the powerful 
extragalactic OH maser emission can be interpreted with the 
continuum amplification model proposed for IC4553. This con- 
cept can be extended to the H,O maser emission as well. 


New detections 


A search for OH absorption or emission in 110 galaxies with 
strong continuum sources in June 1984 used the 91-m telescope 
of the National Radio Astronomy Observatory (NRAO) in 
Green Bank, West Virginia, which brings the total number of 
galaxies searched at Arecibo and Green Bank to 240. А cooled 
gallium arsenide field-effect transistor receiver with'a total sys- 
tem temperature of 27 K was used in combination with a 396- 
channel autocorrelation receiver, which was split in two' banks 
for the two circular polarizations. The sensitivity of the 91-m 
telescope is 1.1 К Jy! at 18 cm. Very gentle third-order baselines 
were subtracted from the data. 

Strong OH emission was detected ih two systems, NGC3690 
and Mrk231'*, Several new OH absorption features were detec- 


ted, among which are the line NGC3079? and a tentative detec- 
tion in the H;O maser galaxy NGC4258. The absorption results 
will be.published separately (W.A.B. et al., in preparation). The 
results on the new OH maser sources are summarized in Table 
] and Figs 1 and 2. 
NGC3690. The nuclear activity 1n the interacting galaxy pair 
NGC3690/1C694 (Mrk171) is one of the prime examples of 
starburst activity’’. The pair of Sc galaxies is depicted in plate 
299 of Arp's catalogue’*. NGC3690 exhibits the most luminous 
optical emission lines of any non- -Seyfert Markarian galaxy”? 
and is also a very strong infrared source???" The radio source 
in NGC3690 has a triple structure and the 10-~m emission and 
optical line emission are superposed perfectly on this triple". 
Prominent neutral hydrogen absorption towards the radio 
nucleus of NGC3690 has been seen at the VLA”. This broad 
arid deep absorption line has a double structure with a separation 
of 160 km s! and can most readily be interpreted in terms of 
nearly edge-on ábsorbing disks (in agreement with the optical 
image). Optical studies?^ also indicate a velocity spread across 
the nuclear region of ~125kms™ increasing to the west. 
NGC3690 is a strong CO emitter; emission of this gas follows 
the infrared and radio structure of the galaxy (P. Salomon, 
personal communication; W.A.B. and R. W. Freund, unpub- 
lished results). The CO emission also has two peaks at —130- 
km s^! separation. 

The OH emission spectrum of NGC3690 is presented in Fig. 
1. The 1,667- and 1,665-MHz lines are clearly visible in the 
spectrum and are merged slightly. The features have been 
verified recently using the Very Large Array (VLA)-A. The 
double structure in the 1,667-MHz line agrees quite well with 
the two H 1 absorption features. Assuming the high velocity OH 
component originates at the west continuum component and 
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Fig. 1 The OH spectrum of NGC3690 obtained using the 91-m 

telescope of NRAO. The integration time 1s 59 min; the velocity 

scale refers to the 1,667-MHz feature. The 1,665-MHz feature is 

offset 351 km s^! from the 1,667-MHz line The pair of long arrows 

indicate the centre velocity of the features. The two pairs of short 

arrows indicate the double structure found in the H 1 and CO 
features 


4000 


the low velocity component at the east, the optical depths for 
the two components are ——0.08 and —0.15, using the respective 
radio continuum fluxes. This suggests a correlation between the 
infrared flux and the maser gains, because the infrared flux from 
the west is —2.5 times that from the east. 
Mrk231. This is one of the most prominent Sy1 galaxies and is 
considered to be a prime example of Seyfert properties. 
However, Mrk231 is unique among Syl galaxies for its red 
colours and its strong interstellar absorption lines?. Most of its 
luminosity lies in the infrared?^?!, The nucleus of Mrk231, 
having a strong unresolved radio source coincident with the 
optical continuum peak, cannot be modelled simply with bursts 
of star formation??, Nevertheless, Mrk231 is one of the few 
nuclei that shows both Seyfert 1 properties and evidence of star 
bursts”. ` 

Mrk231 has optical emission-line velocities that are different 
from the absorption-line velocities". Broad H 1 absorption has 
been found at the lower redshift??5, suggesting the presence of 
an edge-on disk structure. Gaussian fits of the OH emission 
lines detected in Mrk231 (Fig. 2) indicate a velocity which is 
l4kms™' higher than the Ні absorption velocity. For an 
isotropic emission pattern, the emission in the 1,667-MHz line 
alone is 2,500 Lo, which is 3.5 times greater than that of 1C4553. 
The luminosities quoted for the masers are isotropic. It is, 
however, probable that the maser emission is not isotropic and 
that the beaming is different for the OH and the H,O masers. 
Assuming that the maser emission in Mrk231 originates in a 
cloud that exponentially amplifies the continuum flux?, the 
peak optical depth required for explaining the 1,667-MHz lines 
is —0.3. If all emission in Mrk231 occurs in front of the «0.3" 
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Fig.2 The OH spectrum of Mrk231 The integration time for the 

spectrum 1s 29 min. The arrows indicate the centre velocities for 

the two features obtained with Gaussian fitting. The Н 1 absorption 

velocity lies 14 km s ' below this. The velocity scale refers to the 
1.677-MHz feature. 


compact source the brightness temperature of the 1,667-MHz 
peak is 73.6 x 105 К. 


OH megamaser 1C4553 


The case of the OH maser source іп [C4553 may be taken as а 
basis for the discussion of extragalactic masers. 1C4553 (Arp220) 
has been studied extensively in different wavelength regimes 
and the data reveal a rather complete picture of the properties 
of the different masing regions. 

The galaxy IC4553 has been detected in emission at all four 
18-cm transitions of OH. The two main lines have been presented 
earlier*. The 1,667-MHz feature has a peak strength, which is 
0.82 of that of the continuum source, whereas the peaks of the 
1,665-, 1,612- and 1,720-MHz lines are respectively 0.24, 0 08 
and 0.03 of the 1,667-MHz peak flux (W.A.B., in preparation). 
VLA-A'* and MERLIN" observations at 18 cm show that the 
line emission is exactly superposed on a triple continuum struc- 
ture of 0.6 x 2.0". 

The high-resolution results indicate that the bulk of the masing 
material is part of a rotating molecular disk centred on the 
nuclear continuum source!*P, A second distinct emission region 
exists on the eastern side of the source, which has a radial 
velocity ~300 km s^! higher than the systemic velocity of the 
molecular disk!^. In Н 1 the galaxy IC4553 displays a very strong 
and broad (740 km s^!) absorption line? VLA-A observations” 
at 21 cm reveal that the bulk of the absorption also results from 
a rotating disk, which belongs to the same large-scale structure 
as the molecular disk and is centred on the nuclear continuum 
radio source. The high-velocity OH emission feature has also a 
counterpart in H 1 absorption 


Table 1 OH megamasers 





Isotropic 
luminosity Continuum 
Alternative Vi.(€H1) > Vou Lou(1,667). flux 
Name names (kms) (kms™!) (Lo) (mJy) 
NGC3690 Arp299 3,115 ' 3,101 85 220 
Mrk171 (23) 140 
(7) 
1C4553 Arp220 5,350 5,373 700 218 
5,659 5,642 
(30,31) (4) 
Mrk231 008058 12,638 12,650 2,500 160 
(23,28) (29) 


References are given in parentheses 


Brightness 
Line flux Hyperfine Optical temperature 
1,667 MHz 1,665 MHz ratio depth T 

(mJy) (mJy) Ry 7 (1,667) (K) Comments 

18 4 45 —0 08 —5x10^ East component 

21 7 30 —0 14 —5x10? West component 
280 36 54 -07 3x10° Region 1(14) 

20 8 24 Region 2 

—0 28 23x10* 


51 22 23 


8 
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' Table 2 Comparison of extragalactic OH and H,O masers 
. Isotropic ` ` 
Absorption OH line  Isotropic 2 ‘ 
Р š Nuclear column density Infrared Luminosity luminosity H,O line Radio И 
Alternative — Distance$ spectral ` „Hı OH luminosity ratio R, 1,667 MHz luminosity, ' “continuum 
Name name | (Mpc) classification Е Nu/T, | Nou/ Tex (Lo) р Lary/ Lio) (Lo) ' (Lo) 
NGC253 31 (ON 34x10? 427x105 15x10! — 2x10"! — Extended, compact Маш OH lines 
MN + ` (24, 36) (63, 64) (11) (20, 21) (11) core (56, 63, 64) : m 
NGC520 42, H ., »20x10? 43x10 86x10 > 6 5x10? — Сотрасі, with ` 1,667-MHz OH 
(24, 36) * (3,50) '(3)7 (49) (3) extension (56) line 
NGC3690 Arp299 56 H > 11x10 — 74x10! 10 85" — Тпріе compact, Main OH lines 
Mrkt71 (24, 36). (23) (17, 22) (22) {this paper) extended (17)... 
1C4553 Агр220 ‚98, SorH 11x10. > 2x10! 80 \, 700 —.  Compacttriple, ° Mairi OH lines 
- (24, 36) (30,31) (34) '(34) (4,14) (15) dide | ТИСУ 
Mrk231 1008058 226 SS 28x10? = 4x10"? 27 2,500 — Compact, weak Main OH lines 
(24, 36) (23, 28) (20, 21, 25) .(34) (this paper) oo y extension (20) 
M82 NGC3034 35 "UH . — 2x10? 8x10% 4x10? ; в 36x107 LS . Compact source Main OH lines 
(24, 36).. (1,2) `(1,2) (20,21). (34) (1,2) (6) disk extension , 
E 1 a (1, 2, 57) 
Circinus 4 S? e i= 12x10!9 == = 35: d 6 
| SF (52,53) (10) : 
NGC4258 “9.5 5, 1. —., 5x10" 6х10® >03 — 157. Extended S-shaped 
(24,36) . . @ (54) 5,6,7) — at20 cm (58, 59) 
NGC4945 81 s(?) 66x10? ^ 1x10/$" 22x10? = 3x107 240 Extended at 1,612-MHz OH 
(50) (50, 55) (52) - (55) (7,8,9) 20cm line 
NGC1068 20 S 8x107  «gxi10^ 3x10" 5 = 320 Compact S-shaped 
ч (51) (39): (20) . (6,7) (56, 60) 
NGC3079 21 LS * 76x10 1x10" 4 1 960 Compact core, 1,667-MHz OH 
(24, 36) (5). (53)' (5,7) extended line 
| ' Pau r structure 
7 ‘at 20 and 6 cm ‘ 


(61) 


4 





References are given in parentheses. The marginal detections of H5O'i in NGC69465" and NGC6240” have not been included in the table.. 


* Н t absorption in NGC3079 таубе evident from the published spectrum of Shostak™ 


t The strength of the OH maser lines in N3079 1s not yet known. 


t A tentative detection has been made of OH absorption in NGC4258 (УУ АВ, A.D Haschick & J.T. Schmelz, in preparation). 


8 Hos55kms^! Mpc” ! 


The optical appearance е of the galaxy’ 1C4553 TANT that 
the galaxy is definitely the result of a recent merger (see plate 
no. 220 in Arp!?). Recent optical studies indicate that the dark 
band, which divides the image in half, is a dust lane??? The 
disturbed appearance of the dust lane suggests a disk structure, 
similar to that seen in M82 (ref. 33). The outer optical structure 
resembles that of the merging -pair in the ,‘Antennae’ 
(NGC4038/9). The notion of tidal interactions is supported by 
the high velocity H 1 gas (in absorption) and OH gas (in 
emission). No Н 1 emission has been seen in 1С4553 (ref. 31). 

1C4553 is a very prominent infrared source as has been found 
recently by IRAS?" and ground-based instruments?. The 
infrared source in IC4553, with a minimum size of ~1 4" апа 
a spectral temperature of 61 K^ (refs 34, 35), is centred on the 
position of the continuum source???^ in the centre of the dust 
lane. 1C4553 is unique among the infrared galaxies because it 
has the highest known ratio of infrared luminosity to blue 
luminosity (Ry, = 80). This high ratio could indicate that a. 
powerful burst of star formation i is in progress. Optical emission 


E П 
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of the maser emission is caused by amplification of the radio 
flux from the nuclear continuum source by foreground molecular 
material. Here I apply this model to the two newly discovered 


‘OH masers and to extragalactic H,O masers. The OH and H2O 


molecules in molecular clouds may be inverted partially by the 
infrared radiation field or other pumping processes. This rela- 
tively weak population inversion occurs in relatively extended 
molecular structures, in contrast to the stronger but more local- 
ized population inversions around condensed Н 11 regions which 


. characterize masers,in our Galaxy. Because of its low exponen- 


tial gain, the molecular material is not observable as a maser 
when observed on its own. However, when a background: source 
is placed behind thé dou it can amplify the. continuum flux 


“to an observable level. 


To‘obtain the correct contested for continuum amplifica- 
tion the following ingredients are required: (1) the presence of- 
a background continuum source, possibly in the, centre of the: 


ае, (2) а nearly edge-on molecular disk, thus increasing the 


lines suggest Seyfert-like (Sy2) properties, but they would not, 


be inconsistent with an Н п region spectrum?^2295, Starburst 
models as well as Seyfert models (as needed for Mrk231) present 
difficulties in explaining 1C4553 because of the. heavy dust 
obscuration^^?5, 1C4553 exhibits strong Н, emission®””**; which | 
could be explained by shock excitation of interstellar clouds. 
No flux was detected in a 455-min exposure in the short ultravio- , 
let wavelength regime with the IUE telescdpe (W. A. p: and R. 
Panek, unpublished results). 
There is still controversy as to the nature of the galaxy 1C4553. 
The nucleus may be the advanced stage of a merger of two' 
‚ nuclei or the nuclear activity has been triggered. by. a. tidal 
interaction, which also resulted in a disturbed outer structure. 
The radio and infrared sources could be evidence, either of 
Seyfert activity or of a starpürst embedded in the very dusty 
nuclear region. 


Working model 


probability of seeing a molecular cloud with an inverted popula- , 
tion along the line- of-sight; (3) a pump for inverting the 
molecular material. 

Below, I address these аен іп тоге detail and ран 


. the current evidence in support of such a model. Some of these 


characteristics have already been mentioned in relation to the 
masers in IC4553 (refs 14, 15, 32) and NGC3079 (ref. 5). The 


' main characteristics of all prominent masing galaxies are given 


in Table 2. 

Continuum sources, Most known: masing galaxies are lare 
ized' by compact nuclear continuum sources, some of which also 
have an extended nuclear structure. However, the crucial ques- 
tion is where the maser emission occurs relative to the continuum 
source. In the case of 1С4553, е, maser emission is exactly 
superposed on the continuum structure and the emission and 
continuum contours are unmistakably the same'*!5, Spectral 


B 


line studies of the new OH maser sources at the VLA are not 


"m 


On the basis of the observational results on the OH megamaser 


` in IC4553, a model!*^'? has been suggested in which the'bulk 


yet available, but the available evidence, for NGC3690 strongly 
suggests that the OH emission originates at the location of the 
three continuum sources. Mrk231 has a compact nuclear radio 


source. In the case of M82 the OH maser emission does not 
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originate at the peak of the continuum map’, but the continuum 
flux 1s still considerable at the maser locations and maser amplifi- 
cation 1s certainly plausible. For the H,O masers, a coincidence 
of maser and continuum emission has been found in three cases. 
The prominent maser feature in NGC3079 (refs 4, 6) coincides 
with the nuclear source at 2" resolution with the VLA-D (A. D. 
Haschick and W.A.B., unpublished results). Similarly, the 
prominent feature in NGC4258 falls on a weak source in the 
extended'continuum structure, whereas the high-velocity feature 
in NGC1068 coincides with one of the eastern continuum knots 
(M. J Claussen, personal communication). VLBI and VLA-A 
studies are in progress to determine these relative positions. 
Molecular disks. The main observable characteristics (besides 
the optical image) of seeing a galactic disk edge-on are high 
absorption. column densities. Most masing galaxies show 
evidence of H and/or OH absorption and some have the highest 
known Н т absorption column densities. The masing galaxy with 
a low H 1 absorption column density, NGC1068, also has a 
relatively low inclination angle; a severe upper limit has been 
found for its OH absorption column density (ref. 39; W.A.B. et 
al., in preparation). The molecular disk in our Galaxy is inclined 
by an angle of 25? relative to the H 1 disk; this might be true 
for other galaxies. A recent compilation of all known OH absorp- 
tion lines indicates a correlation of the OH absorption optical 
depth and the estimated inclination angle of the galaxy’. This 
result supports the notion that most of the absorbing OH 
molecular clouds are confined to a relatively compact disk, 
approximately aligned with the large-scale disk of the galaxy. 
Pumping mechanisms. Here, I assume that the masing molecular 
gas is contained in molecular clouds that are not necessarily 
next to compact H 11 regions. Diffuse molecular gas can have 
maser action, as has been seen for the galactic molecular clouds 
along the line-of-sight to the continuum source 3C123 (ref. 41). 
The 1,720-MHz emission line is found to be stronger on-source 
than off-source, which can be readily explained with weak 
amplification at 1,720 MHz of the continuum flux of 3C123 as 
it passes through the molecular cloud. This is the only known 
definite example (besides 1С4553) of amplification of a back- 
ground continuum 

The pumping agent for the OH in molecular clouds is probably 
the far infrared radiation from dust^^?. For 1C4553, all four 
18-cm OH transitions have been seen in emission, which is 
unusual because generally either 1,720 MHz or the other three 
lines are in emission, but not all four. The pumping of H;O 
masers is still subject to study. For Н,О/Н п masers it is difficult 
to explain how such large maser fluxes emerge from clouds of 
such small sizes. Collisional processes may be the dominant 
pumping mechanisms for H,O таѕегѕ'?. 

Most galactic OH and H,O masers are thought to be satur- 
ated'^?, which means that there 1s a steady production of 
photons throughout the masing region. Saturated masers have 
a high efficiency of converting pump photons into maser 
photons. Unsaturated masers have an exponential gain but have 
a lower conversion efficiency. However, an unsaturated maser 
can amplify background continuum radiation. As the line radi- 
ation field in the maser gets stronger, the maser will eventually 
saturate. The presence of a background continuum may bring 
this about earlier. An observer will then see the (saturated or 
unsaturated) masers superposed on the continuum source. 
Without a background, source the masers may not saturate at 
all and even be unobservable. This situation may exist in the 
Н,О sources NGC3079 (ref. 5) and NGC4258, where narrow 
features could represent (mostly) saturated masing pockets of 
gas, whereas broader features represent (mostly) unsaturated 
amplification of the radio continuum. The OH maser lines are 
generally broad and could mainly result from amplification of 
the background source. Naturally broad OH lines may also have 
some high brightness saturated features embedded in them. 
Using the presently known sizes (upper limits) for the continuum 
sources, one finds a brightness temperature T, « 10" К for the 
masers, which is considerably below those of saturated galactic 
masers (T, =10'°-10'! К; ref. 12). Much will be learned from 
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Fig.3 Relation between the isotropic OH and Н,О luminosities 

and the integrated infrared luminosity. The circular entries are for 

OH masers and the square entries are for H;O masers. The linear 

relationships in the diagram represent constant conversion 

efficiency curves for the OH and H,O masers. For determining 

these curves the linewid:h has been taken to be 300 km s^! for the 
OH masers and 100 km s^! for the Н,О masers. 


VLBI observations as they will reveal the compact and more 
saturated components. І 

A general problem for galactic masers 15 the absence of ап 
identifiable pump source, in particular of a sufficient infrared 
flux. However, this is not the case for the extraglactic maser 
sources, which tend to have prominent infrared sources mostly 
at the location of the radio continuum sources (that is, 
NGC3079, NGC3690, 1C4553, Mrk231). In Fig. 3 the OH and 
H,O maser luminosities have been plotted against the infrared 
luminosity of the galaxy. The low luminosity masers seem to be 
independent of L(IR). However, the high luminosity masers 
show an approximately linear increase in luminosity with 
increasing L(IR). Such a linear relationship is expected and 
observed for saturated stellar masers, but seems also plausible 
for unsaturated masers. Two pump efficiency curves based on 
the spectra of the prominent maser galaxies (IRAS point-source 
catalogue) indicate that the OH masers may have an efficiency 
of a few per cent for converting photons at 30 рт into OH 
maser line photons. However, if the inferred radiation field at 
10 рт pumps the H,O maser, this should happen at a conversion 
efficiency of 50-100%. These conversion efficiencies are typical 
for unsaturated and saturated masers, respectively. Naturally 
collisional processes can also contritube to the pumping of the 
water vapour. Evidently, OH and Н,О masers have different 
pumping mechanisms and efficiencies, or the Н,О masers may 
be more directional (thus resulting in a overestimate of the 
luminosity). The low luminosity maser sources may result from 
similar large-scale processes, but they can also be just like the 
powerful masers seen in our Galaxy, 


OH and H,O masers 


It is apparent from the above discussion that the properties of 
the OH maser sources and those of H,O are similar in many 
ways. Because of these similarities, I suggest that the basic 
model, amplification of the background source flux, may apply 
to both types of sources. However, some maser characteristics 
are different, indicating that different physical conditions prevail 
іп the masing OH and Н,О regions. 

In compact Н п regions, Н,О masing occurs at higher 
densities than OH masing (see ref. 12). The Н,О masers are 
necessarily located closer to the exciting source. If these excita- 
tion conditions apply to the situation described here of fore- 
ground molecular clouds, then H5O inversion occurs only in 
the cores of clouds, whereas OH can be inverted over much 
large regions. This suggests that: (1) the linewidths of the H,O 
maser lines be much smaller than those of the OH maser lines; 
(2) the H5O masing regions are likely to be much smaller than 
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the OH masing regions, and are expected to vary on shorter 
timescales. 

The outstanding H,O maser features in the spectra of N3079 
and N4258 do indeed vary on timescales of months (refs 5, 7; 
M. J. Claussen, personal communication). The spectra of most 
H,O masing galaxies show distinct narrow features, sometimes 
superposed on some broader feature. Only the weakest OH 
masers have spectra breaking up into distinct features. However, 
the prominent narrow H5O features have linewidths which are 
significantly larger than those of galactic masers. 

Another difference between OH and H,O maser lines is their 
velocity relative to the systemic velocity of the galaxy. In 1C4553 
the H 1 disk in absorption and the molecular disk in OH emission 
have the:same centre velocity. This is also true for Mrk231 and 
NGC3690. However, the H,O masers tend to have velocities 
away from the centroid velocity of the galaxies. This is strikingly 
apparent from the comparison of the OH absorption spectrum 
of NGC3079 and its H,O spectrum’. The Н,О features in 
NGC3079 are blueshifted by 140 km s^! relative to the OH centre 
velocity, but the features coincide in velocity with weak OH 
emission lines, which are superposed on the 1,667-MHz absorp- 
tion line (B. E. Turner, personal communication). Similarly, the 
lines of NGC4258 are blueshifted 60 kms"! when compared 
with the tentative OH absorption detection. NGC4945 has 
redshifted H,O lines relative to the OH absorption velocity but 
these lines also coincide in velocity with a 1,612-MHz OH 
emission feature. M82 has one blueshifted H,O feature, which 
again coincides in velocity with a 1,667-MHz OH emission 
feature, whereas another feature lies far to the red side of the 
OH absorption. 

The prominent Н,О emission features originate possibly in 
dense (shocked) pockets of molecular gas with relatively high 
gains and having high relative velocities. In contrast, the OH 
emission may originate iri more extended regions. Most of the 
galaxies in Table 2 have been searched for both OH and H,O, 
but only in M82, NGC4945 and NGC3079 has emission been 
seen at both frequencies and at identical velocities. 


Properties of masing galaxies 


Two of the prime characteristics of the sample of masing 
galaxies, the presence of a strong nuclear radio continuum 
source and the infrared flux, are likely to be related^*. Peculiar 
and interacting spirals have relatively high continuum-flux 
densities as well as extended nuclear sources?^?5, Most of this 
radio emission can be explained in terms of starburst models ^^. 
However, it is not clear whether these nuclei have a Seyfert or 
a starburst nature, since a low ionization or Seyfert spectrum 
can hide an underlying Н t1 region spectrum completely. The 
dust can effectively hide from sight the H 11 regions associated 
with the starbursts, which in turn may be responsible for the 
radio continuum sources. Possibly starburst nuclei and Seyfert 
nuclei are different stages of evolution of objects of one class 6. 

The infrared properties of galaxies are still being elucidated, 
but it seems that double, interacting or merging galaxies are 
prominent among infrared galaxies?" ^. Of the sample of masing 
galaxies, most are strong infrared sources and a few are known 
to be interacting or merging systems (NGC3690, 1С4553, 
NGC320). It is likely, however, that most of these galaxies have 
experienced recent bursts of star formation and that the origin 
of the megamaser phenomenon can be traced to the coexistence 
of a radio continuum source, an ultraviolet radiation field to be 
converted into an infrared radiation field by the dust and 
remnant molecular material. 

The detection rates of extragalactic masers have been very 
low. Four of the OH masers have been detected during surveys 
of 240 predominantly late-type spiral galaxies with radio con- 
tinuum (W.A.B. et al, in preparation). Recent searches for HO 
emission in 65 spirals produced four new саѕеѕ?-'. These detec- 
tion rates of 2-6% have been affected by: (1) a low filling factor 
for the proper type of molecular clouds (this factor is likely to 
be larger for the OH gas than for the denser H,O cloudlets); 
(2) a relatively short lifetime of masing clouds compared with 
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the lifetime of the continuum and med sources; (3) the 
relative detectability of signals at OH and H,O: (4) the composi- 
tion of the sample. The slightly higher probability of detecting 
Н,О masers could be caused by tighter selection criteria for the 
sample or by the fact that the gains for some HO maser features 
are higher, leading to better detectable features. 


Conclusions 


Maser activity in other galaxies is a newly discovered 
phenomenon and only a small number of cases have been found. 
Some of the characteristics of the OH and H,O megamasers 
can be explained with a model involving unsaturated maser 
amplification of radio continuum structures (compact or 
extended) by foreground molecular material. The highest proba- 
bility for a galaxy to produce observable maser emission is to 
have a nearly edge-on molecular disk with an embedded radio 
source and a proper pumping mechanism for the molecules. 
Most masing galaxies fulfill these requirements. 

The nuclear spectra of the prominent masing galaxies have 
been classified as H II region or Seyfert types. A scenario for 
masing sources would then involve some sort of nuclear activity 
(with a burst of star formation or a Seyfert engine), which 
provides the radio source and an ultraviolet flux. The ultraviolet 
flux is downgraded to infrared by the surrounding dust. The ' 
infrared radiation is used to pump the foreground molecular 
gas, which in turn gives the maser emission. The starburst activity 
in several galaxies has probably been triggered by a merger or 
a galaxy/galaxy interaction in the recent past. All these nuclei 
could belong to one class, but have different amounts of dust 
and are at different stages of evolution. 

The properties of the OH and H,O maser lines are sufficiently 
different to suggest a difference in the excitation of the two 
molecules. Although they both may amplify the background 
continuum, the OH masing regions are probably more extended, 
whereas the prominent H,O maser features are likely to originate 
in smaller cloudlets, either falling into the nucleus or flying out. 
These smaller pockets have a relatively higher gain (more satur- 
ated) than the surrounding (unsaturated) material, which results 
in an H,O spectrum with narrow fines superposed on broader 
features. 

The observed infrared flux for the masing galaxies seems to 
be sufficient to pump the molecular gas. However, for the OH 
masing galaxies, the infrared photon-to-line photon conversion 
efficiency can be only a few per cent, whereas for the H;O 
masers this must be 50-100%. Possibly the bulk of the H,O 
maser emission is due to saturated components. Àn approxi- 
mately linear relationship between maser and infrared luminos- 
ity can be seen for the OH and H,O masers. Apparently each 
type runs at its own approximately constant efficiency It is of 
interest to speculate what this diagram tells us about other 
galaxies to be detected ın OH or HO At present Н,О features 
coincide with weak OH features in three galaxies (M82, 
NGC3079, and NGC4935). Except for these galaxies, OH and 
Н,О emission seem to be mutually exclusive. 

The similarities and differences between ОН and Н,О masers 
are important for determining the physical conditions of the 
masing material and provide valuable insight into the nature of 
these active galactic nuclei. Extragalactic megamasers seem to 
represent a new form of astronomical 'image processing' Unlike 
gravitational lensing, the processing is provided by diffuse 
clouds of interstellar molecules. 
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Sources of acidification in Central Europe 
estimated from elemental budgets in small basins 
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Long-term increase in acidification of water and soils in the Elbe river basim is caused mainly by the deposition of dry SO, 
and the application of industrial fertilizers. The direct input of hydrogen ions by acid rain is less significant. The budgets 
of elements and protons indicate natural and anthropogenic processes that acidify and buffer our environment. 


CENTRAL Europe is a region seriously damaged by acid indus- 
trial emissions, as demonstrated by increased rates of cor- 
гоѕіоп!?, deterioration in forest productivity"^ and release of 
elements such as aluminium? and heavy metals in water. A 
large-scale application of industrial fertilizers causes acidifica- 
tion of arable land and eutrophication of surface water^?. Cen- 
tral Europe receives one of the highest inputs of sulphur from 
the atmosphere?; the runoff of anions of strong acids in surface 
water has increased while the runoff of weak acids, represented 
by alkalinity of stream water, has decreased in the past century!?. 
The data in Table | present convincing evidence, independent 
of uncertain historical measurements of pH, that acidification 
has occurred. It may be related to acid rain'', deposition of dry 
gaseous SO; and NO, from the atmosphere on plants and soils!?, 
intensive application of industrial fertilizers'*'* and depletion 
of organic matter from topsoil These processes are of 
anthropogenic origin and affect the biogeochemical cycles and 
mass balances of naturally occurring chemical elements. 

To collect quantitative data on the environmental changes 
and their rates, I have evaluated and compared mass budgets 
of H*, Na, K, L, Mg, Ca, Fe, Al, Si, N-NH;, N-NO5, C-HCO;, 
Cl, S and P in small hydrologically and geologically well-defined 
drainage basins in the watershed of the Elbe river (Fig. 1). Four 
representative basins considered here have similar bedrock, soil 
and climate conditions but differ in mean slopes and 
anthropogenic impacts. Comparison of their elemental budgets 
will help to elucidate the mechanisms that affect the fluxes of 
elements and cause acidification of soil and water. The data are 





* Present address: Department of Land Improvement and Drainage, 
Royal Institute of Technology, S-100 44 Stockholm, Sweden. 


used to calculate weathering and erosion rates influenced by 
acid emissions and agricultural practice. The elemental budgets 
in basins affected by industry and agriculture serve as back- 
ground data for a comparison with representative basins in other 
regions. 


Regional characteristics 


Representative basins shown in Fig. 1 are located on highlands 
composed of gneisses with interlayers of quartzites; the bedrock 
primarily contains oligoclase, quartz and biotite with <5% 
muscovite, orthoclase and sillimanite Gneisses are covered by 
colluvium with well-developed soil profiles to a depth of 120 cm. 
The soils are typical brown-to-acid brown earths (Food and 
Agricultural Organization classification: Eutric Cambisol to Dis- 
tric Cambisol gleyic). Elevation, mean slopes of terrain and 
major hydrological characteristics of the basins are summarized 
in Table 2. The mean annual temperature varies from 5 to 7 *C. 
Two of the basins, X-0 and X-8, are covered with coniferous 
forest consisting mainly of spruce. The coniferous part of the 





Tablel Long-term change in the runoff of anions from Central Europe, 
using the Elbe river at Lovosice, Czechoslovakia? 








Year 1892 1976 Mean annual change 
in water concentration 
(mmol m7? yr^!) (mol I^" yr!) 
Cr 47 177 10 
NO; 5.6 40 2.7 
Soi- 36 170 11 
HCO; 360 252 -43 
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forest in basin X-14 died several years before our observations 
started in 1975, but ~30% of the basin is still covered with 
deciduous trees and bushes, mainly oaks and beeches. Wheat, 
rye, barley, oats, maize, potatoes, clover, grass, flax and mus- 


tard seeds are rotated crops grown in basin X-7. These fields, 


are intensively fertilized with industrial fertilizers and smaller 
amounts of organic matter, whereas the forested basins are not 
fertilized. 

Basins X-0, X-7 and X-8 are located in a'rural region of the 
Trnavka river basin (Pacov, Czechoslovakia) without local sour- 
ces of industrial pollution. The mean concentration of SO, in 
air calculated from daily measurements in 1983 was 8.3 ug m °, 
with a monthly variation. coefficient of 37%. The concentration 
of NO, was 11.2 ug m ?, with a variation coefficient of 31% 
(ref. 15). The forested basin X-14 is on the eastern slope of the 
Ertzgebirge Mountains facing the industrial region of the city 
of Most with open-pit coal mines and power plants in which 
local coal with a high sulphur content is burned. The 3-yr mean 
concentration of SO, in air was 112 pg m^? with a variation of 
52%, whereas the mean concentration of NO, was 33 ug m^? 
with a summer and winter half-year variation coefficient of 38% 
(ref. 15). 

I have grouped the representative basins in three pairs to 
illustrate the influence of various factors on their elemental 
budgets, the first basin of each pair serving as a reference, the 
second showing the influence of a given factor. The effect of 
mean slope in forest is demonstrated by the pair X-0 and X-8; 
both basins are located in the rural region and have slopes of 
3.8 and 13%, respectively. The effect of acid industrial emissions 
in forests'is shown by the pair X-8 and X-14 and the effect of 
modern agriculture by the pair X-0 and X-7. The comparison 
is based on annual arithmetic means for observation period 
1976-82 (7 hydrological years) in basins X-0, X-8 and X-7 and 
for observation period 1978-82 (5 hydrological years) i in,basin 
X-14. 


Input and output mechanisms 


Atmospheric precipitations were measured at 10 stations by | 


international meteorological methods. Samples for chemical 
analysis were collected 1.3 m above ground, rainwater through 
glass funnels in polyethylene bottles and snow directly in poly- 
ethylene buckets. The diameters of the collectors were 25 and 
30cm. The containers were exposed only. during individual 


precipitation episodes to determine the composition of wet - 


precipitation. A similar set of collectors was exposed per- 
manently for approximate estimation of total deposition. 
Samples were stored in a refrigerator immediately after each 
precipitation epsiode and analysed once a month. They were 
not filtered or acidified before chemical analaysis!9 "7, 
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Fig. 1 


Location of representative basins in the watershed of the 
Elbe river. Numbers and symbols correspond to the system estab- 
lished by the Geological Survey of Prague. 


Runoff water from the basins was measured continuously at 

gauge stations in stream channels: The subsurface discharge was 
‘found to be negligible by a detailed hydrological and geophysical 

investigation'?. Samples for chemical analysis were collected 
once a month, but more frequently during extreme hydrological 
episodes such as spring thaw and summer rainstorms. This - 
frequency of sampling was found to be satisfactory because the 
variation in electric conductivity of the set of collected samples 
was not statistically different from the variation in the conduc- 
tivity measured in runoff every day. The samples were filtered 
through a 0.45-рт filter within 1 day of collection. In the field, 
water was filtered through a 0.1-jum filter for determination of 
dissolved Al. This method of sampling gives reproducible results 
because all sampled streams are very low in concentration of 
organic matter? Blank samples of deionized water were pre- 
pared and analysed by the same methods to check for possible 
contamination during sampling and analytical procedures. The 
pH of water was measured potentiometrically in the field; the 
flux of dissolved elements in water was calculated by multiplying 
the discharge of water between two sampling intervals and the 
arithmetic mean of the concentrations. 

Biological output.from the forested basins was determined 
from detailed records of biomass production in individual plots 
of the forests and chemical analyses of randomly selected trees. 
Mean annual production of biomass was multiplied by the mean 
concentration of elements in fresh wood to estimate the output 
of biologically fixed elements in basins X-0 and X-8. No data 
on biological fixation are available for basin X-14 because of 


е 


Table 2 Major characteristics of the representative basins іп the watershed of the Elbe river 


No. of basin : X-0 
Locality Hartvikov 
Region Ceskomoravska 
vysocina highland А 
Type of region Rural 
Type of basin Forest B 
Drainage area (km?) 0.98 
Forested area (96) 100 
Arable area (96) F 0 
Clearcut area (%) 0 
Elevation above sea level , 
Maximum (m) ; 724 
Minimum (m) 672 
Mean slope (%) ' 3.8 
Annual precipitations (mm) 781 
Annual discharge (mm) 108 
pH of precipitations 4.27 
pH of runoff 6.84 


X-8 X-7 X-14 
Salacova Vocadio at Vysoka Pec 
Lhota“ Velky Jezov at Most 
f Krusne hory 
(Ertzgebirge) 
Mountains 
Rural Rural Industrial 
Forest Field Damaged forest 
1.68 В 0.59 ` 27 
100 1.3 30 
0 98.7 0 
0 0. 70 
744 635 924 
557 570 335 
13.3 49 18.0 
685 736 812 
128 171 431 
4.27 4.27 4.19 
7.14 6.15 4.90 
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Table З Precipitation, P, and runoff, R, ın representative basins 





No of basin X-0 

Type of region Rural 

Type of basin Forest 

Type of flux P, ‚КҜ, Р, 
H* 042 0.000 0.37 
Na* 0.79 66 0.69 
K* 054 1.5 0.46 
Mg?^* 038 2.6 0.33 
Ca?* 34 59 29 
Fe?* 0.16 018 0.14 
Al 0 79* 0.22 0.68* 
51 0.7 144 0.7 
CI 24 32 2.0 
N-NO; 43 0 56 3.7 
N-NH; 56 000 49 
85-58047 122 8.0 10.5 
P-P,PO, 009 0 025 0.075 
С-НСО; | 0.0 2.9 0.0 





X-8 X-7 Х-14 
Rural Rural Industrial 
Forest Field Damaged forest 
R, P, R, P, R, 
0.000 0.40 0.001 0.46 0.054 
7.0 0.75 17 2.2 22.5 
1.9 0.51 7.4 17 68 
3.8 0.36 16 11 26 
99 32 49 74 74 
0.19 015 0.33 0.15 0.20 
011 0.74* 0.06 10* 3.2 
152 07 15.0 0.7 33 
43 2.2 43 5.1 16 
058 40 19 5.5 12 
000 5.3 0.00 75 0.00 
9.0 12 28 19.6 96 
0.024 0 08 0.023 0 08 0.042 
6.3 0.0 5.7 0.0 00 





The values are mean annual fluxes in kg ha^! yr^! 


in basin X-14., 


; means represent 7 hydrological years in basins X-0, X-8 and X-7 and 5 hydrological years 


* The high atmospheric input of aqueous AI probably results from the hydrolysis of dust in the atmosphere. This hydrolysis buffers the pH of 
rain before it falls in the basins. This ıs reflected by the lower values of the precipitation flux of hydrogen 1ons, Py. 


dieback of 7096 of the tree population. I estimate the biological 
fixation in basin X-14 to be about one-third of the fixation in 
basin X-8. The data on biological fixation represent only the 
long-term output resulting from lumbering. I did not obtain 
reliable data on the net accumulation of biomass in the basins, 
therefore, I assume that the biomass remaining in the basins 15 
recycled and that the net annual accumulation is approximately 
equal to the annual output by lumbering. 

Anthropogenic input in field basin X-7 includes fertilization 
and sowing. The quantities of the applied fertilizers and seeds 
were recorded and samples collected. The applied quantity 
multiplied by mean concentrations of elements in fertilizers and 
seeds was summed over individual hydrological years to rep- 
resent annual anthropogenic input. Biological output from basin 
X-7 was determined by recording the harvested amounts of 
crops and analysing samples from individual fields. Grains and 
straw, tubers and haulm were analysed separately. Water, rocks 
and soils were analysed in our laboratory by atomic absorption 
spectroscopy for Na, K, Mg, Ca and Fe and atomic absorption 
flameless spectroscopy for Al and photometry for Si. NH; and 
Cl” ions were determined by ion-sensitive electrodes and NO3 
and 8027 by standard methods of wet analysis!®. Organic 
samples were analysed by a specialized agricultural laboratory 
(District Agricultural Testing and Control Station, Brno). Pre- 
cision of the analyses of water was tested against international 
standards?! with good results. The precision of the chemical 
analyses of organic samples and fertilizers was not reported. 
The accuracy of the analyses, however, is probably greater than 
my determination of the mass of organic matter entering and 
leaving the basins. The accuracy 1s 7% for precipitation and 
runoff water analyses and 30% for the anthropogenic input and 
biological output measurements. 


Budgets of elements 


The fluxes of elements resulting from wet precipitation and 
runoff from the basins are summarized in Table 3, anthropogenic 
input and biological output are given 1n Table 4. 

Inputs, outputs and accumulation affected by acidification 
but which cannot be easily measured in field include: (1) input 
of elements by total (that is, chemical plus mechanical) weather- 
ing of bedrock; (2) output by chemical erosion, (3) output by 
mechanical erosion; (4) accumulation of sulphur in regolith; 
and (5) production and consumption of hydrogen ions (proton 
balance). These fluxes are estimated with a help of various 
mass-balance models. 

Rate of total weathering of bedrock, rates of chemical and 
mechanical erosion and related inputs and outputs of elements 


are calculated using a steady-state model of weathering ^?! 


(assuming that Na and Si in regolith are in a steady state). The 
annual acccumulation or depletion of these elements in 
weathered zone is negligible compared with their annual inputs 
and outputs so that the amounts in regolith of the basins are 
approximately constant with time. In such a case, the input of 
an element i resulting from total weathering of bedrock, W, (kg 
per hectare (ha) per yr}, can be calculated from a steady-state 
mass-balance equation 


(1) 


where P, is input of chemical element i by atmospheric precipita- 
tion, R, is output of element i by runoff from drainage basin, 
A, is anthropogenic input of element i, B, is output of biologically 
fixed element i and М is output of element 1 by mechanical 
erosión of weathered material. 

Two equations (1) written for i- Na and Si contain four 
unknown values: Wna, Ws, My, and Mg, These values are 
related to a rate of total weathering of bedrock, W,,.,, and to 
mechanical erosion of regolith, M, by the following 
equations 


®,= —(Р,— R,+A,- B,- М) 








У, = Wrock Хү тоск (2) 
М, = М.а X, rgith (3) 
Table 4 Biological output, B, and anthropogenic input, A, in 
representative basins 
No. of basin X-0 X-8 X-7 
Type of region Rural Rural Rural 
Type of basin Forest Forest Field 
Type of flux Б, В, А, В, 
Na* 0.24 0.28 2.3 0.5 
K* 3.4 3.9 84.9 110 
Mg* 0.95 11 3.5 74 
Ca?* 7.6 94 64.4 23 5 
Fe?* 026 0.30 
Сг 0.6 0.6 45.9 2 
S-sOi- 0.56 061 18.3 2 
N-NHj 57.6 
N-NO7 51.0 
N 7.6 8.7 106 
P-H;PO; 0.84 096 36.2 15 





Values are mean annual fluxes, kg ha^! yr !. 
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where x, rock and x, 4,4 are dimensionless concentrations (g g~') 
of element i in bedrock and its regolith respectively. Including 
Wrock and M,gun, there are six unknown and six independent 
equations (1), (2) and (3) written for i= Na and $1. This system 
of equations is solved to yield the rate of mechanical erosion 
of regolith 


Megih = {ГОР un Куа Ana > Bya)/ XNa,rock] 
—[(Ps, om Rg, + As, E Bs,)/ Xsyrock]}/ 


[(Nargith/ XNa,rock) = (2х5, rgin/ Xss,rock) J (4) 


and mechanical erosion of any element, M,, according to 
equation (3). Substituting the calculated values of mechanical 
erosion of Na and Si, My, and Mg, in equation (1), we obtain 
the rate of the input of the elements resulting from total weather- 
ing of bedrock, Wy, and Ws. Finally, either of the last- 
mentioned values substituted in equation (2) yields the rate of 
total weathering of bedrock, И, „х (Table 5). 

The rate of chemical erosion of weathered bedrock, Сек, is 
calculated from equation (5) 


Crock = =); (P= R,+A,— B) Moxide/ nm, (5) 


where У, includes all elements composing bedrock except О, 
толас iS the relative molecular mass of the respective oxide, п 
is the stoichiometric coefficient of the cation in the oxide (for 
example, п = 2 for Na,O) and m, is atomic mass of the cation 
i. The flux resulting from chemical erosion of weathered bedrock 
includes direct dissolution of bedrock (that is, chemical weather- 
ing) and desorption of exchangeable ions from soil. Mechanical 
erosion of bedrock is defined by equation 


Mock = Wrock = Crock (6) 


Note that the rate of mechanical erosion of bedrock, М, „ск, 1s 
different from the mechanical erosion of regolith, M,gun, calcu- 
lated from equation (4), because weathered material contains 
components not only derived from bedrock but also others, such 
as water molecules and organic matter. The calculated rates of 
chemical and mechanical erosion of gneisses in the basins 
examined here are summarized in Table 5. The effect of various 
factors on weathering and erosion are expressed by ratios of 
the characteristic rates for the individua] basins 

Accumulation of S in regolith of the basins, which is an 
Important process of environmental acidification, 1s expressed 
by a mass-balance equation 


P.— Rgt Ag - By + Ws + Dst О = У (7) 


where Ys is accumulation of S in kg ha^! уг”! (this value contains 
all the uncertainties and errors inherent in the values of fluxes 
in equation (7)), fluxes Ps, Rs, As, Bs were measured in the 
field, Ws was calculated from the weathering rate of bedrock, 
W,ocks in Table 5 and mean concentration of S in bedrock from 
equation (2); Ds is the atmospheric input of S during dry periods 
calculated as a difference between the values measured by per- 
manently exposed collectors and by collectors exposed only to 
wet precipitations; Gg 15 deposition of dry 5-50, from the 
atmosphere A small portion of Ds may result from the deposi- 
tion of SO; in the permanently exposed collectors, but this 1s 
negligible compared with the deposition of SO, on vegetation 
and soil (Gs) 

The deposition of dry SO, was estimated from the mean 
deposition velocity and the mean concentration of SO, in the 
local atmosphere. Deposition velocity was calculated from pub- 
lished estimates for snow cover and for dry and wet periods 
during which stomata of trees were opened and closed””. The 
deposition velocity in forested basins X-0 and X-8 of the rural 
region is 5.8mms ! The mean concentration of SO, is 
8.3 ug m^? and the corresponding deposition rate of dry SO, is 
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Table 5 Rates of total weathering, chemical erosion and mechanical 
erosion of gneisses 





No of basin X-0 X-8 X-7 X-14 
Type of region Rural Rural Rural Industrial 
Type of basin Forest Forest Field Damaged 
forest 

Total weathering, Woco 420 732 1,700 1,510 
Chemical erosion, С,„„кЇ 64 109 160 318 
Mechanical ersosion, 

My 356 623 1,540 1,192 

Determining factors 
Ratio X-8/X-0  X-7/X-0 X-14/X-8 
Wet precipitattons 0.88 0 94 1.2 
Slope of terrain 34 13 1.4 
Concentration of SO, in air 1 1 13 
Fertilization no/no yes/no no/no 
Response factors 

Effect of Slope Agriculture Emissions 
Ratio X-8/X-0  X-7/X-0 Х-14/Х-8 
Woo 174 40 2.1 
Со 171 25 29 
Mock 1.88 43 1.9 


* Calculated according to equations (1), (2), (3) and (4) using fluxes 
of Na and Si in Tables 3 and 4 and Na and Sı mean concentrations 
(gg!) in bedrock and regolith in the individual basins (Xy ok; 
XNaretth? Xsyrock? Xsurgin) X-O (0.022; 0 0085, 0 30, 0 30), X-8 (0.016; 
0 0070; 030; 0 28), X-7 (0016, 0.0067, 031, 0 27), X-14 (0.02; 0007; 
0.3; 03) 

T Calculated according to equations (5) and (6). Units of rates are 


kg ha^! уг"! of bedrock Ratios are dimensionless 
Table 6 Budget of S in representative basins 
No of basin X-0 X-8 X-7 X-14 
Type of region Rural Rural Rural Industrial 
Type of basin Forest Forest Field Damaged 
forest 
Wet precipitations, Р; 120 105 12.0 19 6 
Runoff, — Rs —8.0 -90 -280 —96.0 
Anthropogentc input, As 0 0 133 0 
Biological output, — В; —0 56 —0.61 -20 -03 
Weathering of bedrock, 0.70 1.2 2.9 3.8 
wi 
Deposition during dry 10 33 30 0.2 
periods, DS 
Deposition of gaseous 76 7.6 7.6 88.6 
SO;, Gs 
Accumulation in basins, 127 130 138 15.9 
Z(S) 


* Calculated from the rate of weathering of bedrock (ЖУ) and mean 
concentrations of S in gneiss, xs rock (0 0017 in X-0, X-8, X-7 and 0 0025 
in X-14) acording to equation (2). It is assumed that all S from weathered 
bedrock dissolves and none is preserved as residual sulphides Units, 
kg ha^! yr^! sulphur. 


7 6kgha ' уг"! of S. I do not have adequate data on the deposi- 
tion velocity on fields in basin X-7, but assume that it is the 
same as the forest basins of the rural region The deposition 
velocity may be slightly lower in basin X-14 because of the 
longer duration of snow cover at the higher altitude and the 
thin biological cover. The velocity is estimated to be 5 mm s™' 
and the mean concentration of SO, 112 ug m7, with the corre- 
sponding flux 88.6 kg ha^! уг"! of S (only one digit of the value 
is significant). The fluxes of S and calculated accumulation 
according to equation (7) are given in Table 6 I find that the 
accumulation is approximately the same in all the basins despite 
the large difference in the concentration of SO, in the air of the 
rural and industrial regions. 
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Table 7. Hydrogen-ion production and consumption by known geochemical, biological and anthropogenic processes 








No of basin X-0 X-8 x X-14 

Type of region Rural Rural Rural Industrial 

Type of basin Forest Forest Field Damaged 

forest 

Input of H4O* by wet precipitation 422 373 39.3 45.7 

Output of H,O* by runoff —0.02 —0 01 —0.14 -54 

Hydrolysis reactions involving alumina; flux calculated from Pan Ra), pH of 88 73 7.5 —13.0 
precipitation, pH of runoff and complexing constants for Al-hydroxy-complexes?? 

Oxidation of pyrite calculated from the rate of release of S from bedrock, Ws (Table 6), 22 39 90 11.8 
according to stoichiometry FeS,+3.5 O,+H,O = Fe?* -2 S02 -2H* 

Precipitation of ferric hydroxide calculated from inputs and outputs of Fe?* and the 2.1 37 87 116 
amount of Fe?* released from oxidation of pyrite Fe** +0.25 О,+2.5 H,O = 
Fe(OH),+SH* 

Dissolution and dissociation of CO, according to stoichiometry CO, + H,O = HCO; + Ht 23.9 525 47.5 0.0 

Biological fixation of cations and anions (except nitrogen species) in biomass removed by 514 59 6 2323 (20)* 
harvest and lumbering, calculated from data in Table 4 ` 

Transformation of nitrogen species according to stoichiometry NH{+ROH = ` 13.3 127 192.1 100 
RNH,+H,0+H*; NO; c ВОН + Н? = ВМН,+20,, NH; Toe NO; - HO42H* 
where R is organic matter 

Atmospheric deposition of dry SO, and oxidation according to stoichiometry SO,+H,O0+ 47.5 475 (50)* 554 
050,-SO2 4-2H* 

Release of cations and anions by hydrolysis of bedrock and depletion of exchangeable —111 —151 —411 — 609 
cations in soil calculated from budgets of Na, K, Mg, Ca, Cl and P in Tables 3, 4 

E (‘excess’ production of protons) 80 74 175 116 

Deviation from electrical neutrality of aqueous inputs and outputs X(cations) – Z(anions) 60 12 79 43 


in precpitations minus X(cations) — X(anions) in runoff calculated from meq m ? уг”! 





Units, mmol т? уг"! of Н“; * uncertain values (see text) 


The process of acidification is best represented by the proton 
balance of all fluxes and reactions which involve an exchange 
of H* such as acid rain, ion exchange, hydrolysis of minerals, 
biological fixation of ions, oxidation of pyrite and SO, in regolith 
and nitrification”? The inputs, outputs, production and con- 
sumption of H* in mmol тг? yr! calculated from the measured 
and estimated fluxes of elements in the representative basins 
are shown in Table 7. The most important source of H* is not 
acid rain but the deposition and subsequent oxidation of dry 
SO,, transformation of nitrogen species and biological fixation 
of cations. The most important sink of H* is hydrolysis of 
rock-forming minerals and ion exchange in soil. Taking into 
account all the known processes that involve the exchange of 
protons, there is an ‘excess’ production of H* in all the rep- 
resentative basins (Table 7). This ‘excess’ production is not an 
artefact of electrical imbalance of chemical analyses (Table 7); 
it must be consumed in the soil by processes that are not apparent 
in the considered fluxes, probably the protonation of organic 
active groups in soils, specific adsorption of H* on negative 
'surfaces of clay minerals and sesquioxides and hydrolysis of 
dead organic matter. These processes, together with the deple- 
tion of exchangeable cations, gradually exhaust the buffering 
capacity of local soils. | 


Discussion 


Acidification of soil and water is a dynamic process which 
depends on fluxes of acidifying chemicals and on geochemical 
and biochemical reactions involving an exchange of protons in 
the whole ecosystem. Harmful effects such as the die-back of 
trees occur when the excess production of protons lasts long 
enough to exhaust the buffering capacity of soils. The causes 
of acidification in Central Europe are natural and anthropogenic, 
the major natural process being the biological fixation of cations 
and the major anthropogenic processes the emissions of SO, 
and the application of industrial fertilizers. The direct input of 
H* by acid rain is of importance in the forests of rural region 
while in the field basin ıt 1s secondary to biological acidification 
and in the industrial region it is less 1mportant than the input 


of H* resulting from deposition and oxidation of dry SO. 
Geochemical processes such as oxidation of sulphide minerals 
and precipitation of ferric hydroxide are not important. 

The rural region with a relatively low concentration of SO; 
in air and the industrial region with a very high concentration 
of SO, are 160 km apart. The average concentration gradient of 
SO, in air is very steep, 0.65 pg m^? km™'. It corresponds to 
the increase in H* production by the oxidation of adsorbed 
SO,, equal to 3.2 mmol m ? уг! km™! from the point-source of 
emissions. This is in contrast to a very small increase in the 
input of H* resulting from acid rain which is only ~0.06 mmol 
m ? уг"! km™!, This gradient in the input of SO, correlates with 
the observed die-back of coniferous trees and the acceleration 
of weathering and erosion accompanied by the increased output 
of nutrients. The total weathering rate of gneisses increases by 
a factor of 2.1, chemical erosion by 2.9 and mechanical erosion 
by 1.9.in forest in the industrial region. Part of the increase is 
caused by the steeper slope of basin X-14 and by higher precipi- 
tation and discharge rates. The runoff of all the elements (except 
Fe) increases (Table 3) The decrease in pH of runoff from basin 
X-14 causes the alkalinity of water to fall below the detection 
limit so that water in the basin loses its carbonate buffering 
capacity. At the same time, alumina starts to behave as a buffer 
and consumes protons at the rate of 13 mmol тг? yr^! (Table 7). 
This leads to a large increase in the runoff of dissolved Al from 
0.11 kg ha^! уг”! in basin X-8 to 3.2 kg ha^! yr! in basin X-14 
(Table 3). Acidification in the forest of the industrial region is 
accompanied by a large increase in runoff of nitrates from 
0.58 kg ha^! уг”! of N in basin X-8 to 12 kg ha^! уг”! in basin 
X-14. The increased flux of nitrates does not originate from 
polluted air because the mean annual concentration of NO, in 
air increases three times (from 11 to 33 pg m?) while the output 
of nitrates increases >20 times. Therefore, the increased output 
reflects the decreasing denitrification capacity of damaged forest 
in basin X-14. This agrees well with the increased runoff of 
nitrates from a similar forest. basin in New Hampshire which 
was clear cut experimentally?5, 

The consumption of H* by ion exchange in soil and hydrolysis 
of bedrock 1s not fast enough to neutralize the acidifying inputs 
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- of 80 and 74 mmol тг? уг”! in the forests of basins X:0 and 
X-8 does not seem to have a damaging effect on trees; it does 
not lower runoff pH and does not increase the output of dis- 
solved Al and nitrates. But the buffering capacity of local soils 
may soon be exhausted. It is possible that the excess hydrogen 
ions protonate organic, active groups and that they are specifi- 
cally adsorbed on clay minerals and sesquioxides, causing a 
reversal in surface charge of some soil particles". If the specific 
adsorption of ‘excess H* is irreversible, then the exhaustion of 
the buffering capacity of soils and the changes in the, surface 


charge of soil particles may have a sudden negative effect. on, 


the productivity of the Ѓогеѕі.'. , r 

' The studies reported here support “the suggestion” that 
modern agriculture contributes to acidification. The ‘major 
acidifying mechanism is-the application of fertilizers containing 
the weak base NH; and strong acids H,SO,: ‘and HNO). Agricul- 
tural. practices: in basin X-7. speed up the total- weathering of 
gneiss by factor of four, but most of the weathered bedrock i is 
removed . by. mechanical’ rather than chemical erosion. The 
increased runoff of- dissolved substancés-is caused by fertiliz- 
ation; ~89% Ci, 8396 S and 17% N introduced i in fertilizers are 
leached out. On the other hand, cations ‘are retained by: plants 


contributing to acidification-of soil arid water. The pH of runoff . 


from field basin X-7 decreases by ~1 pH unit to pH 6.15; com- 


pared with the runoff from its reference basin X-0; The decrease. 


in pH is not. enough to mobilize Al, whose flux remains low. 


The excess production of protons in- basin X-7 is 175 mmol ° 


, mA yr:!, 95 mmol m? уг! more than in the. reference basin 


X-0. Although the uncertainty in this value is large because of 


the less precise values of biological fixation, the general acidify- 


ing trend in the field basin is clear. 


The observed differences in.the fluxes ee the basins. 


representing the agricultural and industrial influence on cycling 
of elements are not affected greatly by different slopes of terrain. 
Although the ratio of slopes X-8/X-0 is 3.4, the ratio of chemical 
erosion is only 1.7. The ratio of slopes X- 14/X- 7 is 3.7 and the 
ratio of chemical erosion 2.0, but basin X-14 receives more 
atmospheric precipitations and the runoff is faster. The hydro- 
logical factor increases input.and output rates, of" elements, 
including H* and is therefore an important factor 'of acidifica- 
tion. The fast rate of. flushing through basin X-14 may be the 
cause of the relatively small accumulation of'S in spite of an 
extremely high input of dry SO;. The similar accumulation rate 


of S in the same typé of soils in the rural and industrial regions | 


indicates that the properties of soils may, be important: in S 
accumulation. ] o ds ete 
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in any of the forest basins described here. The excess DU 
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‘The nieasured and calculated fluxes of chemical elements in 
the representative basins indicate that observed long-term trends 
in the flux of dissolved elements from the Elbe river in central 
, Europe are caused mainly by industrial emissions and intensive 
application. of inorganic fertilizers. The runoff from céntral 
.Europei is still effectively buffered because the mean-pH of the 
Elbe river is 7.1. Locally, however; the pH of runoff drops below ' 
the capacity of CO;/HCO, buffer; here; Al is mobilized and its 
runoff increàsed. In the areas with strong input of dry SO, and 
‘intensive application’ ‘of inorganic fertilizers,’ ‘the soils are 
acidified even if the acidification of runoff is small. Acidification: 
can gradually exhaust the buffering capacity of soils and change 
surface charge on soil particles. At, an ‘inflection’ ‘point, by 
analogy with acid-base titration, it may lead to a sudden drop 
in biological productivity and die-back of coniferous trees. 
This inflection point is not yet defined; its existence is sug- 
gested by the fact that the acidification of soils in’ Central 
Europe has proceeded for decades whereas the die-back of 
forests i is a relatively ‘fast phenomenon which takes oniy. afew : 
years. s 

The data described here are too preliminary to separate. quan- 


` "titatively the distribution of Н“ ions that are generated іп excess 


by natural and anthropogenic acidification. Some of the ions: 
are consumed by<ion exchange. causing a depletion: of the 
exchangeable cations in soil and loss of nutrients such as Ca?* 

and.Mg?*: Some H* ions are used up.by hydrolysis of rock- 
forming . minerals; this process-increases the rate of chemical 
weathering and may.be ecologically beneficial because it releases 


: nutrient cations from bedrock. Some of the produced H*i ions 


-are: consumed by organic acid'groups and may be adsorbed 
` specifically on negative surfaces of. clay minerals and ses- 
` quioxides. This may reverse the charge of.some active surface 
sites and negatively affect „properties of soils. Further research 
‘is needed to clarify the distribution of excess H* and the mechan- 
isms of their: consumption’ within water-soil-rock systems. 

-This paper was written at the Geological Institute of the Louis: 
"Pasteur ‘University; Strasbourg. І. thank Professor Y. Tardy for 
his support of ‘this research. The data on precipitations were 
obtained- by the research team of Dr В. Moldan and data on 
runoff; ‘anthropogenic inputs and biological outputs were collec-: 
ted by Mrs E. Pacesova, all of the Geological Survey of Prague. 
I also thank Dr C. A. 1: Appelo (Institute of Earth Sciences, 
- Free University, Amsterdam), Dr N. van Breemen (Department 
of Soil Science & Geology, Agricultural University, Wagenin- 
gen) апа Dr H::M. Seip (Central Institute for Industrial 
Research, Oslo): for constructive criticism and · valuable 
savice . 


pog 

15 Czech Hydrometeorological Insutute, Prague and: „Usti nad Labem (unpublished report, 
1984) ' 

16 Moldan, B , Fottova, D' & Vesely, M Evaluation of Chemical Composition of Wet Precipita- 
tons in CSSR (Arch Ustredm Ustav Geologicky, Prague, 1982) 

117 Moldan, B , Transport of Matter Through Atmosphère (Archive Ustredm Ustay Gèalogicky; 

н Prague, 1977) 

18. Paces, T & Moldan, B Sb, igen ved Rada HIG as, 457-195 (1981) 

19 Kobrova, M et al: Manual of Chemical Analyses, of Natural Waters (Ustredni ustav 
geologicky, Pragué, 1983) А s 

‚20 Sixta, V & Paces, T Vest ústřed Ust geol 53, 225-231 (1978) 

21 Paces, T in' Chemical. Weathering of Rocks and Minerals (eds 'Colman, s M & „Рене, 
D Р) (Academic, New York, їп the press) , 

22 Hultberg, H, Grennfeit, P & Olsson, В Wat Sc Tech 15, 81-103 (1983) 

23 Driscoll, C I & Likens, G E Tellus 34, 283- 292 (1982) 

24 van Breemen, №, Mulder, J '& Driscoll, C T Pl Soil 75, 283-308 (1983) 

.25 van Breeman, М, Dnscoll, C T, & Mulder, J Nature 307, 599-604 (1984). ' uS 
26 Borman, F H & Likens, G E Scient Ат 223, 92-101:(1970) - ` na 
27 Parks, G.'A Adv Chem. Ser 67; 121-160 (1967) " d ' 
28 Acidification Today and Tomorrow, 81-87 (Swedish Min. Agric. Envir. Committee, 1982) 
29 Hem,J D, Roberson,’C Е, Lind, С J & Polzer, M L US Geol Surv Wat Supply Pap 

-1827-E (Washington, DC, 1973) 
30 ‘Skorepova, I Int Symp Impact. agne Act Ground Water, "Part 1, “323- 334 (Int. Ass 
fit tae Prague, 1982) 


NATURE VOL 315 2 MAY 1985 








ARTICLES | > 


Three-dimensional structure of calmodulin 
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The three-dimensional structure of calmodulin has been determined crystallographically at 3.0 A resolution. The molecule 
consists of two globular lobes connected by a long exposed a-helix. Each lobe binds two calcium ions through helix-loop-helix 
domains similar to those of other calcium-binding proteins. The long helix between the lobes may be involved in interactions 


of calmodulin with drugs and various proteins. 





CALMODULIN is one member of a family of low relative 
molecular mass acidic calcium-binding proteins!. Many of these 
proteins, such as parvalbumin, troponin-C, intestinal calcium- 
binding protein and S-100, are found only in vertebrates and, 


even in these animals, are restricted to a small number of tissues 


or cells. In addition, the function, when known, is specific and 
limited to one metabolic process or pathway. Calmodulin is the 
unique member of this protein class, as it is present in all 
eukaryotic cells and serves many functions??. This Ca receptor 
is a single 148-amino-acid polypeptide chain containing four 
Ca- binding sites and is highly conserved throughout evol- 
ution?” 

Although calmodulin exhibits significant a-helicity even in 
the absence of Ca, binding of this ion results in an increase in 
the a-helical content^- 10 It is this Ca-induced conformational 
change that allows calmodulin to interact with enzymes, peptides 
and pharmacological agents such as the phenothiazines??. A 
major question is how the protein can interact specifically with 
so many different molecules. It is possible that the regulation 
of different enzymes by calmodulin is partially a function of the 
number of Ca ions bound. However, controversy exists regarding 
the order in which the four sites are filled and the discrete 
structural changes that accompany Ca binding. 

Here we describe the structure of calmodulin at 3.0 À resol- 
ution (Fig. 1). Calmodulin represents the fourth member of the 
Ca-binding protein family to be characterized crystallographi- 
cally. (The other three include parvalbumin!!, intestinal Ca- 
binding protein’? and troponin-C'*"*.) However, it is the first 
ubiquitous intracellular Ca receptor to be subjected to such 
scrutiny and represents the first Ca-binding protein where the 

' gene? and protein structure can be be compared directly. 


Structure determination 


Calmodulin from rat testes was isolated and purified as described 
previously". The crystallization technique was the same as 
described by Cook and Sack'5; all crystals were obtained from 
solutions of 2-methyl-2,4-pentanediol at pH 5. 6. The crystals 
belong to triclinic space group P1 with unit cell dimensions 
a —29.84 A, b = 53.72 А, c — 24.94 A, о =93.3°, B =97.45° and 
y = 88.77°; there is one molecule per unit cell. 

Two heavy-atom derivatives, lead acetate and potassium 
platinum tetrachloride, were used in the solution of the structure 
by the multiple isomorphous replacement method. They were 
obtained by soaking crystals in 75% (v/v) 2-methyl-2,4- 
pentanediol that contained 0.05 M cacodylate (pH 5.6) and the 
heavy-atom reagent. Many attempts to replace the Ca ions by 
lanthanide ions were unsuccessful. 

Data for native and derivative crystals were collected with a 


Picker FACS-1 diffractometer at room temperature using an . 


omega step-scan and nickel-filtered CuKa-radiation. Friedel 
mates were measured during data collection at negative 26 


Present address: Department of Biochemistry, Rice University, 
Houston, Texas 77251, USA. 
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Fig. 1 Amino-acid sequence of calmodulin The sequence is 
arranged to show schematically the topology of the molecule. Bold 
circles represent residues in a-helices. 


values in groups of 10 reflections, alternating with their counter- 
parts. Standard reflections were measured periodically and were 
used to correct for decomposition. Absorption corrections were 
applied according to the method of North et al". 

The heavy-atom positions were determined by a combination 
of three-dimensional isomorphous difference Patterson and 
difference Fourier maps. Phases for the difference Fourier maps 
were calculated by the method of Blow and Сгіск!. Cross 
difference Fourier maps were used to bring the Pb and Pt 
coordinates to a common origin and, in conjunction with the 
use of anomalous data, to establish the correct enantiomeric 
arrangement of heavy atoms. The heavy-atom parameters were 
refined by the origin-removed Patterson method of Terwilliger 
and Eisenberg. This procedure is based on the Patterson- 
function correlation method of Rossmann”, except that the 
origins of the Patterson function are now removed from this 
correlation and centric and acentric reflections are treated separ- 
ately. The final’ model for the Pb derivative consists of seven 
sites; two Pb ions substitute for Ca. The Pt derivative contains 
three sites. Various statistics for the heavy-atom derivatives are 
summarized in Table 1. The protein phases and the figures-of- 
merit were calculated by the method of Blow and Crick!?. 
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Fig. 2 Stereo drawing of the a-C backbone of calmodulin The 
four Ca ions are represented by dotted circles. 


Contributions from the anomalous differences were included in 
the phase calculations. The overall figure-of-merit is 0.71 for 
the complete data set to 3 A resolution. 

An electron density map at 3 A resolution was computed from 
the ‘best phases’ with figure-of-merit weighting factors'*®. This 
map clearly showed the molecular boundary and most of the 
secondary structural features, but the polypeptide chain could 
not be followed completely without ambiguities. Sequence align- 
ment was further complicated by the high degree of internal 
sequence homology A modified electron density map was 
obtained by using a tentative chain tracing to assign a molecular 
boundary, flattening the solvent regions outside the molecular 
boundary and removing negative electron density values in the 
molecular boundary. This modified map was back-transformed 
to produce calculated phases, which were then combined with 
the multiple isomorphous replacement phases using the method 
of Вгісорпе?!. A map calculated with the resultant phases re- 
solved most of the ambiguities in chain tracing, primarily result- 
ing from better definition of side-chain density; a-C atom posi- 
tions for most of the residues were assigned from this map. A 
partial model was traced without residues 1-7, 75-80 and 129- 
148 These regions either had weak densityfor contained breaks 
in the density. The partial model was built and regularized using 
the computer graphics package FRODO”. Phases were calcu- 
lated from this model and combined with the original multiple 
isomorphous replacement phases using the method of 
Bricogne?!. The resultant map showed the protein density more 
clearly, allowing the model to be built completely. The four Ca 
positions were confirmed from a native anomalous difference 
Fourier map, calculated using the combined phases. 


Structure description 


A tracing of the a-C backbone of calmodulin is shown in Fig. 
2. The molecule looks somewhat like a dumbbell with the two 





Table 1 Statistics for the heavy-atom derivatives 








РЫ(С,Н;0,), K,PtCl, 
Resolution (A) 30 3.2 
Merging R (%) 47 2.5 
Heavy-atom concentration (mM) 07 0.2 
Fractional change (96) 30 12 
No. of heavy-atom sites T 3 
Fy(calc)/ E 2.7 15 
У FOI -IE 


Merging R — = 
У |Е(һ)|+|Е(®)| 
У||Е(РН)|-|Р(Р)[| 

LIF) 
where F(P) and F(PH) are observed structure factors for native protein 
and heavy-atom derivatives, respectively. Fj(calc) is the r m.s value 


for calculated structure factor contributions of heavy atoms. E is the 
r.m s. value for the lack-of-closure errors 





Fractional change — 
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Fig.3 Stereo drawing of the two pairs of Ca-binding domains. 
The molecule has been split between residues 79 and 80 and the 
two halves shown їп approximately the same orientation 


lobes connected by an eight-turn a-helix and no contacts 
between the two lobes. The length of the molecule is ~65 A, 
with each lobe having approximate dimensions of 25 x 20 x 20 Á. 
The two Ca-binding domains in each lobe are related to each 
other by an approximate 2-fold axis. The two individual lobes 
can be brought into approximate register by a rotation of ~90° 
coupled with a translation. The two halves of the molecule are 
remarkably similar; the corresponding a-carbon positions can 
be superimposed with an average difference of ~1 A (Fig. 3). 
The molecule contains seven helices, I-VII, consisting of 
residues 7-19, 29-39, 46-55, 65-92, 102-112, 119-128 and 138- 
148. The helix content is 63%, which is about the same as 
observed in troponin-CP^!^, Calcium-binding domains 1 and 4 
have a typical helix-loop-helix conformation and are similar 
to the two Ca-binding domains ın parvalbumin! and to the 
II-IV domain in intestinal Ca-binding protein?. Domains 2 
and 3 also display helix-loop-helix conformations, but are 
different from that found in parvalbumin and intestinal Ca- 
binding protein in that these two domains share helix IV. This 
long helix provides both the carboxy-terminal helix for domain 
2 and the amino-terminal helix for domain 3. Helix IV 1s two ` 
to three times longer than any of the other helices in the molecule. 
Because most of helix IV is exposed to solvent and forms only 
a few contacts with the rest of the molecule, it is possible that 
this part of the molecule retains some helical structure in the 
absence of Ca. 

The Ca-binding segments consist of residues 20-31, 56-67, 
93-104 and 129-140. These four segments are similar to the two 
that are described in parvalbumin!! and to the calcium-binding 
region III-IV in intestinal Ca-binding protein". All of these 
contain 12 residues; the first 9 form the loop and the last 3 the 
beginning of the second helix in the helix-loop-helix domain. 
In all of these Ca-binding domains, the Ca ion is displaced from 
the centre of the loop towards the amino-terminal helix of the 
helix-loop-helix domain. The second helix of each domain 
orients the last residues of the Ca-binding segment so that they 
can participate in Ca coordination. i 

The molecule is stabilized by multiple interactions between 
the helices. In addition to these interactions, there is hydrogen 
bonding between adjacent Ca-binding loops in each half of the 
molecule. Residues 25-29 run antiparallel to residues 61-65 and 
these two stretches are joined by H bonds between Gly 25 and 
Asp 64 and between Ile 27 and Thr 62. In the second half of 
the molecule, the stretches 99-101 and 135-137 are also anti- 
parallel and are joined by H bonds between Ile 100 and Val 
136. Similar arrangements of the calcium-binding loops are 
found in parvalbumin and intestinal Ca-binding protein. Ca- 
binding domains in calmodulin are joined by linker segments 
composed of six residues; this compares with the linker segments 
of 8 residues in parvalbumin!! and 10 in intestinal Ca-binding 
protein’. 

In each half of the molecule the two Ca ions are ~11.3 А 
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apart and are coordinated to main-chain oxygen atoms and to 
oxygen atoms from the side chains of acidic residues. It is not 
clear at this stage of the analysis if there are any solvent 
molecules in the Ca coordination spheres. There is disagreement 
about the location of high- and low-affinity Ca-binding sites, 
but most recent studies using Ca binding and NMR seem to 
agree that sites 3 and 4 are the high-affinity йез 2°. Ip the Pb 
derivative, two of the Pb ions replace the Ca ions in domains 
1 and 2. Therefore, our data are consistent with other evidence 
that sites 3 and 4 are the high-affinity sites. 


Discussion 


Calmodulin exhibits a high degree of sequence homology with 
parvalbumin and troponin- -C?78 but homology with intestinal 
Ca-binding protein is restricted to the Ca-binding regions. Based 
on the structure of parvalbumin, Kretsinger and Barry? pro- 
posed a helix-loop-helix (or EF hand) conformation for the 
Ca-binding regions in troponin-C. An EF hand is a linear 
sequence of —30 amino acids where two nearly perpendicular 
a-helices flank a 12-residue Ca-binding loop. Parvalbumin con- 
tains two such Ca-binding domains. Based on the structural 
features of these two domains, Tufty and Kretsinger?? postulated 
that a stretch of 16 amino acids is essential for the formation 
of a Ca-binding EF hand. They applied this test sequence to a 
wide variety of proteins and generalized that all intracellular 
Ca-modulated proteins contain EF hands. The crystal structure 
determination of intestinal Ca-binding protein’? and our results 
for calmodulin provide structural confirmation of this 
hypothesis. However, there are significant differences among 
the three structures, primarily in interhelical angles. A com- 
parison of these angles is given in Table 2. The average inter- 





Table 2 Inter-helical angles in the Ca-binding domains 
Intestinal calcium- 
Calmodulin Parvalbumin binding protein 
Helix Angle Helix Angle Helix Angle 
pair (deg) pair (deg) pair (deg) 
I-II 92 C-D 103 IH ` 121 
I-IV 96 E-F 102 HI-IV 121 
IV-V 97 
VI-VII 107 


The interhelical angles for parvalbumin and intestinal Ca-binding 
prótein are taken from ref. 12. 


helical angle in calmodulin is smaller than in parvalbumin and 
in intestinal Ca-binding protein. The angles in calmodulin are 
closest to 90°, whereas those in intestinal Ca- binding protein 
deviate most from 90°. 

Rat testis calmodulin contains two tyrosine residues at posi- 
tions 99 and 138 that reside in the third and fourth Ca-binding 
domains, respectvely". Our studies reveal that these two 
residues occupy different environments. Tyr 99 is directed into 
the third Ca-binding loop and is fairly accessible to solvent. Tyr 
138 points away from loop four into a hydrophobic pocket 
where it contacts Phe 89 in helix IV and Phe 141 in helix VII. 
Thus, although Tyr 99 forms contacts only with residues in 
domain 3, residues from both domains 3 and 4 interact with 
Tyr 138. The observed structure supports the earlier evidence 
that Tyr 138 occupies a hydrophobic environment $?'-?, The 
different environments of the two tyrosine residues could explain 
why an azido derivative of Tyr 99 can be crosslinked to many 
more calmodulin-binding proteins than the comparable deriva- 
tive modified at Tyr 138 (ref. 34). Although Tyr 99 is in one of 
the Ca-binding loops, it cannot be essential for Ca binding as 
it is replaced in the spinach protein by phenylalanine and in 
the protozoan Tetrahymena protein by leucine. 

Vertebrate calmodulins contain a trimethyllysine residue at 
position 115. Seamon?! has suggested that this amino acid 1s 
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exposed to solvent in the absence of Ca. The crystal structure 
reveals that trimethyllysine is in the region between helices V 
and VI and is directed towards the solvent with no obvious 
interactions with other residues in the molecule. Van Eldik et 
al?? have shown that trimethylation is not required for Ca- 
dependent interaction with phenothiazines. Putkey et 212% have 
reported that this post-translation modification also is not 
required for Ca binding, activation of several calmodulin-depen- 
dent enzymes or for Ca-induced conformational changes. These 
facts, together with the absence of a trimethyl group on Lys 115 
in several invertebrate calmodulins?^^, make it unlikely that this 
rare modification is mandatory for function. 

One unusual aspect of the calmodulin structure is the long 
central helix (helix IV) connecting Ca-binding domains 2 and 
3. This long helix seems to serve as the backbone of the protein 
with the two halves of the molecule attached on either end of 
the helix. Because this helix is shared by Ca-binding domains 
2 and 3, it may have a role in the cooperative binding of Ca. 
Troponin-C has a similar long central ‘helix that connects the 
two halves of the molecule; in the crystal structure of troponin-C, 
there are two Ca ions bound to the carboxy-terminal domain, 
whereas the cation-binding sites of the amino-terminal domain 
are Ca free. The amino-terminal portion of troponin-C seems 
to wrap around the first part of the central helix, it is possible 
that in a similar fashion the carboxy-terminal portion wraps 
around the second part of this helix when Ca is removed. Thus, 
the central helix in troponin-C and calmodulin may be buried 
in the absence of Ca and exposed when the 10n is bound, which 
would be consistent with proteolysis studies of calmodulin. The 
greatest sensitivity of calmodulin to trypsin occurs among the 
residues in this central helix. In the presence of Ca, limited 
proteolysis results in one cleavage in the centre of this helix that 
produces two fragments 1-77 and 78-148 (refs 25, 37-39). 
However, in the absence of Ca the fragments produced are 
1-106, 1-90 and 107-148 (refs 25, 37-39). This suggests that Ca 
binding exposes the residues in helix IV:to proteolytic attack. 

' Several lines of evidence suggest that the residues in helix IV 
have an important role in the interaction of calmodulin with 
receptor proteins and drugs. The chemical modification studies 
of Walsh and Stevens?? showed that carboxymethylation of 
methionine residues 71, 72 and 76 prevents the productive 
interaction of calmodulin with cyclic phosphodiesterase. Also, 
Newton et al.*' have covalently attached a phenothiazine to the 
Ca^* / calmodulin complex. The primary site of attachment is 
Lys 75, which resides in helix IV (D. L. Newton and C. B. Klee, 
personal communication). Crystallographic studies of cal- 
modulin complexes with drugs and receptor proteins will be of 
particular interest in elucidating the role of helix IV in these 
interactions. ` 

One approach that can now be used to study structure/func- 
tion relationships for calmodulin is to alter appropriate regions 
of the molecule to see how these modifications affect enzyme 
binding and activation. This is feasible as the chicken calmodulin 
gene has been cloned? and the cDNA has been introduced 


' into bacterial expression vectors to yield large amounts of easily 


isolatable protein?$. The chicken calmodulin gene is composed 
of eight exons and seven introns, five of the introns are in the 
amino-acid coding region". One intron separates the DNA that 
encodes amino acids 82 and 83, thus interrupting helix IV and 
serving to separate the two homologous halves of the protein. 
Of the other helices, introns split only two: helix I between 
amino acids 10-11, a region not involved in Ca binding, and 
helix VII, between amino acids 139-140. This latter intron inter- 
rupts Ca-binding site 4. The: remaining two introns interrupt 
Ca-binding loops 2 and 3, respectively. These data reveal that 
three of the four Ca-binding domains are interrupted by introns 
and therefore do not totally support the proposal that introns 
primarily divide the functional domains of proteins *^?. The 
current theory suggests that introns separate regions of proteins 
that are on the surface of the molecule^. The locations of all 
the introns in the calmodulin gene support this latter theory. 
We thank Charles R. Mena and James G. Chafouleas for 
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The flux variations of extragalactic radio sources at low radio 
frequencies have proved very difficult to explain as changes in the 
luminosity of a simple synchrotron source. To circumvent this 
problem, several more complicated source models, such as those 
involving relativistic expansion of the source or coherent radiation 
mechanisms, have been devised. However, it has been suggested 
recently that the observed flux changes may be the result of a 
focusing effect of irregularities in the local interstellar medium. 
Here we present evidence which suggests that, in accordance with 
this explanation, low frequency variability is a more common 
feature of sources at low galactic latitudes. In the sample of radio 
sources monitored over a period of five years at Bologna, the mean 
galactic latitude of the variable sources is smaller than that of 
the non-variables to an extent that would occur with a chance of 
only 2% were the two groups drawn from the same parent distri- 
bution. 

It is now firmly established that the low frequency (<1 GHz) 
flux density of some extragalactic radio sources varies on time- 
scales of several months: the first conclusive evidence was pro- 
vided by Hunstead! and there have since been several major 
monitoring programmes to search for variability—notably, those 
of Fant: et al^, using the Bologna telescope at 408 MHz, and 
Spangler and Cotton. There are now more than 50 known 
low-frequency variable sources; most have flat radio spectra, 
normally associated with compact sources, and many are vari- 
able at higher frequencies. 

If the flux variations are caused by changes in the source 
luminosity, the timescale on which they occur may be used to 
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obtain an upper limit for the size of the source. Because the 
disturbance responsible for the change propagates with a speed 
less than that of light (c), the source diameter must be less 
than c (variation timescale)/(1+z) where z 1s the redshift. 
However, variations in amplitude of several janskys on time- 
scales of months in sources of moderate or high redshift require 
very large radiation brightness temperatures, well in excess of 
those that can be obtained from an incoherent synchrotron 
source?. Recently, however, Rickett et al$ have suggested that 
the variations are, at least in part, not intrinsic to the source, 
but the result of a refractive focusing effect of the general 
interstellar medium (A similar suggestion was made earlier by 
Shapirovskaya’, in which the focusing irregularities were con- 
centrated in galactic loop structures ) 

Small-scale irregularities in the density of interstellar electrons 
scatter waves into an angular spectrum of radius б and, for 
long wavelengths A (typically 210 ст), interference among its 
components causes 10096 modulations in the intensity of a point 
source, on scales of A/(2«6,.) in the plane normal to the direc- 
tion of the source. It has been noted? that these modulations 
account for the scintillation of pulsars observed on timescales 
of order 10 min, at frequencies below 1 GHz. Assuming a power 
law spectrum of irregularities with power per unit wavenumber 
proportional to (wavenumber) €*9?), and a Kolmogorov spec- 
trum (е = 5/3), recent studies of pulsar scintillation’ allow, that 
for a path length А through the galaxy, 6,= 
6(A m^) (LE kpc^!/? mare s, which applies for a plane-wave 
source The distribution of scattering irregularities is often 
approximated by a layer of thickness +500 pc centred on the 
galactic plane, so that at galactic latitude b, (Lkpc !)- 
0.5cosec(b) and 6,,—4(A m^)! (cosec b)/5 marcs. These 
diffractive scintillations have never been observed for 
extragalactic radio sources'™'', which 1s usually taken to mean 
that the angular diameters of such sources, 00, are sufficiently 
large that interference patterns from adjacent parts of the source 
are smeared over a distance L0, much larger than the scale of 
the patterns themselves, A/(276,,). The intensity modulations 
are thus completely levelled However, the large-scale 
irregularities present can also modulate the intensity by refrac- 
tive focusing, which produces caustics in the wavefront from 
the source that are noticed as intensity fluctuations as the obser- 
ver passes through them. The largest scale in the medium that 
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Fig. 1 The height of each bin represents the fraction (N,/ №) of 

sources from the Bologna sample that show fluctuations of ampli- 

tude 7596 of the mean. In order of increasing |b|, the values for 
(N,/ N) are. 11/20, 9/19, 5/17, 9/20, 7/20 and 3/18. 


can influence the radiation at any one point, is determined by 
the effective scattering disk of radius L@,, at distance L. For a 
power-law wavenumber spectrum, the increasing power in larger 
scales results 1n substantial modulation in the intensity of a 
point source on scales of Lô, The exact level of modulation 
depends on the power law exponent a and is particularly strong 
for exponents above four Nevertheless, measurements of laser 
scintillation in the atmosphere show that even Kolmogorov 
spectra give rise to 50-100% modulation’. Similar results are 
found for pulsars in the interstellar medium®. Compact 
extragalactic sources of diameter 6, should fluctuate as do 
pulsars if they are small enough (L6, < L6,.). Even though this 
limit is much less stringent than that for diffractive scintillation, 
low frequency VLBI observations suggest that, at metre 
wavelengths, most compact sources have 0) = bso so the refrac- 
tive scintillations are at least partially quenched by smearing 
over a scale L6. The resulting modulation will bef AS,,,,/S = 
0../ 0o on timescale L6)/2v where v is the relative velocity of 
the Earth and the scintillation pattern (10-100 km s^!). 


The foregoing theory makes predictions for the dependence 
of source variability on galactic latitude, which we have 
examined using the Bologna sample of Fanti et al?. Figure 1 
shows the most interesting result; the fraction of sources 
monitored that fluctuate with amplitude 7596 of the mean is 
shown for each of six galactic latitude bins as.a function of 
[sin(b)|. The definite fall in this fraction with increasing latitude 
suggests that the variations are related to propagation in the 
interstellar medium. Because a x? test takes no account of the 
order of the bins, it is not expected to attach great significance 
to this trend and, indeed, it does not. The Mann-Whitney test!*, 
which relies on the difference between the ranks of the variable 
and non-variable sources with galactic latitude, is far more 
appropriate. This test confirms that the variable sources have 
statistically lower galactic latitudes than those with steady fluxes; 
it yields a 296 chance that the two populations would be drawn 
in the manner observed from the same distnbution in b. 
However, the possibility that this trend is caused by selection 
effects must be examined. 

The Bologna sample is made up of several subsamples, con- 
sisting of sources chosen by known variability, flat spectra or 
interplanetary scintillations To produce the observed trend їп 
a set of intrinsically variable sources by selection, at least one 
subsample would have to be strongly biased, either in favour 
of low latitudes, with an excess of variables, or in favour of 
high latitudes, with a deficiency of variables. Such an effect 
might arise 1f one subsample, biased towards low or high lati- 
tudes, was selected at very high or very low frequencies, respec- 
tively. One would then expect either an excess of flat spectrum 
sources (likely to be variable) at low galactic latitudes, or steep 
spectrum and probably extended sources (unlikely to vary) at 
high latitudes. However spectral information exists for most of 
the sources and spectral indices —dlog (flux)/dlog (frequency) 
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can be found. Taking a flat spectrum source to have spectral 
index <0.5 in the region 0.5-5.0 GHz, there is no evidence to 
suggest that the flat and steep spectrum sources in the Bologna 
sample are differently distributed in b. 

One may also restrict attention to sources in a narrow band 
of spectral index, across which there is little change in likelihood 
of variability. Almost all the sources with spectral index <0.2 
are variable, but in the range of spectral indices 0.2-0.5, where 
there is no significant trend in spectral index with |b], the variable 
sources again lie at systematically lower galactic latitudes than 
the non-variables, with a chance of <1% that the two popula- 
tions would be drawn from the same distribution in b. Further- 
more, the significance of the trend depends strongly on the 
dearth of variable sources above |b|=60°, which is apparent 
(although not highly significant) in the larger subsamples, 
individually Therefore, it does not seem likely that the observed 
trend was produced by a dependence of spectral index on |b], 
such as may arise through compiling the whole Bologna sample 
from its components. We cannot, of course, eliminate the possi- 
bility that unknown systematic effects are responsible for the 
presence of the trend within the subsamples. 

Although the exact form that the focusing mechanism predicts 
for Fig.1 depends on the source model assumed and the 
(unknown) distribution of angular sizes on milliarcsecond 
scales, the observed trend is clearly in the right sense. At a given 
latitude, the fraction of uniform sources that fluctuate with 
amplitude >5% of the mean 1s, from the above expression for 
AS, ms/S, Just that with angular size 00<20 6,.. which will 
increase with 8, and hence with cosec(b). However, the sources 
will probably be inhomageneous and, if at some |b| 6,, becomes 
sufficiently large that the scintillating components of most com- 
pact sources fluctuate with amplitude >5% of the total flux, 
then one would expect no further increase in the fraction of 
variable sources at lower galactic latitudes. This may account 
for the absence of a marked increase in the probability of 
variability at low b, where Ө increases most dramatically. 

Using published data for the variable sources in the Bologna 
sampleP, we have looked for relations between galactic latitude 
and the amplitude and timescales of variation. None of the 
expected trends are apparent in these data, which may be 
because the published parameters describe individual outbursts 
rather than r.m s. variations. However, wide ranges in the frac- 
tion of flux coming from the compact component, in angular 
size ĝo and in velocity of the Earth through the scintillation 
pattern, could also mask these effects. When metre wavelength 
VLBI data become available, the flux and diameter of a com- 
pact component may be used to explore further the relation- 
ships between amplitude, timescale, diameter and galactic 
latitude. 


Although Fig. 1 suggests that the focusing mechanism 1s 
responsible for low frequency variations in many sources, there 
remains the possibility that some variations are intrinsic. In this 
context we note that, of six sources recently monitored!5, five 
varied almost simultaneously over a range of frequencies 
between 300 and 1,400 MHz, as the focusing mechanism pre- 
dicts. One, however, exhibited brightening, with delays at lower 
frequencies, of the kind often associated with outbursts in a 
synchrotron source; this source may well be intrinsically 
variable. 

Any source of observed diameter of the order of 10 marc s at 
a few hundred MHz that shows angular broadening, diminishing 
in diameter at higher frequencies, has 05: Ө, and should 
undergo refractive scintillations with 50-100% modulation as 
do pulsars, on timescales comparable with other extragalactic 
sources. Such sources are important candidates for monitoring. 
It has been noted" that at very low galactic latitudes (<5°), 
particularly towards the galactic centre, broadening is rather 
greater than is. expected by extrapolating from that at high 
latitudes using the cosec‘b) relation for L. Small-diameter sour- 
ces seen along such paths should also fluctuate at centimetre 
wavelengths and it is plausible that several of the variable 
low-latitude sources, reported by Ryle et al? and by Taylor 
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and Gregory’, are extragalactic sources whose flux is modulated 
by refractive scintillation. 

We thank Dr. L. Padrielli for discussion on the Bologna 
sample, Stephen Eales for advice on matters statistical, and Drs 
A. J. B. Downes and P. A. G. Scheuer for helpful comments. 
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Spinor wavefunctions change their sign under 277 rotation, an 
effect observable in interference experiments!?, Several experi- 
ments have used magnetic precession of neutrons to implement 
rotations". Other investigators have observed phenomena in 
molecular, nuclear or atomic systems with integral spin that have 
been identified as interference effects produced by 27 rotation’. 
I describe here a distinction between experiments on spin-1/2 
neutrons and those on bosons, one that is crucial to interpreting 
these experimental results. Following recent work on interpreting 
magnetic precession as rotation’, I show how to resolve Zeilin- 
ger's thought experiment’, which actually measures the spin direc- 
tion of two partial beams, with Byrne's point" that the recombined 
beam of neutrons has been rotated only хл rad when the relative 
rotation between two partial beams is 277. The essential distinguish- 
ing step lies in recognizing the lack of geometric significance, in 
general, of the mathematical parameter that equals 277 in the 
boson case. 

When one transforms spin-1 states by true spatial rotation, 
the smallest covering angle (the first angle that restores original 
behaviour to a continuously rotated two-state subsystem) is т 
rad, not 27 rad. The observed sign change is nothing more than 
the (—1) of complete mirror reflection; such a reflection within 
a plane is exactly equivalent to a 7 rotation in three-dimensional 
space. This touches on the central problem of interpretation 'Is 
there any dynamic interaction that we may interpret as a pure 
rotation”. 

Although static magnetic fields generally cause additional 
effects, a uniform magnetic field that turns on after the particle 
enters does implement а pure spin rotation Here I suggest a 
new symmetrical neutron interference experiment, which, with 
static fields, clarifies why the spin of the recombined beam has 
rotated only т rad; with time-dependent fields, this configur- 
ation provides a feasible implementation of pure rotation. 
Indeed, the question posed above is addressed in the context 
of broader issues in the interpretation of quantum theory at the 
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end of this letter. I begin by considering the relationship between 
rotations and dynamic interactions. 

In quantum theory, certain unitary transformations represent 
spatial rotations, whereas others are used to represent the time 
evolution of a system. A rotation through angle 0 in the x 
direction, for example, is R,(0) = exp (—10J, /h), where J, is 
the operator for the x component of angular momentum, which 
may be calculated from the derivative, or generator, of the 
rotation 


Jh = АК, / 49|. (1) 


Similarly, the hamiltonian, H, is a generator of the unitary time 
evolution operator, U(t). If |¥(t))= U(O[|v(0), then the 
Schroedinger equation states 


H/h=idU/dt|,o (2) 


assuming that H is time independent. The complications intro- 
duced to equation (2) by time-dependent interactions are exactly 
analogous to finding the angular momentum a$ a derivative at 
0 = 0. 

The analogy between equations (1) and (2) underlies all of 
the work on boson systems. In the simplest case, one finds a 
two-state subsystem where the hamiltonian induces transforma- 
tions from one state to the other and vice versa, with equal 
transition probability, A, given by 


0 A 
Н/ћ = 
/h ( A d (3) 
which has the same form as the Pauli matrix for spin $, 
0 4 
o,/2=J,/h= | | (4) 
x 0 


Indeed, just as the general rotation 


/2 = cos (6/2) ~1sin 9g 
Е, НИ cos (8/2) 


reduces to a phase factor (—1) when 9=27, so a suitable 
evolution time for the hamiltonian in equation (3) also produces 
such a sign change. It is essentially this sign change that is 
measured by all boson experiments. The analogy between time 
evolution and rotation is the essence of the work on integral 
spin systems. 

On the other hand, the idea of the neutron precession experi- 
ment relies on identifying the hamiltonian with the angular 
momentum. Indeed, to produce a true rotation, the hamiltonian 
must be proportional to the actual angular momentum of the 
system and not just to an analogue of a spin-} operator^!*, This 
proportionality to angular momentum has double significance 
for interpreting the experiments: (1) the correspondence prin- 
ciple teaches that when energy is proportional to angular 
momentum, the interaction exerts a torque on the system, 
thereby causing it to rotate; (2) the parameter in equation (5) 
corresponds (as in the gedanken Stern- Gerlach experiments of 
ref. 12, or in its more feasible experiments using polarized 
neutron birefringence) to a measurable angle. By contrast, an 
actual 27 rotation of the analogous boson two-state subsystem 
produces no change of sign; the measurable rotation angle that 
results in sign change is 7 rad instead. This can be seen by 
considering the spin-1 example. 

For a system of spin 1, with the usual basis set (|-- 1), |0), 
|-1)}, labelled by J,/h, the generator of a z-axis rotation is 
diagonal, But transforming to a basis of |x) = 1/¥2(|+1) +]—1)), 
ly) = 1/¥2(|+1) -]-1)) and |2) = |0), we find 


(5) 


0 1 0 
J,/h«|1 0 0 (6) 
000 
which clearly has a two-dimensional subspace (spanned by 


{|x), |у)}) where it takes the off-diagonal form required by 
equation (3). Unlike the spin generator (equation (4)), 
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however, the non-zero elements are 1, not J. This difference 
makes the physical rotation, restricted to the {|x), |y)) subspace, 


—isin | (7) 


cos 6 


—isin 6 


Riremeed(g) ER ( DF 


in clear distinction to the half-angle dependence in equation 
(5). Here it is obvious that the physical т rotation reduces to 
a sign change. Indeed, just as the states |+1) and |- 1) correspond 
to spin fully up and down along the z axis, so the states |x) and 
|y) represent spin along the x and y axes, respectively. These 
act like well-behaved vectors in all respects, including complete 
return (no sign change) under 27 rotation and inversion when 
rotated by т rad about an axis perpendicular to. their plane. 
Note that under 7/2 rotation |x) becomes — у) and |y) becomes 
—1|x). 

This last fact 1s probably the source of confusion in over- 
emphasizing the spinor analogy, for it 15 а т rotation that 
converts a spinor into its orthogonal complement. If the experi- 
ment (or, more exactly, its interpretation) identifies this conver- 
sion of |x) into |y) and vice versa with a spinorial т rotation, 
the analogy of doubling the physical angle is established. As a 
result, the first return to the initial states is analogous to a 
spinorial 2a rotation. Equation (7) shows this ‘covering’ return 
is actually a т rotation in physical space. 

For non-scalar particles travelling at the speed of light, only 


two angular momentum states exist, which, in the case of ' 


photons, are the two distinct linear polarizations (and/or combi- 
nations thereof). If the direction of travel is the z axis, then the 
polarization of a single photon is a complex unit two vector in 
the x-y plane, essentially the direction and phase of the electric 
field vector of the corresponding electromagnetic wave. The 
physical rotation through angle ф about ĉ (the caret denotes а 
real unit vector) is 


cos ó —i sin 2) 


—isin $ cos $ 


-Q-( 


Once again we see the full-angle dependence. 

The space of all distinct polarization vectors, (8), with Jal - 
162 — 1, can be parametrized by points on a unit sphere in a 
fictitious three-dimensional space, where rotations are spinorial 
by definition. One can introduce angles 4&7, exactly analogous 
to the usual 0,9 angles on a sphere, but the north and south 
poles of the & sphere are the spinor basis states, € and ij. 
Orthogonal directions in space are thus represented by polar 
opposite points in spinor (n) space and the spinorial angle 
between states is twice the angle in physical space. Again, the 
2% rotation in a fictitious spinor space is actually a л rotation 
in real space. This fictitious (‘Faraday’) space; with its rotation 
analogies, is of great use in understanding and picturing the 
relations among states of polarization, but its transformations 
are not physical space rotations’, 

The distinction between fermions and bosons can be extended 
to higher spins. For all fermions, true 27 rotations produce a 
sign change, whereas for bosons they do not. The smallest 
rotation angle that produces a sign change in a two-state sub- 
space of spin J 1s s/J. For fermion spin greater than 3 this is 
an odd submultiple of 27, which means that a 27 rotation may 
be composed of these smaller rotations, by multiplying them 
together. Then the (—1) factor appears raised to an odd-integer 
power; the full 27 rotation, therefore, also changes sign. For 
bosons 1/7 is an integral submultiple of т and a 27 rotation 
therefore produces the factor (—1)”’, that is, no sign change. 

In general, taking m (the angular momentum 'component 
along the rotation axis) as a label, we have R(6@)|m)= 
exp (—1m8)|m). The value of m ranges from —J to +J in steps 
of one unit, where J ıs the total spin (half-integral for fermions, 
integral for bosons). Because this includes the values т = +1 


R(= 


in a basis where 
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Fig.1 Asymmetric magnetic precession experiment (schematic). 


for non-scalar bosons end т = +1 for fermions, the smallest 
angle producing a sign change of the entire space of states is 
always л for bosons and 27 for fermions. 

In the highest and lowest m (= +J), choosing the basis |+) = 
1/42(J)-|-J)) and |- = 1//2(J) —|-J)) makes the rotation 
matrix 


(8) 


Вітаса gy шы ( cos (J0) —isin 5) 


—isin (Ј0) cos (J0) 


from which it follows that sign change first occurs for 0 = 7/7, 
as stated above. This 1s particularly important for the case of a 
particle travelling at the speed of light, because its two polariz- 
ation states are precisely |+J) and |—J), hence |+) and |-) are 
a natural basis for the rotations. The cases of J=} and 1, 
corresponding to neutrino and photon respectively, fit formulas 
given above. The one other massless entity 1n modern physics, 
that is the ‘graviton’, has spin 2. Pictures (p. 230 of ref. 16) of 
acceleration for linearly polarized gravitational waves clearly 
show the rotation effect described above: the value of J for 
bosons denotes a J-fold symmetry of the transverse oscillations 
in the case of light-like radiation. 

What of the interpretation of the neutron spin precession as 
rotation? Zeilinger's clever thought experiment!? actually 
measures the spin direction of two partial beams, providing a 
physical demonstration of the rotation, whereas Byrne’? points 
out that the recombined beam has been rotated by only т rad 
when the relative rotation between partial beams is 27. 

That both authors are correct is directly demonstrated by a 
2«-rotation experiment performed symmetrically, with a posi- 
tive 7 rotation along one path and a negative (or opposite-sense) 
т rotation along the other path. In some cases, this symmetrical 
rotation scheme could help eliminate possibilities for determin- 
ing along which path the neutron travelled, for example, by 
using a common source for the two fields and arranging that 
any magnetic energy exchange be the same for both possible 
paths. As is well known in quantum theory, if one can tell which 
path was taken, the phase coherence between the paths is 
destroyed and the interference is not observable. If the 27 
rotation experiment were done asymmetrically, the passage of 
a neutron dipole moment through the magnetic field along one 
path might conceivably produce detectable back reaction, sig- 
nalling which path it took. Almost certainly there would be some 
additional phase shift, beyond the expected sign change result- 
ing from 2« rotation, because of the asymmetry. 

If we examine the symmetrical experiment (see Fig. 1), we 
immediately notice that the т rotations produce the same 
orientation of neutron spin, whichever path is taken. Thus, if 
the initial spin 1s ‘up’ (as in Fig. 1), then the spin of each partial 
beam will be ‘down’ when they are about to recombine. The 
recombined beam is also spin 'down'. Note that this experiment 
would not require a polarized initial beam because the same т 
‘rotation effect occurs with a spin ‘down’ particle Of course, to 
follow the spin by, say, Zeilinger's Stern-Gerlach apparatus 
would require a polarized beam. 

These remarks about orientation apply equally to bosons. For 
example, consider a spin-1 case and let ‘up’ denote the state |x) 
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defined above. Equation (7), with 0 = т, shows that positive т 
rotation transforms |x) to —|x). But so does 0 = —7; the recom- 
bined beam points in the ‘down’ direction, opposite ‘up’. This 
accords with Fig. 1, but produces no relative phase between the 
two beams, so there is no difference in the interference pattern 
from the case of zero rotation An observable sign change occurs 
at smaller rotation, namely, 0 = +т/2. 

The fact that the combined spin direction after a 27 relative 
rotation is only т rad away from the initial direction is a special 
case of superposition of two equal-intensity coherent spinors. 
In general, the spin of the superposition lies in the plane bisect- 
ing the angle between the two spin vectors. This can be seen 
quickly in spinor algebra. For simplicity, take the x-z plane to 
contain both the combining spinors and let the x axis be their 
angle bisector (see Fig. 2). This is just a choice of coordinate 
axes If we use the convention that 


lo gym (8) ы) 


віп (0/2) et!#/? 


where 0,ф are the colatitude and azimuthal angles, respectively, 


we have 
recombined oc is 0) + Ir. оу) 
ly ) ( 370 5+ 


a 


(9) 





| yrrecombinedy c cos 


= Cos — E 0) (10) 


If we take ņ as the individual rotation angle, т, in the 
symmetric 27 rotation experiment, then equation (10) implies 
a vanishing amplitude for the recombined state that reflects the 
perfect destructive interference attributable to the (—1) phase 
factor induced by one full rotation. (In the notation of Byrne's 
paper”, B =2т;апа A = B, that is the parameters characterizing 
the intensity of the recombining beams are equal, imply the 
vanishing of the recombined beam itself, for no particles 
(ideally) would be transmitted. Byrne's equation (3) reflects 
this—the transmission coefficient drops to zero for these values. 
His point about the spin polarization is nevertheless correct; it 
does suffer a rotation of т rad Experimental confirmation would 
require taking the limits as В > 2« and seeing the polarization 
approximate rotation by т as closely as one likes.) 

Jt is interesting briefly to consider the effects of a relative 
phase shift, a, on the recombined beams. In this case, spinor 


addition gives 
7 
=+7,0 
АЛТ) 


z 4 cos? (a/2) sin? (1/2) t sin? (0/2) cos? (7/2) 








| precombmned) ос (ew > 7, 0) + ea? 





x 





S, Жап”! (tan (7/2) tan («/2)) (11) 


Previous work?!^ has discussed the fact that a static magnetic 
field introduces precisely such a relative phase shift, as well as 
the desired rotation, in an asymmetrical relative rotation experi- 
ment. This small extra phase shift arises because the static 
configuration conserves energy. Neutrons with spin parallel to 
the field increase their kinetic energy, spending less time in the 
field than those aligned oppositely. The resulting phase shifts 
are not precisely equal and opposite. That in such an experiment 
the rotation is not pure, would be revealed in these spin-tracking 
experiments by arriving at a recombined polarization that lies 
in the x-y plane, but not precisely along the x axis. 

Note that various interactions can produce the hamiltonian 
of equation (3), which results in a time evolution operator 


E cos (А) —isin (At) 
MD C. sin(At) cos 2 


For the slightly more complicated case where A is a function 


(12) 
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Fig. 2 Addition of spinors. 


of time, the product At is replaced by the integral I(1)— 
fo A(T) ат. Then 


cos I(t) 
—rsin I(t) 


—isin 15) 
cos F(t) 


But the relationship between the product At, or I(t), and a 
physical rotation angle (1f any) depends on the angular momen- 
tum, J, of the system. H must be proportional to J to identify 
U(t) as a rotation. The advantage of magnetic precession as a 
means of performing rotation lies in the well-established propor- 
tionality of the hamiltonian to the magnetic moment and hence 
to angular momentum. Even so, as stated above (and developed 
previously!^!^!7) certain magnetic field distributions produce 
additional phase shifts. Thus, one must be careful of the theoreti- 
cal analysis that undertakes identification of any dynamical 
process with a rotation. For it is well known that interactions 
produce phase shifts that can mimic those produced by physical 
rotations of either the reference system (passive rotations) or 
of the state-preparation devices (active rotations). 

More directly, to identify a transformation as a rotation 
requires a physical rotation angle and preferably one that is, in 
principle, directly measurable..Zeilinger's analysis shows how 
to make such measurements during magnetic precession. The 
issue of such a geometric (or macroscopic) correlative of the 
spin, for polarized neutrons, undergoing precession has been 
raised in the earlier literature on the interpretation of these 
experiments! ?!7-?!, The suggestion of using a strong static helical 
field (whose change of direction in space could be easily 
measured) was an early step in this direction?'. Such a field 
entrains the moment of the polarized neutron and guides it 
around in space. The theory shows that in the asymmetric case 
such a helical static configuration also produces only approxi- 
mate rotations'*”°?, The approximation involved is so good 
(often better than 1 part per 10?) that it enters the discussion 
only at the level of interpretation Nevertheless, every time- 
independent magnetic field thus far examined requires these 
approximations in order to be interpreted as a true rotation. 

By contrast, the investigation of precession in time-dependent 
(as opposed to space-dependent) magnetic fields!^ shows exact 
reproduction of the effect of rotation; that work left only one 
question—whether such fields could be found that also satisfy 
Maxwell's equations—now answered affirmatively. An infinite 
sheet of uniform current density, starting up from zero to a finite 
value and returning to zero again, produces a plane-wave elec- 
tromagnetic ‘pulse’ whose magnetic field fulfills the require- 
ments. The details of this configuration, with discussions of its 
possible implementation will be published elsewhere (H.J B., in 
preparation). 

The deepest issue of interpretation lies in determining when, 
if ever, an interaction may be considered to produce a symmetry 
transformation. The issue 1s joined 1n noting that torques must 
be applied to any spinning object to rotate it. These torques 
imply (certainly for a quantum mechanical system) entangle- 
ment with a macroscopic system, such as the magnetic field in 
the neutron experiments. 
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Wheeler? terms the sign change of a spinor under 27 rotation 
its ‘entanglement relation’, referring to the model of a macro- 
scopic object tied (by elastic strings, ribbons or a strip of 
material) to its surroundings. Under 27-rotations the strings 
become irremediably entangled, but after 47-rotation they may 
be topologically restored to the untangled state without rotating 
the object This 'entanglement relation' underlies a variety of 
popularized demonstrations of spinor properties. Dirac was fond 
of twisting his belt to show it. A triangular lecture-hall model 
has been described?!, but perhaps the most beautiful demonstra- 
tion 18 that of the Phillipine Binasuan dance? The causal 
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connections of interaction may be less surprising than those of 
correlation (as in recent implementations of the Einstein- 
Rosen-Podolsky ‘paradox’”*), but even if they turn out to be 
pictured or controlled more easily, they are no less real. 
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Evidence from polar ice cores for 
the increase in atmospheric 
CO, in the past two centuries 
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Precise and continuous measurements of atmospheric CO; con- 
centration were first begun in 1958 and show a clear increase from 
315 parts per million by volume (p.p.m.v.)' then to 345 p.p.m.v. 
now. À detailed knowledge of the CO, increase since preindustrial 
time is a prerequisite for understanding several aspects of the role 
of СО», such as the contribution of biomass burning to the CO, 
increase and the sensitivity of climate to the CO; concentration 
in the atmosphere. Estimates of the preindustrial CO; concentra- 
tion are in the range 250—290 p.p.m.v. (ref. 2), but the precise level 
then and the time dependence of the increase to the present levels 
remain obscure. The most reliable assessment of the ancient atmos- 
pheric CO, concentration is derived from measurements of air 
occluded in ice cores. An ice core from Siple Station (West 
Antartica) that allows determination of the enclosed gas concentra- 


tion with very good time resolution has recently become available.- 


We report here measurements of this core which now allow us to 
trace the development of the atmospheric CO; from a period 


overlapping the Mauna Loa record back over the past two centuries. : 


Air bubbles are a characteristic feature of natural ice. At 
locations with mean air temperatures well below the freezing 
point, ice is formed by sintering of dry firn. At the firn-ice 
transition, the pore volume becomes separated as isolated 
bubbles having no further interaction with the atmosphere. The 
transition process is slow, so that the sampling of air into isolated 
bubbles spans at least several years, the duration depending 
mainly on the accumulation rate and the mean annual tem- 
perature. 

Measurements were made on a 200-m ice core drilled in the 
Antarctic summer 1983/84 at Siple Station (75°55’ S, 83°55’ W) 
by the Polar Ice Coring Office in Nebraska and our institute. 
The mean annual air temperature is —24°C and the annual 
accumulation rate 15 500 kg m”. Only one clearly identifiable 
melt layer of irregular thickness (2-10 mm) was observed in the 


entire core at 7 m below surface (m.b.s.). Counting the seasonal · 


variations of the electrical conductivity of the ice core allowed 
us to date the core over the past 200 yr with an accuracy of 


СО» concentration (ppmv) 





1700 1750 1800 1850 1900 1950 2000 
Mean gas age (yr AD) 


Fig. 1 Measured mean CO, concentration plotted against the 
estimated mean gas age. The horizontal axis of the ellipses indicates 
the close-off time interval of 22 yr. The uncertainties of the con- 
centration measurements are twice the standard deviation of the 
mean value, but not lower than the precision of 196 of the measure- 
ment The dotted line represents the model-calculated back 
extrapolation of the atmospheric CO, concentration, assuming 
only CO, input from fossil fuel?. 
Methods. After crushing the 1ce samples, the gas expands over a 
cold trap, condensing the water vapour at —80 °C into the absorp- 
tion cell. Care was taken to minimize the effect of selective transport 
of CO, by water vapou-. This effect was discovered while testing 
the system, when a difference in the measured CO, concentration 
was observed depending on whether the valve between the crusher 
and the cold trap was open or closed during the crushing process 
With the valve closed. the concentrations were systematically 
higher by ~15 p.p m.v. Crushing the ice with the valve open causes 
small ice particles to be transported to warm surfaces, where they · 
1mmediately evaporate, leading to a considerable amount of water 
vapour in the system. The part of this water vapour not immediately 
condensed 1л the cold trap expands into the absorption cell and 
then flows slowly back into the cold trap, as indicated by the 
pressure monitoring in the absorption cell, which leads to a 
decreased CO, concentration in the absorption cell. When the 
valve is closed, the ice particles created during the crushing process 
are kept back in the ccld crusher and less water vapour reaches 
the absorption cell after the valve is opened, leading to smaller 
deviations of the CO; concentration Also, for this slightly modified 
measuring procedure, the measurements could be controlled by 
crushing pure gas-free single-crystal ice surrounded by the same 
amount of standard gas as contained in an average 1ce sample. 
With this procedure, small positive deviations in the CO, con- 
centration, attributable to water vapour flow from the crusher into 
‚ the cold trap, can be determined and the measurements corrected 
accordingly This correction is below 196 for 10-cm? samples and 
below 4% for 1-ст? samples. All Siple samples were measured 
using the modified procedure and each fourth measurement was 
a calibration run. 
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Mean CO, concentration in air extracted from ice samples 








Siple Station 


CO, concentration 


Depth below Samples Ice from Air enclosed Extracted air Atmosphere 
surface (m) measured (yr AD) (yr AD) (p p.m v) (p.p mv ) 
68 2-68.6 8 1891 1962-1983 328+3.5 328 
724-727 11 1883 1954-1976 318430 321 
76.2-76.6 11 1876 1947-1969 312+3.0 315 
82.0-83 0 28 1867 1938-1960 3113.0 
92 0-93.0 25 1850 1921-1943 3063.0 
102.0-103.0 26 1832 1903-1925 300+ 3.0 
111.0-112.0 26 1812 1883-1905 297430 
128.0-129.0 47 1782 1842-1864 288130 
147.0-147.2 10 1743 1814-1836 284+3.0 
162.0-162.3 9 1723 1794-1819 280430 
177 0-177.3 10 1683 1754-1776 279+30 
187.0-187.3 10 1663 1734-1756 279 +3.0 
South Pole 
IRLS/LES IRLS LES 
139 0-141.0 12/5 820 1660-1880 278 +30 280+30 
160.0-162.0 12/5 610 1450-1670 281 +3.0 283+3 0 
205 0-207.0 8/4 110 950-1170 279+4.0 280+30 





LES, Large extraction system. 


+2 yr (ref. 3). Based on porosity measurements, the time lag 
between the mean age of the gas and the age of the ice was 
determined to be 95 yr and the duration of the close-off process 
to be 22 yr (ref. 4). These values are, of course, evaluated for 
one particular core representing the present situation (1983), 
assuming a homogeneous enclosure process and not taking into 
account the sealing effect of observed impermeable layers. 

The gases from 1ce samples were extracted by a dry-extraction 
system, in which bubbles are crushed mechanically to release 
the trapped gases, and then analysed for CO, by infrared laser 
absorption spectroscopy (IRLS) or by gas chromatography 
(GC). The combination of a needle crusher and IRLS allows 
us to analyse samples of ice as small as 1 g (ref. 5) (see Fig. 1 
legend). During the past 2 yr, a new large dry-extraction device 
for ice samples up to 1 kg has been built and extensively tested®. 
The ice samples are ground ın vacuo and the gases collected on 
a cold finger (20 K) and later analysed by both GC and IRLS. 
Applying both procedures to neighbouring ice samples gave the 
same concentration to within 1%. The measurements using the 
needle crusher, published previously?^?, were performed using 
a slightly modified procedure and exhibited generally lower CO; 
concentrations by 15 p.p.m.v. (see Fig. 1 legend). In 1982 an 
intercalibration study with the Grenoble laboratory’ was per- 
formed using the small crusher with the older measuring pro- 
cedure. Based on our new results, the agreement of the inter- 
calibration must be viewed as a discrepancy, which we will try 
to resolve in the near future with a new intercalibration sertes. 

Figure 1 shows the mean CO; concentration of the 12 depth 
intervals, measured on the Siple core, plotted against the mean 
gas age To extend our data series further back in time, a few 
samples from the South Pole were also measured (and cross- 
checked with the large extraction system). These values are listed 
in Table 1. 

Five depth intervals between 82 and 130 m.b.s. of the Siple 
core were measured with a high spatial resolution. Figure 2a-e 
shows the individual data series together with the 8!*O results. 
A seasonal structure could not be identified, indicating that the 
CO, concentration in the bubbles of the Siple core is 
homogeneously distributed and is independent of the seasonality 
of the surrounding ice. 

Based on earlier studies of ice samples from locations in 
Greenland, we expected to measure enhanced CO, concentra- 
tion in the extracted gas, especially in summer layers?? from 
locations with a mean annual air temperature above —25 °C. 
For comparable mean gas ages, the CO, concentration measured 


on samples from the South Pole (—50°C) and Siple Station 
(—24?C) do not differ within the error limit. Therefore, we 
conclude that the CO, level in the bubbles of the Siple core is 
not influenced by a temperature effect. This is further supported 
by the lack of seasonal variations in the five data series measured 
with high spatial resolution. 

Between 68 and 69 m.b.s., the porosity measurements showed 
two layers with bubble volumes above 80 ст? kgr, which corre- 
spond to complete enclosure. This is clearly above the 
40 cm? Ка! expected from a smooth homogeneous enclosure 
process. These impermeable layers have a sealing effect if they 
are 1mbedded in firn with reduced permeability'?. Because of 
the layers between 68 and 69 m.b.s., the air below is already 
completely isolated, about 7 m above the depth obtained, assum- 
ing a homogeneous enclosure. Consequently, for this core, the 
difference between ice and mean gas age is only 80-85 yr instead 
of 95 yr as estimated previously*. 

The enclosure of air occurs in winter layers at shallower depth 
than in summer layers, which could lead to a seasonal modula- 
tion of the CO; concentration in the bubbles during a period 
of changing atmospheric CO, concentration in case of a smooth 
and homogeneous enclosure process. The abovementioned lack 
of a seasonal variation in the series from 82 m.b.s. therefore 
further supports the sealing effect of such layers. 

Ifthe 328 p.p.m. measured at a depth of 68.5 m.b.s. is matched 
with the atmospheric South Pole record!!, the mean gas age is 
10 yr, corresponding to a difference between mean gas age and 
ice age of 82 yr, which lies in the above estimated range. This 
difference is used in calculating the mean gas age for all depths. 
That the CO; concentration measured on the subsequent 
samples from 72.5 and 76.5 m.b.s. corresponds with the atmos- 
pheric South Pole record justifies this age determination and 
1ndicates, also, that impermeable layers at a depth of —68 m.b.s. 
occur frequently. 

There remains the question of the duration of the gas- 
enclosure time in such an impermeable layer. Assuming, as a 
first approximation, a constant and continuous enclosure rate 
ending at the time of core drilling (1; = AD1983), the beginning 
(t,) can be calculated from the expression (4; — fj) Сьљые; = 

2 Cam(t) dt, where  Cym(t) = at b(t - 1958) + c(t — 1958)? 
(with гіп yr AD). The atmospheric concentration, Cam, is taken 
from a quadratic fit of the measured CO, data in the atmosphere. 
The time f, so determined is 1963, so that the duration of 
the close-off is 20 yr, in good agreement with the estimate of 
Schwander and Stauffer“. 
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Fig. 2 a-e, Detailed CO, record 
from five depth intervals together 
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We would have more difficulties explaining values lower by 
15 p.p.m.v., as obtained, for example by the open-valve method. 
This would require a 20-40-yr-older mean gas age in the bubbles, 
depending on the development of the atmospheric CO, con- 
centration. А very much prolonged close-off interval, а possi- 
bility which we exclude*, or an incomplete mixing of air 
in the firn would be required. Also, the atmospheric CO, con- 
centration would have to be increased between 1930 and 
1960 by ~1p.p.m.v. yr !, a similar rate to that of the past 
20 yr. 

Based on these results, we conclude that the atmospheric CO; 
concentration around 1750 was 280 +5 p.p.m.v. and has 
increased since, essentially because of human factors, by 22.596 
to 345 p.p.m.v. in 1984. Back extrapolation of the Mauna Loa 
curve, on the basis of the fossil fuel input data obtained by 
Rotty and assuming zero CO; input from biomass burning, 
suggests a preindustrial level of 297 p.p.m.v. (ref. 2). The differ- 
ence of 17 p.p.m.v. between this calculated value and that 
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measured indicates a significant contribution from biomass 
burning, even during the past century when the contribution 
from fossil fuel consumption was still small. The CO, increase 
in the Siple core will be studied in more detail using 54°C 
measurements. Preliminary 5'°C results on an ice core from the 
South Pole are indeed very promising. The CO,/air C/C 
record on the Siple ice core and the '^C/'^C Suess effect from 
tree rings, together with the fossil fuel input-time history, will 
then enable us to separate the CO; inputs from those attributable 
to fossil fuels and biomass. It will also allow us to determine 
the effective airborne fraction for the combined input and to 
check the validity of the present carbon-cycle models 
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Recent interest in world climate and interaction of the ocean and 
atmosphere have led to studies of the meridional fluxes of fresh 
water and heat in the ocean’. Several such studies^* have noted 
the asymmetry of heat fluxes between the North and South Atlantic 
oceans. In particular, the fluxes across both 24? N and 24°S 
appear to be northward. Crucial to all of the direct calculation 
techniques is an accurate estimate of the transport of the western 
boundary currents. In the North Atlantic, useful measurements in 
the Florida Current? over a long period of time are available. For 
the much less studied South Atlantic no comparable time 
series has been made. The direct measurements of Brazil Current 
velocities near 23? S reported here show southward flow of warm 
water above 400 m depth and northward flow of Antarctic Inter- 
mediate Water below that. The upper layer transport was 
~6 X 105 m? s^! towards the south offshore of the 200-m isobath, 
with an indication of comparable flow on the shelf. 

The Brazil Current is the South Atlantıc analogue of the Gulf 
Stream. For the present purposes, it is defined as the southward- 
directed western boundary current, extending downward from 


the surface, closing the circulation of the subtropical, wind- _ 


driven circulation in the South Atlantic. From a consideration 
of the wind-driven anticyclonic gyres, the two should be quite 
similar. As Stommel® points out, "therefore ... the wind-driven 
component of the circulation is much the same in the two 
hemispheres, but ...in the western boundary currents the ther- 
mohaline circulation plays quite different roles in the Gulf 
Stream and Brazil Current, making the former appear much 
more strongly on the charts of the topography of surfaces, equal 
pressure, or density”. Indeed, the limited historical hydro- 
graphical observations indicate that the total transport of the 
Brazil Current may be no larger than 9.4x105 m?s^! in the 
upper 600m (refs 7, 8). However, as Stommel remarks, the 
wind-driven component should be as large as 30-40 x 10° m? s^! 
to balance the equatorward transport in the gyre. Recent абе 
tions based on balancing the meridional transport due to the 
wind stress curl?'° indicate that up to 30 x 10$ m? s^! should 
flow in the Brazil Current néar 30? S and ~20 x 10° m? s^! should 
flow at 25° S. 
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There are longstanding beliefs that western boundary cur- 
rents provide an essential means for meridional transport and 
that the Brazil Current region may be the major conduit for the 
exchange of at least four major water masses between the hemi- 
spheres’. In contrast, inverse calculations indicate that the 
Brazil Current may be important only south of 25? S. In fact, ' 
these calculations indicate little southern transport along the 
boundary north of 30? S (ref. 4). Previous work has relied on 
water mass boundaries or more arbitrary fixed depths to deter- 
mine levels of no motion for calculation of geostrophic 
transport. There have been no systematic investigations of the 
Brazil Current including direct velocity or transport measure- 
ments. i 

The choice of reference level for geostrophic calculations 
leads to an ambiguity in even the direction of flow of some of 
the water masses along the boundary. Traditionally, water mass 
analysis suggested a layered current system with warm tropical 
water flowing southward over northward Antarctic Intermediate 
Water which is in turn above the southward-flowing North 
Atlantic Deep Water'?. More recent interpretation of the data 
has led some investigators to argue that the wind-driven gyre 
penetrates deep enough to carry Intermediate Water to the south 
after circulating around the Баѕіп“!?. Resolution of the issues 
of transport of the Brazil Current and its vertical structure, that 
is, direction of flow of the various water masses, motivated the 
present study. The results presented below indicate that the 
*Brazil Current' should be reserved for the flow shallower than 
7400 m at this latitude. 

A cruise aboard the Prof. Besnard of the Institute of 
Oceanography at the University of Sao Paulo during April 1982 
allowed a detailed expendable bathythermograph (XBT) survey 
and hydrographic study between 19? S and 24? S tobe performed. 
Essentially, the Brazil Current was found to be closely. confined 
to the region near the continental slope. It flowed continuously 
past the seamount chain at 20°30' S through the most inshore 
passage and onto the continental shelf. Geostrophic transports 
were «10 x 105 m? s^, using either 500 m or 1,000 m as a refer- 
ence level'*; they were 3.8x10°m?s™ and 6.8X10° m? s! 
respectively. 

The first direct velocity measurements of the Brazil Current 
were made in April 1983 aboard RV Oceanus. The XBT survey 
from 19° S to 24° S was repeated in greater detail and extended 
further offshore than in April 1982. The Pegasus velocity pro- 
filer? was deployed at two passages in the seamount chain at 
20°30’ S and along five sites across the Brazil Current near Cabo 
Frio between 23°S and 24°S to obtain vertical profiles of 
horizontal velocity with an estimated accuracy of +2 cms !. 
Figure 1 shows the survey area and location of XBT lines and 
Pegasus sites. Also shown is the depth of the 15°C isotherm, 
the gradient of which is indicative of the strength of the baro- 
clinic component of the flow. 


20°5 ; 
Fig. 1 Survey area for April 1983 
cruise showing depth of the 15°C 
isotherm and locations of Pegasus 
stations. Also shown are mean vel- 
ocity vectors at depths characteristic 
of surface, intermediate and deep 
waters 
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Fig. 2 Vector-averaged profiles of speed and direction at each 

Pegasus site. Directions are measured as degrees true towards 

which the current flows (Note the difference in pressure and speed 
scales among the frames Depths are in decibars.) 


Offshore from the 2,000-m isobath and near the Abrolhos 
Banks, the temperature gradient field is poorly organized and 
there is no clear indication of baroclinic flow. Based on the 
temperature gradients alone, the Brazil Current seems to be 
flowing through the banks with weaker intensity than along the 
200-m isobath near Cabo Frio, where it is confined to flow in 
a narrow stream along the shelf-break. This pattern is essentially 
the same as found 1n April 1982 except that there is a suggestion 
of flow to the east of the banks at 20°30’ S. Earlier work^*!^ has 
shown that a close relationship between temperature (T) and 
salinity (S) in this region permits inference of geostrophic flow 
from the temperature field to within an accuracy of +10%. 

Each of the Pegasus sites TC2-TC6 was visited three times 
during a period of 10 days. Only two measurements were made 
at TC1 and one at TC7. Although the profiles over the course 
of the cruise showed small variability, they represent only one 
snapshot of a field which is likely to have large variability at 
longer timescales. We may hope that, like the Gulf Stream, the 
vertical structure is relatively stable. Figure 2 displays the vector- 
averaged profiles of speed and direction for the section near 
Cabo Frio'*. The east and north components of velocity were 
interpolated to common depths at approximately the original] 
resolution using cubic splines. Vector averages of the three drop 
at each site were then computed. Figure 3 exhibits all three 
profiles from site TCS to illustrate the relatively small variability 
among the drops. : 

Site TC2 was selected, based on the isotherm pattern from 
the XBT survey, to be offshore of the Brazil Current. The surface 
flow is <20 cm s^! and is directed to the west (or north-west) 
down to 1,000 m. Between 1,000 and 1,200 m the velocity vector 
is small («3 cm s^!) and rotates through 360° with depth. Such 
flow may be characteristic of the subtropical gyre circulation to 
the east of the boundary current. However, an XBT line along 
36? W failed to indicate significant zonal flow and the surface 
flow does not indicate an eastern source (Fig. 1). From 1,400 m 
to the bottom, the flow is directed almost due south. Deep 
southward flow in the absence of a similar surface current is 





LETTERSTO NATURE 2 








-50 -40 -30 -20 -i0 © 10 20 зо 
U velocity 





Pressure 











1. dap uL ЖАК НЫ ВЕ БЫ 
-35 -25 -5  -5 5 15 25 35 
V velocity 


Fig. 3 East and north components of three drops at site ТС5. 
Data were collected over 1 week 


not taken to be indicative of the Brazil Current, but is likely to 
be part of the deep thermohaline mode. At TC3, the next station 
inshore, all speeds are «20 cm s^. Surface layer flow is directed 
to the north-west down to a depth of 500 m. Below 600 m, speeds 
are quite weak and directions are consequently not well deter- 
mined. TC4 is the first station definitely in the Brazil Current. 
In the layer from the surface to 400 m, the current is directed 
towards the south-west at speeds up to 20 cm s^. Below 500 m, 
the water moves northeastward at speeds near 10 cm s^!. TCS 
again shows the dramatic change in direction near 400 m depth. 
The upper layer (traditional Brazil Current water) moves to the 
south-west at speeds up to 35 cm s^'. Below 400 m, the flow 15 
directed towards the north-east, also at speeds of up to 35 cm s". 
(The salinity minimum, indicative of Intermediate Water, is 
found near 800 m at this location.) TC6 is from the station made 
on the shelf in 200 m water depth. This station represents the 
*pure' Brazil Current. All flow is directed towards the south-west 
with speeds decreasing from 50 cm $57! at the surface to 35 cm s^! 
near the bottom. Ship drift records and navigational charts (from 
the US Navy Hydrographic Office) indicate that this flow may 
extend over the entire shelf at comparable speeds. 

Data from sites TC1 and TC7 near the seamounts are more 
difficult to interpret because of the possible influence of the 
bottom topography. However, both sites show southward sur- 
face flow, northward flow of Intermediate Water and southward 
flow of Deep Water. Note that these data are based on a single 
profile, not the average of three like those at TC2-TC6. TC1 
was revisited at the end of the cruise and speeds were smaller 
and somewhat rotated from those 1n Fig. 1. (Surface flow was 
more westerly and 800m flow more northerly.) The general 
sense of the flow of the water masses was, however, the same. 
All of these profiles support Wüst's mass analysis indicating 
flow away from known sources, in contrast to the more recent! ^? 
view for the Intermediate Water. Note, however, that these 
measurements do not preclude the possibility that Intermediate 
Water is transported towards the west, south of 24? S and then 
turns equatorward. The significance of the direct measurements 
for dynamic computations is striking. For example, a choice of 
900 m as a reference level at TC5 would yield southward surface 
speeds of 70 cm s^! (twice the observed) and the wrong direction 
for the Intermediate Water. Thus charts of dynamic topography 
relative to 1,000 m may be inappropriate for the study of the 
Brazil Current at 24? S and attention should be paid to the 
distinct water mass characteristics. 
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Using these observations to estimate the transport of the Brazil 
Current down to 400 m yields ~6 x 10 m? s^! towards the south 
offshore of the 200-m isobath. If TC6 1s representative of the 
flow on the shelf, another 5 x 10° т? $! may flow inshore of the 
200-m isobath. Indeed, using the historical T-S relation for the 
area, geostrophic transport computed from temperatures 
measured by Pegasus is ~5.5 х10° m? s^! relative to 400 m. 
While the total transport (11x105 т? s^!) may not then be 
significantly different from earlier estimates, its vertical distribu- 
tion is quite dissimilar in being confined to the upper 400 m. 
Estimates of the poleward heat flux will also differ due to the 
higher mean temperature of the water moving towards the pole— 
an effect which is enhanced by the strong equatorward flow of 
cooler Antarctic Intermediate Water 
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The Somali Current undergoes vigorous variations during the 
course of the south-west monsoon. Although the initial phases of 
this response were fairly intensively studied during the FGGE 
Indian Ocean Experiment (INDEX) in 197912, relatively little Is 
known about what happens in the late summer monsoon and the 
transition to the winter monsoon. In October 1984, we carried out 
measurements in the Somali Current regime with a shipboard 
acoustic Doppler current profiler which showed that a continuous 
Somali Current did not exist at this time: instead, the cross- 
equatorial flow with a transport of 12x 105 m? s^' in the upper 
100 m identified by relatively low surface salinities, was found to 
turn offshore south of 2? N. Between 6 and 11? N, a large closed 
anticyclonic gyre, marked by relatively high surface salinities, was 
found with a transport of 32 x 10° m? s^! in the upper 250 m, which 
is significantly greater than previously estimated from geostrophic 
calculations. 

In the initial response to the onset of the south-west monsoon, 
from early May to early June, the Somali Current develops as 
a shallow cross-equatorial current, turning offshore at about 
3°N with a cold upwelling wedge at the turnoff latitude, after 
the onset of the strong wind stress curl off Somalia in mid-June, 
a second gyre ıs generated between 5 and 10° N with a second 
cold wedge at the coast on its northern end Satellite sea-surface 
temperature and ship measurements indicate that at some time 
between late July and September the southern cold wedge starts 
to propagate northward and the two-gyre pattern seems to 
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collapse? Ship measurements in different years showed that 
the water behind the northward-travelling southern cold wedge 
was low-saline water originating south of the Equator, replacing 
the higher-saline water found between 5 and 10? N in May to 
July^^5, The result of this development is that in the late summer 
monsoon, the Somali Current is a continuous boundary current 
from south of the Equator to the Horn of Africa. It is not known 
1n any detail what happens in the transition period between the 
decay of the south-west monsoon in late August and the onset 
of the winter monsoon in early November 

Nothing 1s known about the cross-equatorial flow at this time, 
partly because geostrophy cannot be applied close to the Equator 
to calculate transports from hydrographical data For the 
northern Somali Current region, expendable bathythermograph 
(XBT) measurements (for example, refs 6, 7) suggest that a 
northern gyre continues in that period, but its water origin, 
current structure, transports and any relation of this gyre to the 
current further south are not really known. 

During part of this transition period, from 17 to 22 October 
1984, we performed measurements in the Somali Current system 
on board the French RV Marion Dufresne with a shipboard 
acoustic Doppler current profiler, XBTs and continuous surface- 
temperature and salinity recordings (Fig 1). 

The cross-equatorial flow in the Somali Current in October 
1984, as the surface-current vectors (Fig. 1a) and the surface 
salinities of 35 0-35 2% (Fig. 15) indicate, does not continue 
northward but turns offshore south of about 2°N Its origin is 
the South Equatorial Current, the biggest branch of which forms 
a northward-flowing boundary current east of Madagascar, 
which then continues westward around the northern tip of 
Madagascar across to Africa, where it is called the East African 
Coast Current Through admixtures of the low-saline coastal 
waters from East African rivers, the surface salinity is slightly 
reduced relative to that of the inflowing South Equatorial 
Current 

The northward current component through the equatorial 
section (Fig 2b) has a subsurface maximum of more than 
150 cm s^! near the coast at about 40 m depth and still velocities 
of more than 50 cm s^! at 200 т depth The northward transport 
through that section in the upper 100 m is 12.3 x 105 m? s^, 
which is almost exactly matched by the transport turning 
offshore in the top 100 m between 2° N and the Equator, for 
which we found 12.6 X 10$ т? 5! from the acoustic velocity- 
profile measurements The cross-equatonal transport in the 
upper 100m is comparable to the transports determined by 
Leetmaa et al! during five repetitions of a transport section 
normal to the coast at 1°S in the pertod May-June 1979, for 
which they obtained a mean transport of 14.0 х 10° m? s^, Even 
the northward flow in the depth range 100-300 m for which we 
obtained 8 4х 10° m^ s^! (the quality of the acoustic current- 
profile data deteriorates below ~250 m) is comparable in magni- 
tude to that of the 1979 early-summer measurements which 
showed a mean of 6.0x105 m? s^' (ref. 1). In summary, the 
cross-equatorial transport of the Somali Current in late autumn 
is very similar to that during the onset of the south-west 
monsoon. The local winds off Kenya/Somalia are quite different 
during May/June and October (Fig. 1c), whereas the trade winds 
over the subtropical south Indian Ocean are quite similar in 
these two phases, which suggests that the cross-equatorial flow 
in the early phase of the south-west monsoon is driven primarily 
by remote forcing through the inflow from the South Equatorial 
Current, not by the local monsoon winds off East Africa. 

North of 6° №, the ship-drift vectors (Fig 1a) indicate a large 
anticyclonic gyre, which had surface salimties of 35.6-35.8 parts 
per thousand (p.p.t ) (Fig. 15), that 15, significantly higher than 
in the cross-equatorial current. Similar salinity differences 
between cross-equatorial flow and the northern regime along 
that longitude were found in earlier autumn cruises with the 
Manon Dufresne”. The current in the northern branch of this 
gyre was surface intensified (Fig. 2a) despite the lack of strong 
local winds during that time (Fig. 1c). Transport of this gyre in 
the upper 250 m was 33.5 X 10° m? s^! westward between 6° and 
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Fig. 1 Measurements 
along the track of RV 
Manon Dufresne during 
18-22 October 1984 The 
Doppler profiler 1s an 
Ametek-Straze Model 
DCP 4400 operating at 
115 kHz. Good data were 
obtained down to about 
250m depth or more at 
quiet to moderate sea 
state. Data storage at sea 
was in averages of 10 pro- 
files at a time interval of 
32 s for the averages. Sub- 
sequently, for the purpose 
of transport calculation, 
data were averaged to 15- 
min profiles, that is, over 
280 individual profiles. In 
earlier comparisons in the 
Florida Current with other 
direct current measure- 
ments, we had determined 
that for sample sizes of 
this — magnitude the 
accuracy of the acousti- 
cally measured horizontal 
currents, relative to the 
ship, was a few cen- 
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timetres per second. The ship’s motion was determined using satellite positioning. a, Drift vectors (P1-P3, locations of profiles shown in Fig. 
2a) determined from the ship’s satellite navigation system and the two-component electromagnetic speed log. However, satellite passes occur 
irregularly and gaps of several hours between fixes actually occurred in that region. Although this is unsatisfactory for calibration of individual 
profiles, it may be sufficient for the total transport through some section, say the equatorial section of the ship track, because for that calculation 
only the positions at both ends of the section need to be known. This means that the longer the section, the less the importance of position 
inaccuracies. b, Surface salinities and depth of 20°C 1sotherm north of 5? N. c, Wind vectors, also indicating midnight ship positions (A, 00Z 
positions). Inset (lower right) shows area of observations off north-east Africa. 
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Fig. 2 а, Profiles of north component of current at point P1 

(0°02'N, 43° 19’E) in cross-equatorial flow and of east components 

at points P2 (10° 40' N, 52°04’ E) and P3 (6?43'N, 51°30’E) in the 

northern gyre (Fig. 1a). b, Section of the northward current com- 

ponent along the Equator (for location, see Fig 1a) for 21 October 
1984 (start 00:57-05; stop 08:45:40) 


8.5? N as determined from the acoustic Doppler current profiles, 
and 31.6 x 10 m? s^! eastward between 8.5? and 11.5? N. This is 
a closed mass budget within a few per cent. This is surprising 
because it has to be kept in mind that these transport numbers 
can be significantly affected by a small misalignment of the 
horizontal axis of the acoustic transducer. We corrected for the 
misalignment by comparing the vectors from satellite and radar 
navigation with those from acoustic bottom tracking near the 
coast, but an error of several 10° m? s^! is still possible when 
integrating over long track segments as done here. It appears 
though, from the good balance both in the northern gyre and 
the cross-equatorial flow, that the compensation was effective. 
Earlier geostrophic transport calculations’ obtained 22x 
105 m? 5! in the 0-400-m layer for an XBT section in October, 
from which densities and geostrophic currents were derived 
using a mean temperature/salinity relation. When applying the 
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same method’ to our XBT data, we obtain 17 x 10° m? s^!, both 
significantly lower than our direct measurements for just the 
upper 250 m. One reason for the difference is that the current 
at the assumed reference level of 400 m is not zero; another 
reason is that there is significant deviation from plain geostrophy 
through the curvature term. 

Current profiles in the eastward- and westward-flowing 
branches of the northern gyre (Fig. 2a) show that the northern 
Byre is not symmetrical, which is also obvious from the ship 
drifts (Fig. 1а) and the depths of the 20 °C isotherms (Fig. 15). 
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This asymmetry, which is typical and also is visible in earlier 
XBT sections through the northern gyre®’, can be explained by 
the strong nonlinearity of that circulation system, which causes 
a shift of high currents into the northwestern corner (for 
example, ref. 9.) 

As mentioned earlier, the Somali Current seems usually to 
go through a phase (ín August-September after the collapse of 
the two-gyre system where the Somali Current is a continuous 
boundary current) of carrying low-saline water from south of 
the Equator to —10? N?^?. If this situation also occurred in 
1984, we conclude from our observations that the current of 
low-saline water must retract again in late September-mid- 
October. Where, then, 1s all the low-saline water which was 
found all the way up to Ras Hafun in —200-m-thick layer 
between the coast and —300 km offshore in late August in these 
earlier studies? The transport of this water was estimated at 
13x106 m?s^' by Schott'?, about equivalent to the cross- 
equatorial transport found in the early south-west monsoon 
phase by Leetmaa et al. Another possibility is that in 1984 the 
two-gyre pattern did not collapse during August/September but 
remained intact from June to October. It is not known whether 
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this can actually happen, but the possibility will be investigated 
using satellite surface-temperature data. 

It 1s interesting that only very small currents were observed 
between Socotra and Cap Guardafui (Fig. 1a). This is at vari- 
ance with recent numerical model results of Luther and 
O'Brien" and G. Philander (personal communication), who, 
although using quite different models, both show the northern 
gyre to propagate further northward and to circulate around 
Socotra 1n mid-October, that is, with its full transport through 
the passage between Socotra and the mainland. 

A technical conclusion from this first application of the 
Ametek Doppler profiler in the Indian Ocean is that the system 
has provided very useful data of the near-surface circulation, 
which could not be easily obtained by any other means. 

We thank the Terres Australes et Antarctiques Francaises 
(TAAF) for having made this cruise possible and the captain 
and crew of RV Marion Dufresne for their enthusiasm and help 
with the shipboard work. We also thank P. Bedard, 
A Kartavtseff, B. Olivier and G. Samuels for help in acquisition 
and processing of the data. This study was supported by the 
Office of Naval Research under contract N-00014-80C-0042. 
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À fundamental constraint on the evolution of the Earth is the time 
of the first occurrence of continental crust. The recent publication! 
of ages of 4,200—4,100 Myr for zircons from Australia is therefore 
of considerable importance. This dating was achieved by single- 
grain analysis on the SHRIMP ion microprobe at the Australian 
National University. To substantiate the existence of these old 
zircons by an alternative method, we studied the same zircon 
population by conventional solid-source mass spectrometry and 
isotope dilution analysis of single grains and individual fragments 
of single grains. Our results confirm neither the 4,200—4,100-Myr 
ages nor the particular discordancy patterns obtained on the ion 
probe. The age pattern we obtained can be explained by zircon 
crystallization 3,800—3,300 Myr ago. Probable primary ages of 
—3,750—3,600 Myr coincide with model Sm/Nd ages for the adja- 
cent gneisses?, the possible source rocks of the Mt Narryer quart- 
zite, and the younger ages are interpreted as those of zircon 
overgrowth compatible with a Rb/Sr age for the regional metamor- 
phic overprint". 

In their ion-probe study, Froude et al! detected, among the 
20 precisely analysed grains, 4 grains with apparent minimum 
ages older than 4,000 Myr, whereas the others yielded minimum 
ages between about 3,100 and 3,750 Myr. However, the data for 
the latter have not yet been published, which precludes a direct 
comparison with the results presented here. We have analysed 
27 single zircon grains and 12 individual fragments of another 
5 single grains. Comments on the isotope dilution technique are 
given in the footnotes to Table 1, which lists the U/Pb analytical 
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Fig. 1 Geological sketch map (slightly simplified, after ref. 1) 
with sample locality and previous model Sm/Nd and Rb/Sr ages? 
for gneisses adjacent to the quartzite. 


data in order of decreasing U/Pb ages Such high-resolution 
analyses have been shown to be very useful for deciphering 
complex zircon populations in igneous and metamorphic rocks 
(for example, refs 3, 4) and elucidating the age spectrum (prov- 
enance ages) of detrital zircons^$. The analysis of fragments of 
single grains enables us to determine intra-grain ages’. Figure 
1 shows the location of the sample and indicates previous model 
Sm/Nd ages? from the adjacent gneisses as well as a Rb/Sr 
age?, interpreted as dating high-grade metamorphism in the 
gneisses. 
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Table 1 U/Pb analytical results of single zircon grains and single fragments, Mt Narryer metaquartzite, Western Australia 


Radiogenic Pb Atomic rntios Apparent ages (Myr) 
Grain U Рыа РЫ “рур (аюпис%) wp 207 рыр Pbpb) ойр 
No Type (рто)* (pmol) (pmol) (measured) Pb "рь WP 29у у — "pp эң o Ty o "pp 
І А 9108 8612 0275 929 7077 230 618 06740 3027 03257 3321 3,495 3,597 
2 А 1215 1092 —4 3,370 7127 2244 6289 06450 2801 03150 — 3209 3419 3,546 
3 A 6818 5848 — 1,400 6822 2196 982 05888 2614 03220 2984 3,352 3,579 
4 B 99900 825 0203 1,134 7355 2205 440 06156 2542 02995 3,092 3,324 1468 
5 B 11.57 9 686 — 2,542 7446 2142 412 06279 2488 02874 3141 3304 3,404 
6 B 3634 3029 — 912 7125 2084 791 0598 2413 02925 3023 324 3,431 
7 c 8171 7093 — 1,761 6913 1993 1094 06044 2407 02888 3,048 3271 3,411 
8 c 6390 5134 — 2,762 7410 2128 462 05985 2370 02872 3024 3256 3,403 
9 A 15020 1098 0212 1,466 7546 26 — 285 0557 2202 02874 2,840 3,185 3404 
10 B 1365 1065 0555 701 7485 2028 487 05884 2197 02708 2983 3,182 3311 
и А 137 1069 0401 887 7372 2059 569 05522 2126 02792 2834 3151 3,358 
12 c 2096 1585 = 493 7516 1968 516 05716 2071 02628 2,914 3,125 3,265 
13 с 1328 870 0102 1,784 7495 2115 390 04946 1925 02823 2,591 3,054 3,376 
14 А 2151 1556 — 0314 170 7457 1905 638 05439 1912 02550 2800 3,048 3,217 
15 B 310 2177 0135 395 7587 1943 470 05343 1886 02560 2,760 3035 3222 
16 А 484 3470 — 993 7333 1786 881 05289 1776 0.2435 2737 2977 304 
17 A 862 5702 0102 1278 7663 19277 40 05092 1766 02515 2653 297 3195 
18 A 8289 561 ою 1152 7283 1886 831 04998 1786 025922 2613 2,982 3,242 
19 D 3115 1952 0 700 1,061 7684 1987 329 04822 1719 02586 2,537 2945 3,238 
20 A 6306 3942 — 1158 7644 1959 397 0489 1702 02556 2,540 2936 3,220 
1 р 3324 1977 1419 600 7798 1738 464 04671 1435 02228 2471 2,773 3,001 
22 D 1541 9183 1009 358 7287 163 1080 04372 1349 02238 2,338 2715 3,008 
23 A 250 1319 2167 265 7506 1610 884 0436 1277 02146 2313 2,663 294 
24 A 2167 1283 2794 192 6999 1526 1475 04176 1256 02181 2,250 2,647 2967 
25 D 5638 2988 3770 352 7541 1647 812 — 0403 121] 02183 2,180 2613 2,968 
26 D 24336 1172 1052 463 71.32 1634 634 03747 109 0214 2,051 2,516 25917 
27 C 5119 2277 0989 992 8200 1572 228 03675 971 01916 2,018 2408 2,756 

Single fragment analyses 

8 А I 1248 114 0135 210 7126 2161 — 713 065820 2749 0309 3260 3401 3485 
Пп 4665 427 017 627 7223 2191 586 06550 2741 03035 3248 3,398 3488 

m 327 293 0738 157 7168 2149 683 0642 2659 02994 3206 3,368 3467 

3 рі 4197 3150 0125 581 7171 2071 758 05426 2160 02887 2,794 3,166 3412 
n 162 1173 0232 154 7339 2053 608 05358 205з 02779 2766 3117 3,351 

Ш i571 1039 0347 1,007 7567 2045 388 05034 1876 02705 2,628 3,030 3,308 
39 C I 2744 547 1255 182 7276 2046 678 05368 2084 00816 2,70 3131 3,372 
Пп 984 610 0174 915 7275 2071 653 04606 1808 02847 2442 2994 3,389 
31 A I 8701 5744 0251 676 7407 1949 64 04924 1787 02632 2,581 2983 3,267 
Ш 176 475 0280 512 7304 1879 817 0464 1642 02575 2450 290 3232 
2 в I BB 73432 1684 188 7368 1439 1193 04105 1104 01951 2217 2527 2,786 
Ш 5527 2655 3118 395 7057 1480 564 03848 9869 01860 2,099 2423 21707 





‘Types А, B, С, D correspond to the shape characteristics given in Fig 2b The constants used аге 1 55125 х10—!9 yr^! for A 2280 (ref 15), 9 8485 x107" yr“ for 
А P'U (ref 15) and 137 88 for ?*U/?9U (ref 16) Zircons were dissolved m Teflon bombs"? m 50% HF during ~100h at 220°C Element separation and purification 
were performed as described earlier" The isotope ratios and amounts were determined by isotope dilution analyses in a Thomson THN 206 mass spectrometer using 
а P5pp/250 mixed tracer. Both elements were loaded with HPO, and silica gel on Re single filaments The isotope composition of blank Pb was determined to be 
17 840 10 (2c error) for ?5pb/??!pp, 15 53:0 08 for" pb/? pb and 37 41 +0 21 for "*Pb/?"pb The total Pb blank was 30+ 15x10 "^g (5-10х 107'2 g from the 
chemical procedure and 10-35 х107'2 g extracted from the Teflon bombs) The total blank for U was <10x 107"? р with an average of ~5 x10. ^g The maximum errors 
on the isotope ratios are 0 5% for ?9pp/?**U and *’Pb/*Pb and 07% for "Pb/?5U These errors take into account (1) the precision of the mass spectrometric 
measurements, (2) the uncertainties in the isotope composition and amount of blank Pb, (3) the correction for 20511 irterference, (4) the uncertainty of mass-discnmination 
corrections and (5) the accuracy of tracer calibration 

* Absolute amount of О in the sample, corrected for 5x 107"? g U blank 

f Absolute amount of radiogenic Pb in the sample, corrected for 30x 107"? g blank Pb and, where detectable, corrected also for incorporated common Pb (Pb,) with 
the following isotope composition 1183 for Pb/?? Pb, 13 87 Гог 27рЬ/22*РЬ and 31 67 for ""Pb/?"Pb This isotope composition corresponds to a 3,630 Myr BP Pb 
that evolved from 4,550 Myr ap with а 23807/204рь of 9 3, a 7? Th/7? Pb of 39 1 and a primordial isotope composition identical to the Canyon Diablo meteonte'", further 
comments on Pb, in zircon are given in the text 


ў Absolute amount of Pb, in the sample 


§ No incorporated Pb, detectable in the sample (total amount of Pb, m the analyses was «45x10 


Figure 2a is a summary Concordia diagram? of single-grain 
and fragment analyses together with the ion-probe data for the 
apparently 4,100-4,200-Myr BP grains and Fig. 2b shows a more 
detailed Concordia diagram with a broad grouping of the differ- 
ent zircon types and a distinction between single-grain and 
individual fragment data Additionally, Fig. 26 indicates the 
upper intercept ages of the regression lines through distinct 
fragments of single grains (intra-grain ages). 

All zircons analysed grain-by-grain were chosen by their habit, 
colour, degree of transparency, size and particular features such 
as pronounced core-rim zoning. Those from which the fragments 
were broken were selected to cover the whole range of different 
gram types Because Froude et аЇ! indicated that the apparently 
4,100-4,200-Myr zircons are distinguished by their peculiar 
angular form and the absence of inclusions, we first investigated 
perfectly euhedral grains with sharp edges, high transparency 
(to avoid inclusions) and uncorroded surfaces However, we 
mention that the grain illustrated for reference in a photomicro- 
graph in Froude et al! resembles more a simple piece of broken 
zircon than a particular angular type Nevertheless, we analysed 


B) 


in a first group of zircons (see Fig. 2b) the series of grains that 
most closely fulfilled the above conditions, followed by a second 
group (Fig. 2b) similar to the first but with much lower degrees 
of transparency. In a third group we investigated transparent 
and translucent grains with strongly rounded edges, some of 
which had significant surface corrosion features. As a last group 
with distinct grain type, a series of particularly milky translucent 
zircons was analysed, most of them exhibiting clearly visible 
zoning between the inner and outer parts of the crystal. This 
latter feature suggests that some of the zircons grow 1n two 
stages 

Despite the wide range of grain characteristics, all zircons 
yield similarly discordant age patterns (Fig 2a, b) with minimum 
ages ranging from 2,750 to 3,600 Myr (Table 1), plotting in a 
data field that intersects the Concordia curve along a sector 
from —3,400 to 3,700 Myr. This suggests that the primary ages 
of the zircons lie in this interval, but because none of the different 
groups of zircons defines a simple linear array, we cannot 
distinguish cogenetic zircon populations and, thus, no precise 
primary ages can be determined. 





Zircon 


Mt Narryer meta-quartzite 


W Australia 
{sample 71932) 


$ ton probe) 


°% AC 
06. 
е 
Зв Е Adjacent gnersses 


Sm-Nd, Rb-S 
This study {ref Pu ' 
{isotope dilution) 





Fig. 2 Concordia diagram of the U/Pb analytical results a, Sum- 
mary diagram of single-grain and fragment analyses compared 
with ion-probe data! for the apparently 4,100-4,200-Myr BP zir- 
cons; b, detailed diagram showing distinctions between different 
grain types and single-grain versus fragment analyses. Single zircon 
grains £7, Sharp-edged transparent grains; A, sharp-edged translu- 
cent grains; O, strongly edge-rounded transparent and translucent 
grains, *r, milky translucent grains with core-rim zoning; 6, single 
fragments (from grains 28-32) 


A few observations concerning the grain-by-grain analysis 
may be emphasized: the particularly milky translucent grains 
yield younger ages than most of the other grain types, plotting 
in the lowest segment of the discordancy field (Fig. 25). 
Moreover, these milky grains are, together with some other 
highly discordant grains, characterized by especially large 
amounts of incorporated common lead (Pb,, Table 1), contribut- 
ing «1596 of total lead in the crystal. This positive correlation 
between Pb, content and degree of discordancy supports an 
earlier conclusion! that loss of radiogenic lead may occur by 
exchange with Pb, from intergranular phases. The presence of 
such incorporated Pb,, also observed to a smaller extent in less 
discordant grains, requires a correction which necessarily affects 
the apparent ages of all Pb,-bearing grains. We performed this 
correction by assuming the incorporated Pb, to be on average 
73,630 Myr old, as suggested by the minimum ages of Pb,-free 
grains ranging up to —3,600 Myr, and supported by the model 
Sm/ Nd ages? for the adjacent gneisses, the possible source rocks 
of the quartzite. In the case of sediments, the isotope composi- 
tion of this incorporated common lead cannot be determined 
directly because of the lack of Pb-rich/U-deficient cogenetic 
minerals such as K-feldspar. Therefore, the above assumption 
is necessary. However, a correction with a significantly younger 
lead (for example, a 3,350- Myr-old Pb,) (probable age of meta- 
morphism in the quartzite) would only cause age differences 
lying within the maximum error of our analytical technique 
(Table 1, Fig. 26). A correction with a 4,100-Myr-old Pb would 
influence a few data by 2%, whereas most of the single-grain 
data would be changed by «196. This shows that variations in 
the isotope composition of incorporated Pb,, relative to the 
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3,300-4,100-Myr age range, modify the data only to a small 
extent; even a correction with present-day Pb, (for example, 
blank Pb,, Table 1) would not shift any of the data to ages older 
than 3,700 Myr. í 

Our results from the single-grain analyses confirm neither the 
existence of 4,100-4,200-Myr-old zircons in this sample nor the 
particular discordancy patterns observed on the ion probe’, The 
discordancy arrays of the ion-probe data all point to the origin 
of the Concordia curve (zero ages), suggesting recent Pb loss 
(or U gain) of these zircons (see Fig. 2a and ref. 1). Here, we 
do not show any evidence in favour of such recent perturbation 
of the U/Pb systems; the lower extrapolation of our discordancy 
field for all single-grain data intersects the Concordia curve 
along a sector from ~1,400 to 2,000 Myr, substantiating Pb to 
be ancient. Moreover, none of our grains yield a result that plots 
above the Concordia curve as reported for the ion-probe analy- 
ses for both apparently 4,100-Myr-old and significantly younger 
zircons (see Fig. 2a and ref. 1). 

Because of the discrepancy between the isotope dilution and 
the 10n-probe data, we extended our investigation to analyses 
of individual fragments of single grains, for two main purposes: 
(1) to assess whether distinct parts of grains preserved a record 
of zircon growth before 4,000 Myr BP and (2) to obtain intra- 
grain ages, which approximate primary zircon ages better than 
those of arrays of single, and not necessarily cogenetic, zircon 
grains. Hence, we broke up five zircons representative of the 
different grain types observed in the quartzite (Fig. 2b). 

A typical grain of the first group (grain 28), a sharp-edged 
transparent zircon, was broken into three fragments (I, II, III, 
Fig. 2b, Table 1), where I represents the middle part of this long 
prismatic grain and II and III the two prismatic ends. The 
regression line? through the fragments (calculated using the 
individual errors of the fragment analyses) intercepts the Con- 
Cordia curve at —3,591 Myr, which is in agreement with the 
model Sm/ Nd age for the possible source rocks of the quartzite. 
Three fragments of another grain (grain 29), a sharp-edged but 
translucent zircon (second group in Fig. 2b), define an intercept 
age of —3,764 Myr. As for grain 28, the central part of the long 
prismatic zircon (fragment I) is the oldest, suggesting that loss 
of radiogenic Pb is favoured in the pyramidal ends of the grain 
either because of crystallographic differences between middle 
and outer parts or simply because of the higher surface/volume 
ratio of the pyramidal ends. A third grain (grain 30), a par- 
ticularly milky translucent and core-rim-zoned zircon (fourth 
group in Fig. 25), has been analysed in two fragments (I and 
П) where I consisted mainly of rim material, whereas 11 was 
dominated by material from the core of the grain. The two 
fragments define a line with an intercept age of —3,348 Myr, 
which is identical to the probable age of high-grade metamorph- 
ism, in the adjacent gneisses?. To account for this age coin- 
cidence as well as the fact that grain 30 was core-rim zoned, it 
seems plausible that the intercept age dates zircon overgrowth 
(that is, new growth) during regional metamorphism, which is 
recognized clearly in the quartzite’. This interpretation seems 
to be supported by the discordancy trend for single grains of 
milky zoned zircons (Fig. 2b), which points to significantly 
younger ages than the arrays of most other zircons. A further 
zircon of the first group (grain 31), a transparent sharp-edged 
homogeneous grain, broken in two approximately equal frag- 
ments, yields an intercept age of —3,414 Myr, suggesting that 
some of the smaller grains represent entirely new-grown zircons 
during high-grade metamorphism. A final zircon, broken in two 
fragments (grain 32), was a peculiar green milky translucent 
grain yielding an intercept age of ~3,129 Myr. This age suggests 
the existence of a second younger metamorphic event in the 
quartzite. However, the line through the two fragments is too 
poorly defined to define the intercept age with any confidence 
and, moreover, no such event is known in the area. 

Thus, individual fragments from single grains representing 
the different crystal types in the quartzite also do not yield any 
evidence for zircons older than 3,800 Myr. Furthermore, the 
discordancy trends of the ~3,600-3,800-Myr BP fragments 
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Fig. 3 Summary Concordia diagram including the Australian Mt 

Narryer quartzite zircons analysed here and, for comparison, zir- 

cons from Western Greenland, specifically from the Isua supracrus- 

tals!^!?, the Amítsoq gneisses'*-'* and the Akilia association!?, 

All ages have been calculated using the new uranium decay con- 
stants'*, f, fractions, s, single grains 


(grains 28 and 29) are identical to those for the single zircon 
grains, again contrary to the discordancy patterns obtained on 
the ion probe’. The question remains as to whether the lack of 
4,100-4,200-Myr BP zircons found here is an artefact of grain 
selection, that is, that we have not chosen the correct crystals. 
This possibility cannot be completely eliminated. Furthermore, 
there is an independent argument to be considered. the single 
grains and individual fragments analysed here yield clearly 
discordant ages, proving that all zircons were open systems for 
Pb either during a distinct period or continuously. This contrasts 
strongly with the apparently concordant ages of the 4,100-4,200- 
Myr BP zircons identified by the ion-probe technique. Such 
closed-system behaviour of the 4,100-4,200 Myr BP zircons, 
which would necessarily have a higher degree of radioactive 
damage than the younger ones, 1s difficult to explain. Closed- 
system behaviour would be particularly surprising given that 
the quartzite from which the zircons have been extracted suffered 
high-grade metamorphism probably —3,400 Myr ago; in gen- 
eral, even low-grade metamorphism, for example, under lower 
greenschist facies conditions, produces significant Pb loss in 
detrital zircons (for example, ref. 11). 

In conclusion, we emphasize that the complete data set for 
single grains and fragments can be explained by zircon growth 
between 3,300 and 3,800 Myr вр. The upper intercept ages of 
both the overall discordancy field and two of the intra-grain 
arrays poirit to primary ages of the order of 3,600-3,800 Myr. 


Because the quartzite has been affected by high-grade meta- , 


morphism, probably ~3,400 Myr ago, these upper intercept ages 
may be slightly too young relative to the real crystallization ages 
of zircon, because of an early Pb loss during metamorphism. 
From this point of view, the possibility that parts of the Aus- 
tralian continent are older than 3,800 Myr cannot be excluded 
completely. However, the present study does not produce any 
evidence in support of this idea. On the other hand, the zircon 
ages reported here show the Australian continent to contain 
crustal rocks 3,600-3,800 Myr in age, analogous to those in 
Greenland. This similarity is illustrated in Fig. 3, which is a 
summary Concordia diagram including all reliable zircon ages 
from Western Greenland (Isua, Amitsoq and Akilia; refs 12-14) 
together with our data:from the Mt Narryer quartzite. The 
overlap between possible primary ages and discordancy arrays 
of the Australian and Greenland zircons is consistent with the 
hypothesis that both cratons in the present-day Northern and 
Southern Hemisphere developed from a continental nucleus 
that grew ~3,600-3,800 Myr ago. 

‘We thank Dr W. Compston for providing the zircons in which 
the 4,100-4,200-Myr-old grains were identified (sample GWSA 
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Halomethane from halide ion—a 
highly efficient fungal 
conversion of environmental significance 
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Globally, at least 5 Mt yr! of chloromethane (CH;CI) must origi- 
nate from natural sources, according to estimates based on environ- 
mental concentrations, man-made emissions of 26 kt yr! being 
insignificant in comparison. Although CH;CI is a natural prod- 
uct of several fungal species, no quantitative investigations of 
its biological production have been reported. We have measured 
CH;3CI production by a common wood-rotting fungus, and report 
that on glucose-based media, the chloride ion (Cl ) at concentra- 
tions <4 mM was methylated with >90% efficiency. The pattern 
of CH;CI biogenesis was typical of a secondary metabolite and 
paralleled loss of Cl from the medium. With cellulosic substrates, 
CH;3CI yields ranged between 80 and 95% at СІ concentrations 
as high as 25 mM, although production extended over a longer 
period. Bromo- and iodomethane were formed in high yield from 
the corresponding halide ions. Such high-efficiency methylation of 
the halide ion indicates that fungi could make a substantial contri- 
bution to the atmospheric CH,CI burden. 

Assessments of CH;Cl production were made during growth 
of Phellinus pomaceus (Pers.) syn. Fomes pomaceus (Forest 
Products Research Laboratory no. 33A), a white-rot fungus of 
worldwide distribution reported to synthesize CH3Cl (ref. 4). 
When the fungus was grown with glucose as the main carbon 
source, CH;Cl production was clearly confined (Fig. 1) to the 
period after exponential growth and before autolysis, a pattern 


. characteristic of secondary metabolites, the formation of which 


is usually retarded until the trophophase approaches com- 
pletion®’. Whereas fungal growth continued for ~10 days, 
CH;CI biosynthesis extended for another 8 days. Chloride 
uptake from the medium closely paralleled СН;СІ biogenesis, 
showing that there was little accumulation of Cl” in the 
mycelium before СН»С1 release, a conclusion confirmed by 
determination of Cl” content in the mycelium after ashing at 
various stages of growth. Chloromethane yield, expressed as a 
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Fig. 1 Growth of P. pomaceus on glucose-based medium contain- 
ing 9 6 mM NaCl in relation to CH4Cl production and chloride 
loss from the medium. Results are expressed as follows: (3, growth 
measured as mycelial dry wt; О, СН,СІ concentration 1n gaseous 
phase ın the culture flask, 6, total CH;Cl generated per culture 
flask; A, chloride 10n concentration in the culture medium. 

Methods. Cultures of P. pomaceus were grown on a solid medium 
pH 6.5 (20 ml) containing (g17'): glucose, 30; mycological pep- 
tone, 5, agarose ‘10’ (BDH), 10; NaCl, 0.5 in comical flasks (25 x 
250 ml) at 25 °C. As a precaution against bacterial contamination, 
chloramphenicol (25 mg 17!) was also added to the medium, experi- 
ments having indicated that the presence of the compound did not 
affect production of CH;Cl or chloride levels іп the medium during 
growth. The inoculum, which was spread uniformly over the sur- 
face of the medium, was a mycelial suspension (1 ml) prepared by 
homogenizing mycelium (600 mg wet wt) in sterile distilled water 
(20 ml) for 30s with an Ultra Turrax homogenizer. The mycelium 
used for inoculation was grown on 5% malt extract agar containing 
not more than 1 mM chloride Each conical flask was provided 
with a polytetrafluoroethylene (PTFE)-coated rubber bung through 
which passed a glass tube (10 cm х0.8 cm internal diameter, 1.4.) 
packed uniformly with cotton wool and fitted so that the lower 
end was flush with the lower surface of the stopper. The bung was 
also equipped with a sampling port comprising a glass tube of 
1 mm i.d. projecting 0.5 cm into the interior of the flask and flared 
at the upper end protruding from the stopper so as to accommodate 
a small PTFE-coated rubber bung. CH,C} production during 
growth was assessed by a modification of a headspace technique 
described previously'^. Initially, to calibrate the system, the rate 
of loss of gaseous halomethane from flasks equipped with outlet 
tubes as above was measured by introducing aqueous solutions of 
halomethane (20 ml) and determining headspace concentrations 
(by gas chromatography with a flame ionization detector) of 
aliquots (2 ml) withdrawn through the sampling port at intervals 
over 8 days. As diffusion of halomethane from the liquid to the 
gaseous phase within the flask was rapid compared with the rate 
of loss from the flask, the system could be regarded as single-phase 
1n subsequent calculations. The loss rate obeyed first-order kinetics, 
the half-lives of chloro-, bromo- and iodomethanes being 13.8, 
196 and 26.2h respectively Therefore, the total amount of 
halomethane generated by a fungal culture at any time during 
growth could be calculated from empirical measurements, at regu- 
lar intervals, of the halomethane concentration in the flask head- 
space and the half-life of the halomethane using a computer 
integrating program'*. Growth was measured as the dry wt of 
washed mycelium obtained by filtration of the agarose medium 
after solution in hot water. Chloride ion concentrations were deter- 
mined on the diluted medium with a Corning Eel 921 chloride 

meter 


percentage of the Cl” originally present ın the medium, varied 
between 90 and 100% for Cl” concentrations <4 mM, falling 
to 6% at 170 mM CT". Between 1 and 170 mM CT, total СН,СІ 
production was linearly related to the logarithm of Cl” con- 
centration, although slight deviation occurred at the higher end 
of the concentration range. _ 

As the fruiting bodies of P. pomaceus are typically found on 
trees of the Rosaceae, especially Prunus, СН,СІ yields were 
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Fig.2 Effect of halide 10n concentration on yield of corresponding 
halomethane for P pomaceus grown on cellulose as main carbon 
source . 

Methods. Cultures of P pomaceus were grown in conical flasks (in 
the conditions described in Fig. 1 legend) on filter paper (Whatman 
No. 540) (6.9 р) augmented with a chlonde-free mineral salts 
medium of pH 6.5 (20 ml) containing pure L-amino acids (3.6 g 17!) 
in similar proportions to those in mycological peptone and 
thiamine mononitrate (1.2 mg1!) The medium was supplemented 
with 1-25 mM NaCl, NaBr or Nal, as indicated The results shown 

are the mean of duplicate treatments 


assessed when the fungus was cultured with supplemental NaCl 
(20 mM) on sawdust derived from the wood of Prunus domestica, 
the common plum. Chloromethane production with both wood 
and other cellulosic substrates (such as filter paper, microcrystal- 
line cellulose, cotton wool and newspaper) as main carbon 
sources extended over long periods, from 4 weeks (cotton wool) 
to 6 months (wood) but yields of CH4CI were much higher than 
with glucose-based medium at similar chloride concentration, 
ranging from 86% (cotton wool) to 95% (newspaper). 

Figure 2 illustrates the effect of different concentrations of 
halide ion on halomethane yield, with cellulose (filter paper) 
as the.substrate. Both bromide and iodide acted as acceptors 
for the methylating system. In contrast, with glucose-based 
media, yields of both chloro- and bromomethane did not decline 
with increasing halide ion concentration; indeed, a slight trend 
in the reverse direction was discernible with Cl . The sup- 
pression of secondary metabolite production by glucose and 
other readily utilizable carbon sources has been noted in many 
studies on secondary metabolism". Iodomethane production 
decreased with increasing iodide concentration but this is prob- 
ably attributable to the manifestly detrimental effects of this ion 
on growth. When equimolar concentrations (5 mM) of chloride, 
bromide and iodide were present, the preferred substrate was 
iodide, the respective halomethanes being formed in the propor- 
tion 1:4:19. 

The magnitude of СН;СІ production in nature by fungi is 
difficult to estimate. Chloromethane has been identified as a 
volatile product of six Fomes species* and of Agaricus bisporus?, 
the common mushroom. Future studies may reveal the presence 
of this biosynthetic ability in many more cellulose-degrading 
species growing on wood, litter and soil worldwide. The high 
affinity of the methylating system for Cl” ensures that even when 
environmental Cl” concentrations are.low, appreciable quan- 
tities of CH4CI are generated. Thus, despite a concentration of 
only 34 mg kg! in P. domestica wood, yields of CH4Cl when 
P. pomaceus was grown on the unsupplemented substrate were 
between 40 and 5096. However, wood-rotting fungi are not 
confined to such low-chloride environments, being capable of 
mycelial growth on many plant substrates under a broad range 
of environmental conditions. The normal Cl” content of plant 
material varies from 200 to 10,000 mg per kg dry wt?? and many 
terrestrial soils exhibit appreciable salinity. Growth of fungi 
possessing such a high-affinity methylating system in these 
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circumstances could lead to production of substantial quantities 
of CH,CI and must therefore be considered alongside other 
postulated sources of atmospheric CH4Cl such as combustion 
of vegetation’? and reaction of iodomethane with Cl” in sea 
water!!. That such a biological source may be a major contributor 
to atmospheric CH;Cl levels is of considerable interest in view 
of the importance ascribed to CH4CI and other man-made 
halocarbons in controlling the levels of stratospheric ozone'?, 
Quite apart from the environmental significance, the enzymatic 
incorporation of halide ion apparently directly into a one-carbon 
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compound deserves attention as it must involve a mechanism 
quite distinct from the haloperoxidase-mediated halide ion 
incorporation previously regarded as the major route to 
organohalogen compounds in nature", The biotechnological 
potential of this novel system warrants investigation; indeed, a 
role for the fungal gene mvolved can be envisaged in the develop- 
ment of halotolerant crop plants, although environmental con- 
siderations may limit such an application. 

I thank J. T. Kennedy for technical assistance and J. A. 
Buswell, P. Robinson and D. A. Seaby for helpful discussions. 


7 Drew, S W & Wallis, D А їп Secondary Metabolism and Differennanon in Fungi (eds 
Bennett, Ј W & Ciegler, А : 35-51 (Dekker, New York, 1983) 

8 Bethge, P O & Troeng, T Svensk Papp-Tidn 62, 598-601 (1959) 

9 Long, C m Brochemusts’ Handbook, 1040-1041 (E & F N Spon Ltd, London, 1961) 

10 Palmer, T Y Nature 263, 44-46 (1976) 

11 Zafinou, O C J mar Res 33, 75-81 (1975) 

12 Edwards, P R, Campbell, 1 & Milne, G S Chemy Ind 1982, 574-578 (1982) 

13 Neidleman, S L & Сереп, J. Biochem Soc Symp 48, 39-52 (1983) 

14 Harper, D В & Nelson, J J gen Microbiol 128, 1667-1678 (1932) 








Use of numbers by a chimpanzee 


Tetsuro Matsuzawa 


Department of Psychology, Primate Research Institute, 
Kyoto University, Inuyama, Aichi 484, Japan 





Recent studies have examined linguistic abilities in apes'~* 
However, although human mathematical abilities seem to be 
derived from the same foundation as those in language, we have 
little evidence for mathematical abilities in apes (but for exceptions 
see refs 7—10). In the present study, a 5-yr-old female chimpanzee 
(Pan troglodytes), ‘АР, was trained to use Arabic numerals to 
name the number of items in a display. Ai mastered numerical 
naming from one to six and was able to name the number, colour 
and object of 300 types of samples. Although mo particular 
sequence of describing samples was required, the chimpanzee 
favoured two sequences (colour/object/number and object/colour/ 
number). The present study demonstrates that the chimpanzee was 
able to describe the three attributes of the sample items and 
spontaneously organized the ‘word order’. 

Before the present study! ^! ?'^, Ai had been trained to name 
14 objects and 11 colours by choosing among the set of symbols 
shown in Fig. 1. For the first experiment, five objects and five 
colours were selected from Ai's ‘vocabulary’ to form groups of 
sample items to be identified. The experimenter presented the 
sample items (for example, three red pencils) in the display 


Fig. 1 Symbols used in these studies In the 
symbolic matching-to-sample task, the chim- 
panzee was trained to identify the sample item 
that appeared in the display window (24 x 17 x 
24cm) by pressing an illuminated key (2x 
25cm) showing the assigned symbol These 
symbols could appear 1n various positions in a 
5X6 key matrix on a console located below the 
display window This console was interfaced 
with a PDP11/V03 minicomputer. The set of e" 
operative-illuminated keys was changed from Number 
trial to trial and the positions of the keys were 
also changed from session to session so that the 
symbol, rather than thé position of the correct 
key, had to be learned The trial ended when 
the chimpanzee pressed a blank key to the right 
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Fig.2 Acquisition of number names for the training item, red 
pencils. The top row represents overall accuracy, the other rows 
accuracy for individual numbers. Each dot shows the performance 
in each session, with percentage correct plotted against the time 
elapsed since the beginning of training on each number set. In the 
first session of each stage, except for training on the number names 
1 and 2, the chimpanzee received intensive training limited to the 
newly introduced number. 
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of the matrix on the console In numerical naming, two methods of displaying the sample items were used to minimize the possibility that 
the chimpanzee would associate each numeral with a particular display pattern. On some trials the samples were laid out in a row The position 
and the spatial density of items were changed within the area of the window in each trial so that area covered was not correlated with number 
of items. On other trials the items were held in one hand in front of the display window The orientation and the angular separation of items 
was varied from trial to {паі Depending on type of object, either or both methods were used. In the first experiment, five objects (pencil, 
paper, brick, spoon and tooth- brush) of five colours (red, green, blue, yellow and black) were used to form groups of items to be identified 
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Fig. 3 Percentage of six possible sequences in _ NN MAGY 72 81 95 97 эв 'ов бө га 100 100 100 


three-term naming. ЇЧ, number; С, colour; О, 
object. For example, NCO refers to trials’ in 
which the sequence 'number/colour/object' 
was used correctly. The open bars-show the 
percentage of trials on which, number was the 
first or second attribute named. The percentage 
of trials,on which all three attributes of the 
sample items were named correctly is shown at 
the top of each column. The left panel shows 
the change of use of the six possible $ Sequences , 
as a function of three- term- -naming training. A 
session ended when 100 rewards had: been, 
delivered Each reward required two. consecu- 
tive correct responses. Each block consists. of 
three consecutive sessions. In the, final block of . 
three sessions of the task, thé chimparizee i 
received 604 problems during 127 min and и DO" 3 
made only three mistakes. To investigate the ^ Trained colour and object 
determinant of the particular sequences, three Г у 
kinds of tests were done. In the first test (‘limited ^ 
number’), the number òf sample "items was not varied but etri auf. to one of the five alternatives within a session. The objects and ue 
used in this first test were the same as those used in previous training. In the’ second test (‘new colour’), new colours were introduced. The 
sample items consisted of the numbers from one to five, the five trained objects and five new colours, pink, brown, purple, white and grey. 
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In the third test (‘new object’), new objects меге introduced. The sample items ‘consisted of the five trained colours and буе new objects, , 


padlock, glove, glass, ball and key. In this test, the number of items to be named was restricted to one and two. Although those new samples 
had never been used in three-term naming, or even in simple numerical naming, the chimpanzee correctly described the three attributes of 
the samples Decreasing the difficulty of numerical naming by using the sanie number of items in all samples in a given session, or increasing 
the difficulty of object or colour naming, by introducing new colours and objects, had little effect on the favoured sequences. The chimpanzee 
seemed to have established the orderof describing the three attributes of the sample items. However; the introduction of new samples had a 
temporary impact on the ratio of these two sequences. The introduction of new colours'increased, one sequence, object/ colour/number. The 
introduction of new objects increased the use of the other sequence, colour/ object/ number. As those new samples were presented repeatedly, 
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the ratio of the two favoured sequences gradually returned to the original level ' > ` + Я 
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window and then pressed a start switch to light a set of numeric 
keys on å console. Correct: and incorrect key choices were 
followed by different sounds. A piece of apple or a raisin was 
delivered after a number of consecutive correct responses. A 
session ended when 100 such rewards had been delivered or 
when 60 min had elapsed, whichever came first. Ai received one 
or two sessions a day. On the average, 303 trials were given in 
a 43-min session, with trials spaced ~8.5 ѕ apart. ^. б 
At the beginning of the. first stage of training, only two nüm- 
bered keys were available’ and only: one or two red pencils w were 


2 


i 


shown. The number of red pencils,and correspondirig number. 
keys:was increased successively. Training was continued on each ` ' 
' “number set until accuracy exceeded 90% in at least two consecu- 


tive sessions. Acquisition of number naming with.red pencils 


only as exemplars’ i$ shown іп Fig. 2. The introduction of a. 
* new number was always accompanied by poorer identification 


of.the maximum number learned in,the previous Stage. For 


: example, im the‘ course of initial training to name six items in 


addition to 1, 2, 3,4 and' 5, -Ai made 274 errors out of 3,004 
trials, 63.196 of these confusion between 5 and 6. Moreover, 


- 


Table 1 Generalization, of numerical naming to a new colour, a new object or both : a new colour and object in a BuU : 


" 


` Accuracy on probe іпаіѕ " ` as i Dui 


' Samples - Accuracy 
: : З , * of trained 
А New colour, Trained colour, New colour, : Accuracy samples on 
Numbers trained object ` . new object new object by chance probe trials 
1,2 0. 83 (5/6) Б. ' 0.50 (3/6) - 0.50, (3/6) « 0.50 0.97 
Blue ' , Red ,Blue * 
Pencil Paper 3 ' Paper | 
1,2,3 0.60 (18/30)* f ^ 0.33 (10/30) 0.33 (5/15) . 0.33 0.99. 
Yellow Red/blue Yellow ў $ 
Pencil/paper Brick '- Brick , К 
1,2,3,4 0.71 (34/48): 0.54 (26/48)t 0.56 (9/16)* 0.25 0.99 
' Black Red/blue/yellow Black "n | 
Pencil/paper/ brick Spoon Spoon. p "tn RS S 
1,2,3,4,5 0.79.(79/100)$ ` 0.57. (57/100)t 0.56 (14/25)* 0.20 f 098 
. Green Red/blue/ yellow/ black Green ^ ў Ga ар aA 
Pencil/ paper/ brick/ spoon Tooth-brush : Tooth-brush 





The generalization was tested’ by inserting probe trials in which the new colour, new object or both, was used to illustrate the number. These 
probe trials were included among trials „during which trained samples were used. On trials with trained samples, the chimpanzee was informed 
whether her choice was corréct or incorrect. On, probe trials, which- were inserted once every 10 trials on the average, the choice. response was 
followed by neither the ‘correct’ ‘nor ‘error’ feedback sound. Proportion correct is'shown for the trained items as well as for the new ‘colour and/or 
object introduced їп each stage of training. "The numbers in parentheses-show the number of trials on which the proportions aré based. ‘The last 
"column shows the proportion correct on the trials for the trained sample items, including all the colours and objects previously used. Generalization 
of the number name to new objects of familiar colour, to new colours of familiar objects, and to new objects їй a new colour. was at first poor 
Less generalization was observed with new objects than néw colours in each stage of training. As additional numbers were introduced and new 
objects and colours were used as exemplars, the correct number names were applied not only to new colours but also to new objects. 


* P<0.05, TP «001; £ P «0.001 significantly above the chance level (x? test), | - к 
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“most errors (94.9%) were confusions between neighbouring 
numbers. 

Following acquisition-of a new number name, generalization 
to а пем object and/or а new colour was tested. The specific 
objects and colours used as well as test performance are summar- 
ized in Table 1 and reported in more detail elsewhere" 

=: Accuracy during the final two sessions of naming 1, 2, 3, 4 
and 5 with all five colours and five objects exceeded 98.596 in 
„830 trials. To reach this level of performance, a total of 95 
sessions were required. In other words, 68h 21 min (28,799 
trials) elapsed from the beginning of training. It took an addi- 
tional nine sessions (6h 12 min, 3,004 trials) for Ai to reach 
criterion in selecting the correct Arabic numeral for groups of 
up to six red pencils. 

How could Ai's newly acquired numerical skills be combined 

with object/colour naming? To answer this. question, the 
chimpanzee was required to name not only the number of 
items, but also the colour and objects used to illustrate the 
number. 
-Fifteen keys, each of which represented one of five numbers 
(1, 2, 3, 4, 5), five colours (red, blue, yellow, green, black) and 
five objects (pencil, paper, brick, spoon, tooth-brush), were 
operative at one time. The sequence in which the keys were 
depressed was free, but the chimpanzee was required to select 
the three keys correctly describing each of the three attributes 
of 5x5x5- 125 types of sample items. For example, when five 
blue tooth-brushes were shown in the display window as a 
sample item, it was necessary for Ai to press keys of ‘5’, ‘blue’ 
and 'tooth-brush' in any order. When the chimpanzee pressed 
an incorrect key, the 'error' sound followed and the trial ended. 
The. pressed key was darkened and inoperative, so that the 
repeated response such as ‘red/red’ was inhibited. 

Although no particular *word order' was required, the chim- 
panzee favoured two particular sequences among the six possible 
alternatives, colour/object/number and object/colour/number 
(left panel of Fig. 3). In both sequences, numerical naming was 
always last. In the final sessions, it generally took less than 3 s 
for Ai to describe the object, colour and number of the sample 
items. She seldom looked back at the display between each 
component response. The response latency in the first com- 
. ponent was the longest and the third component (numerical 

naming in almost all cases) was longer than the second one. 

The previously favoured sequences continued to be used for 

new samples with new colours and/or new objects (details in 

the right panel of Fig. 3). 

These results suggest that the readiness with which the 
attributes are named is a partial determinant of the favoured 
"Sequences. Accuracy in numerical naming was always lower 
than that in object or colour naming in the three-term naming 
task. Moreover, number names were learned more slowly than 
were the names of objects and colours. It took 1,052 trials 
(171 min) for Ai to reach criterion in her first object discrimina- 
tion task (‘padlock’ and ‘glove’), 538 trials (105 min) for the 
first colour discrimination (‘red’ and "green') and 1,821 trials 
(253 min) for the first number discrimination (‘1’ and 2"). In 
the previous stage of two-term naming, Ai had experienced both 
sequences, object/colour and colour/object. The previous 
experience may be the factor facilitating the reversible bonding 
of object and colour names in three-term naming. It seems that 
the favoured sequences in three-term naming are determined by 
complex factors, which include readiness with which the 
attributes are named and her previous experiences. 

The range of numbers (1-6), the variety of sample items (at 
least 125 types), generalization to new items and the complex 
sequence of responses make it highly unlikely that the naming 
depends on the mere association of particular sample items and 
alternative keys. The present study suggests that the chimpanzee 
was able to match the sample items on the basis of numerosity 
in addition to colour and types of object. 
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The discrete anatomical distribution of arginine vasopressin and 
corticotropin releasing factor (CRF) immunoreactivity in the para- 
ventricular nucleus (PVN) of the rat hypothalamus is altered after 
adrenalectomy'~*. Not only is the immunostaining of both peptides 
enhanced, but vasopressin immunoreactivity, normally confined to 
the magnocellular subdivision, becomes clear in a large percentag 
of CRF neurones in the parvocellular subdivision’. These changes 
іп immunoreactivity may reflect changes in post-translationa 
events, peptide metabolism or genomic activity that lead indirectly 
or directly to the enhanced expression of vasopressin, Here. w 
report that levels of transcripts homologous to vasopressin 
messenger RNA increase in the PVN after adrenalectomy, in 
parallel with increases in vasopressin immunoreactivity. In fact, 
after adrenalectomy, vasopressin mRNA can be detected in CRE- 
immunoreactive neurones. These results indicate that a conside: 
able degree of plasticity is retained by the adult neuronal genome 
of the rat and that this plasticity may be modulated by the endocrine 
environment. 

CRF and vasopressin act synergistically to release adrenocoi 
ticotropic hormone (ACTH). from the anterior ‘pituitary’, 
Recently, immunohistochemical studies have demonstrated that 
CRF-containing fibres in the median eminence arise from cells 
in the parvocellular subdivision of the PVN?, whereas the 
greatest density of vasopressin-containing neurones is found in 
the magnocellular subdivision of the PVN*. After adrenalec 
tomy, the anatomical distribution of these peptides becomes - 
less discrete; vasopressin and CRF can be found co-localized. 
in >70% of parvocellular neurones’. It has been suggested that 
the removal of adrenal steroids accounts for these changes in 
neuropeptide expression'. Because steroids regulate peptide. 
synthesis by modulating genomic activity^, it seemed possible 
that adrenal hormones regulate neuronal synthesis of- 
vasopressin by influencing some process preceding mRNA 
translation. Therefore, we examined the effects of adrenalectomy . 
on vasopressin mRNA levels in the PVN by applying in situ 
hybridization techniques in conjunction with standard: 
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Aneous detection of vasopressin mRNA and CRF- 
eactivity in the PVN of a control rat photographed 
ark-field illumination. CRF-like immunoreactive neurones 
tothemedial parvocellular division (mp), whereas vaso- 

ilver grains) is largely confined to the posterior 
iL (pm). HT, Third ventricle. Scale bar, 200 pm. 
ated (75 ug) rats were perfused with phos- 
Н 7.0) followed by buffered 10% formalin 
. Transverse 35-um sections containing the 
ezing microtome and processed for CRF 
ng the avidin-biotin method” апа 
hromogen. Immunostained sections were 
ol, rehydrated, rinsed in diethylpyrocar- 
slide-mounted and incubated overnight at 
ith "P-labelled probe (5 x 10* c.p.m. per sec- 
ization buffer (2 x SSC, 10 x Denhardt's, 50% 
SDS and 0.1% denatured salmon sperm DNA). 
next slides were rinsed іп 2xSSC for 4h with solution 
changes every 15 min. Slides were then air dried and dipped in 
‘ford L4 nuclear research emulsion diluted 1:1 with water. 
Because this emulsion is fine grained, slides were exposed for 
4 weeks in light-proof boxes at 4°C. Development was performed 
: with Kodak D-19 (diluted 1:1) for 5 min at 20°C and followed by 
fixation in 30% sodium thiosulphate. 


immunocytochemical methods. (For simplicity, the terms 
vasopressin mRNA and CRF- or vasopressin-immunoreactivity 
used here imply their putative nature.) 

<= Adrenalectomized (5 days) and sham-operated control male 
rague-Dawley rats were colchicine-treated, perfused 48h 
ater and processed for vasopressin or CRF immunostaining 
alternate sections, using the avidin-biotin method? with 
со mercially produced antisera (Immunonuclear). In situ 
iybridization techniques with radiolabelled, synthetic 
ligodeoxyribonucleotide probes were then applied to detect 
isopressin mRNA in the immunostained sections. The 
bridization procedures used and controls for the specificity 
"resultant signal were, with minor modifications, as 


tes were used to visualize hybridized probe. No differences 
the ты аө signal were observed between colchicine- 


cellular subdivision of m PVN, as expected if the probe 
ifically hybridized to transcripts homologous to vasopressin 
ЧА (Fig. 1). This localization of vasopressin mRNA was 
all control tissue, regardless of whether vasopressin or 
Е was immunostained in the section. Since vasopressin and 
are normally distributed discretely in the PVN, the con- 
sistency of the distribution of the hybridization signal indicates 
that the immunoreaction product did not lead to the production 
of false-positive chemographic images. 

"Adrenalectomy induced the appearance of vasopressin 
immunoreactivity in dorsal and medial regions of the parvocel- 
“lular PVN: Hybridized probe could also be detected in these 

















































Fig. 2 Localization of vasopressin mRNA in the parvocellular 
PVN of an adrenalectomized rat photographed under dark-field 
illumination. The highest density of grains is still seen in the 
posterior magnocellular division (pm), but there is also a consider- 
able amount of hybridized probe in the medial parvocellular 
division (mp). III, Third ventricle. Scale bar, 230 um. 

Methods. A 48-base oligonucleotide complementary to the glyco- 
protein region of vasopressin mRNA was prepared according to 
previously published methods'®. Two different 24-mers were 
synthesized on an Applied Biosystems (Model 380A) DNA syn- 
thesizer and purified by reverse-phase HPLC on a pBondapak C18 
column (Waters Associates). One of the 24-mers was labelled at 
its 5' end with ?P by reaction with [ y- P]ATP and T4 polynucleo- 
tide kinase. The 3’ end of this 24-mer was then ligated to the 5’ 
end of the second 24-mer, phosphorylated with ATP and T4 poly- 
nucleotide kinase, with the aid of a 17-mer holding fragment and 
T4 DNA ligase. The resulting 48-mer was separated from excess 
reactants and the complementary holding fragment by polyacry- 
lamide gel electrophoresis in denaturing conditions. The final 

activity of the probe was —10* c.p.m. ug"! 


same parvocellular regions (Fig. 2). Indeed, vasopressin mRNA 
could be seen in the cytoplasm of parvocellular CRF- 
immunoreactive neurones (Fig. 3). Adrenalectomy did not lead 
to the appearance of vasopressin mRNA in CRF neurones in 
all regions of the central nervous system (CNS) (data not 
shown). 

These results demonstrate the ability of the endocrine environ- 
ment to regulate transcript levels in a discrete region of the adult 
CNS. Certainly, the changes in genomic expression described 
here need not have been a direct consequence of decreased 
circulating adrenal hormones. The loss of feedback inhibition 
of both pituitary corticotrophs'’ and CRF-secreting neurones? 
upon adrenalectomy leaves open the possibility that elevated 
concentrations of ACTH or CRF contribute to the enhanced 
production of vasopressin mRNA. CRF has been shown to 
contribute significantly to the elevation of proopiomelanocortin 
mRNA levels seen in the pars intermedia of adrenalectomized 
rats", Furthermore, changes in neuronal activity that might 
occur in response to endocrine manipulations'*!^ could them- 
selves lead to changes in neuropeptide expression. For example, 
chemical depletion of adrenergic terminals in the hypothalamus 
leads to enhanced CRF immunoreactivity in the PVN"; 
depolarization of sympathetic ganglia is known to result in 
changes in their neuropeptide content'®. Whether such indirect 
actions consequent to adrenalectomy also affect the observed 
redistribution of vasopressin mRNA remains to be determined. 
In contrast to the increase in vasopressin immunoreactivity 
reported here in the PVN after adrenalectomy, a dramatic 
decrease in vasopressin immunoreactivity in the adult rat 
habenula has been found after gonadectomy'’. Whether this 
effect of gonadectomy reflects changes in genomic activity. 














Fig. 3 CRF-immunoreactive neurone containing vasopressin 
. mRNA. Note the confinement of the silver grains to the cytoplasm. 
Scale bar, 20 um. 


Temains to be demonstrated. In any case, the observation that 
regional levels of the same neuropeptide may be differentially 
regulated by different humoral factors is particularly striking. 
Our results show that changes in the endocrine composition 
caused by adrenalectomy promote the expression of vasopressin 
mRNA in parvocellular regions of the rat PVN. Of particular 
note is the induction of vasopresin mRNA in CRF- 
immunoreactive neurones under these conditions. These results 
demonstrate that differential regulation of gene expression 
occurs in the adult CNS in response to physiological stimuli. 
We thank T. O'Kane for technical assistance, Dr S. A. Tomiko 
for critical comments and Y. J. King for typing the manuscript. 
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Connective tissue cells proliferate actively when cultured in the 
presence of serum. Platelet-derived growth factor (PDGF), a basic 
protein of relative molecular mass —30,000, has been identified 
i. as the major serum mitogen for these cells‘; its main physiologi- 
7. eal/pathophysiological role may be to initiate wound healing in 
“connection with tissue injury. However, growth of cultured cells 






ctors, including 
growth feu fibroblast rui. factor , insulin and soi 
medins*. Furthermore, Rozengurt and Sinn 









peptides belonging to the tachykii 
been studied extensively; it is dist 
central and PA ad cam nervous system’, including pri né 
neurones? !*, and can be released i 


















inflammatory response", Substance u 
tachykinin family isolated from mammalian spi al 
et al.'^ determined the primary structure of tw 
P precursors, one of which contained a sequei 
substance K, as well as the sequence of subst: 
here that substance P and substance K stimulate: 
in cultured arterial smooth muscle cells and 
blasts, and that this Stimulation is inhibited by t 
P-antagonist spantide’’. 

Smooth muscle cells were isolated ed à 
aortic media of adult Sprague-Dawley. 
were isolated by outgrowth from human 
dary cultures of muscle cells and cultu: 
10th to 12th passage were growth-arre: 
free medium for 24 h. The rate of en 
phase of the cell cycle was determinee 
of autoradiographically labelled nuclei а! 
with *H-thymidine. Exposure to mediu 
newborn calf serum initiated DNA syn 
(+s.d.) of the muscle cells and in 47 + 5.39 
compared with 18.6+3.0% and 17. 1®27%, 
unstimulated cultures. 

Addition of substance P or substance K to serum- } Д 
stimulated DNA synthesis in cultured muscle cells in’ ad 
dependent manner, whereas addition of bombesin had no : 
(Figs 1а, 2). Substance К was à more potent stimulator 
substance P, at 107° M producing 62.0: 1.4% labelled uchi 
while 107° M substance P produced 38.3 + 4.4% labelled nuc 
PDGF at 25 ng ml" produced maximal stimulation of DN 
synthesis in muscle celis grown in serum-free medium (42.64€ 
4.7% labelled nuclei; see ref. 18), whereas 2ng ml! PDGF 
produced only a small increase (Fig. 1a). DNA synthesis. in. 
muscle cells stimulated. with 2 ng ті! PDGF could be further 
stimulated by the addition of substance P or K. However, the. 
combined effect of substance P or К and suboptimal concentra- 
tions of PDGF was less than the sum of their individual effects, 
Furthermore, at concentrations > 107" M, substance К was more 
active alone than in combination with suboptimal concentration: 
of PDGF (Fig. 1а). 

Substance P and substance K also stimulated initiati 
DNA synthesis in fibroblast cultures; no effect was obse 
after treatment with bombesin (Fig. 15). Again, substan 
was more potent than substance Р. The rate of DNA syn 
in fibroblasts stimulated with suboptimal concentratio 
PDGF was further enhanced after treatment with substance 
or substance K, but the enhancement was lower than th 
individual effects of either substance (Fig. 1b). : 

To determine the specificity of the stimulating action of sub 
stance P and substance K, we performed control exper 
with cultures preincubated with spantide ([D-Arg';' D-Tr 
Leu'']-substance P; Bachem), a substance P antagonist; 
found that the addition of spantide (3x10 * M-3x1075 M) t 
serum-free medium caused a limited stimulation of DNA sy 
thesis, 3 x 107 M producing 26.4 * 2.0% labelled nuclei, and а 
significant reduction of DNA synthesis induced by 1077 M оғ. 
substance P or substance K in both muscle cells and human 
fibroblasts. Spantide did not reduce the rate of DNA synthesis 
in cultures stimulated with 25 ng ті! PDGF (Table 1). 


There is accumulating evidence that many factors are involved 
in the regulation of cell growth. The present results demonstrate 










































































Е substance analogue spantide on DNA synthesis. 
: k GO and PDGF 
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% Labelled % Labelled 

eet nuclei s.d. nuclei s.d. 

CDBIO4 з 18.6 3.0 174 27 

MCDB 104/3 х 10-5 м. 17.2 23 15.7 3.2 
-..spantide 

MCDB 104/107 М 21.4 2.1 23.8 0.4 
spantide 

“MCDB 104/3 x10 М 26.4 2.0 26.1 23 
vs spantide 

107 MSP 40.9 0.6 32.0 1л 

01077 MSP/3x107*^ M 32.05 22 28.7 2.0 
: spantide 

107 MSP/107M 33.9 53 28.5* 0.4 
spantide 

CUMSP/3X107^M 25.8 1.2 24.6 0.2 
spantide 

50.1 13 382 14 

41.5* — 08 28.7* 3.4 

33.3 4.2 27.2 2.9 

27.6 1.6 23.1 12 

40.8 33 45.9 43 

> ; 44.5 4.1 45.0 5.0 

spantide e 

PDGF 25 ng mi 19-5 M 41.1 1.1 432 13 
< spantide . 

PDGF 25 ng mI !/3x107 М 41.9 0.9 43.2 2.5 


spantide 


edium MCDB 104 (Gibco) was used as.control. The fraction of 
abelled nuclei was determined as described in Fig. 1 legend. Each value 
presents the mean of triplicate cultures. 

*The first value in each group, significantly different (Р < 0.05) from 
е control. 


that substance. P and substance К, two structurally related 
neurotransmitters found in both the central and peripheral 
г nervous system, may act as mitogens for connective tissue cells. 

“The addition of 10 ^M of substance P alone or together with 
“suboptimal concentrations of PDGF stimulated initiation of 
DNA synthesis, whereas substance К. stimulated entrance to 5 
phase at concentations as low as 107° M. Note that substance 
K was 100 times more potent in stimulating DNA synthesis than 
bstance P, indicating an action via a substance P-E receptor 
btype^^^', Substances P and K were less effective in stimulat- 
"ing DNA synthesis if the cells were simultaneously stimulated 
with suboptimal concentrations of PDGF. This lack of potentiat- 
ing effect may result from the existence of similarities in the 
echanisms of action of neuropeptides and growth factors. 

| Indeed, our results indicate that PDGF decreases the stimulatory 
effect of substance К in smooth muscle cells, which suggests а 
complex interaction between the mitogenic effect of PDGF and 
stance. K. DNA synthesis induced by substance P or sub- 
"stance K was markedly reduced by incubation with spantide, an 
analogue of substance P with antagonistic activity, suggesting 
га competitive inhibition of receptor binding. Spantide alone had 
asmall stimulatory effect, consistent with the previously reported 
« agonistic activity of the substance Р analogues". It is interesting 
‘that bombesin, which has two C-terminal amino acids in com- 
mon with substance P-and substance K, failed to induce DNA 
synthesis. We.therefore conclude that the stimulatory effect is 
mediated via specific tachykinin receptors. 

/ The mechanisms by which substance P and substance К 
" stimulate DNA synthesis remain to be determined. However, it 
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Fig. 1 Effects of substance P and substance K on initiation of 
DNA synthesis in smooth muscle cells (a) and skin fibroblasts 
(b). Subconfluent, secondary cultures of muscle cells were growth- 
arrested by transfer to medium MCDB. 104/0.1% bovine serum 
albumin (serum-free medium) for 24 h. They were then incubated 
with 2.5 pCi ті! of ?H-thymidine and various concentrations of. 
substance P (Bachem) alone (©) or with (8) 2 ng ml”! of PDGF” 

added, various concentrations of substance K (Peninsula) alone 
(ГЛ) or with (W) 2 ng mi”! of PDGF or with various concentrations 
of bombesin (Peninsula) alone (V) added for another 24h. The 
cells were fixed in 3% buffered glutaraldehyde and processed for 
autoradiography as described elsewhere'*. The fraction of labelled 
nuclei was determined by counting 500 randomly selected cells in 
each specimen. Values are given as means of triplicate cultures 
(s.d. « 2096). * Indicates the first value in each group, which is 

significantly different (Р < 0.05) from the control. 


is interesting that both substance P? and PDGF” have been 
found to stimulate hydrolysis of phosphatidylinositol 4,5- 
bisphosphate into diacylglycerol and inositol trisphosphate and 
that inositol trisphosphate has recently been shown to function 
as a second messenger for mobilization of intracellular cal- 
cium’, which is believed to participate in regulation of cell 
proliferation. 

The present data suggest a possible role for tachykinins in 
wound healing. It is tempting to speculate that substance P 
and/or substance K released from peripheral neurones in con- 
nection with tissue injury not only contribute to the inflammatory 
response but also could help other mitogens, such as PDGF, to 
stimulate proliferation of surrounding connective tissue cells 
and thus initiate a healing response. 

Fibroblasts were. kindly supplied by Dr Ove Ceder and Dr 
Hans Kollberg; PDGF was a gift from Dr Carl-Henrik Heldin. 
This work was supported by the Swedish MRC (фе апа = 

















Fig. 2 Micrographs of representative fields of autoradiographs 
from a culture of smooth muscle cells treated with serum-free 
medium (a) or 107° M substance К (Б). x600. 
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The Na/K pump usually pumps more Na* out of the cell than K* 
in, and so generates an outward component of membrane current!” 
which, in the heart, can be an important modulator of the frequency 
and shape of the cardiac impulse". Because it is electrogenic, 
Na/K pump activity ought to be sensitive to membrane potential, 
and it should decline with hyperpolarization*?. However, such 
voltage dependence of outward pump current has yet to be 
demonstrated", one reason being the technical difficulty of 
accurately measuring pump current over a sufficiently wide voltage 
range. The whole-cell patch-clamp technique’! allows effective 





as membrane voltage. Applying this technique to m 
isolated from guinea pig ventricle, we have measured Na | pump 
current between —140 mV and +60 mV, after minimizing passi 
currents flowing through Ca^*, K* and Na* channels. We repo 
here that strongly activated pump current shows marked volta 
dependence; it declines steadily from a maximal level near 0 mV 
becoming very small at —140 mV. Pump current-voltage relation 
ships will provide essential information for testing models-of th 
Na/K pump mechanism and for predicting pump-mediated change 
in the electrical activity of excitable cells. ; 
We used wide-tipped patch pipettes to modify intracellular 
ionic composition so as to reduce outward K* currents!*, b 
lowering the pipette K* concentration (K^ 1,544) to. 10 m^ 
(K' replaced by Cs*) and by adding 20mM tetraet 
ammonium (TEA). To diminish inward currents in Ca^* an 
K* channels, external solutions were nominally Ca**-free an 
included small amounts of Cd^", Ва?* and Cs*. The resulti 
low membrane conductance facilitated the control of membr. 
potential over an extensive range and enhanced the signal-t 
noise ratio for detection of Na/K pump current. ; 
Rod-shaped, quiescent ventricular cells were obtained 
collagenase digestion of guinea pig hearts, followed by enzyme- 
free incubation in high [K*], low [Ca**] medium", The cells 
were superfused at 36 °C with normal Tyrode's solution contai 
ing (in mM): 144 NaCl, 5.4 KCI, 0.3 NaH;PO,, 1.8 CaCl, 0.5. 
MgCl, 5.5 dextrose, 5 HEPES (pH 7.4). Giga-ohm seals were 
obtained using wide-tipped (4-5 шт), fire-polished pipettes 
filled with the same Tyrode's solution (pipette resistance 
~1 MQ), then, before rupturing the membrane patch, the pipette 
solution was exchanged" for one containing (in mM): 100 
Cs-aspartate, 10 Tris,ATP, 5 K;-creatine phosphate, 1 NaH, PO 
20 TEA-CI, 5.5 MgCl, 5 EGTA, 5 HEPES (pH 7.4). After 
rupture of the patch, the holding potential. was set at —40 m 
to inactivate Ма” channels and, after allowing —5 min for the 
cell interior to equilibrate with the pipette solution (see Fig 
1A), the cells were superfused with nominally Ca?*-fre 
Tyrode’s solution (CaCl, replaced by 1.8mM MgCl, 0.9 mM 
BaCl,, 0.2 mM CdCl, and 1 mM С$С1). In these conditions, 
membrane currents elicited by voltage steps were small and 
largely time-independent (Figs 1 B, 2A), confirming that channel 
currents were depressed. 

Figure ТА shows that a sudden increase in [Na е from 

1 mM to 34 mM (Na" replacing Cs*) caused a rapid outward - 
shift of holding current which was completely abolished by. 
external application of 10 рМ ouabain. The fact that ouabain 
specifically inhibits the Na/K pump suggests that, at —40 mV, 
the entire outward current shift caused by raising the pipette.» 
(and, hence, intracellular) [Na+] results from Na/K pump acti- 
vation. To determine effects at other voltages, we applied 300-ms 
clamp pulses to potential levels between —140 mV and +60 mV. 
Figure 1 B shows samples of the currents obtained in the presence 
of high pipette [Na*] immediately before (a) and just after (b) 
pump inhibition by ouabain; c shows the ouabain-sensitive. 
components obtained by digital subtraction of the corresponding. 
traces in a and b. These difference traces already indicate thai 
the size of the ouabain-sensitive current varies with membrane 
potential. 

The detailed voltage dependence of the ouabain-sensitive 
current is illustrated in Fig. 2. The different symbols in Fig. 2A. 
Show current levels measured during the four data-collection -: 
periods numbered in Fig. 1A. The currents in the presence of = 
ouabain (€) are practically superimposable on those recorded 
with [Na*] ipene of 1 mM (A), arguing that, over the entire 
voltage range examined, the outward current elicited by raising 
the intracellular [Na*] results from activation of the Na/K 
pump. The data points in Fig. 2B show the amplitudes of the 
difference currents, obtained by digital subtraction of the cur- 
rents in Fig. 2A: triangles show the Na activated current, and | 
the open and solid circles show the ouabain-sensitive current : 
determined, respectively, by washing on, and washing off, 
ouabain. All three sets of points demonstrate that the ouabain- | 

























































































































































: IK pump in a ventricular : 
cell superfused with 5.4mM К“, Ca**-free 
yrode's solution. A, Chart recording: upper 
race, membrane potential; middle trace, mem- 
brane current; the lower line indicates approxi- 
mate timing of step changes in [Ма Т 
etween 1 and 34 mM, and the bar beneath it 
marks the exposure to. 10M ouabain; the 
numbers above the voltage trace indicate acqui- 
зот of four sets of current-voltage data. To 
_ change the pipette solution", negative pressure 


+606. 
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=30-ст Н.О): draws fluid from a miniature 3 
reservoir through fine «silastic tubing. and 
, delivers it to within 200 ium of the pipette tip 
ма à narrow, tapered, polythene catheter [ма] ue im 


attached toa 25-gauge stainless steel tube. A 
| constriction device closes the silastic tube dur- 
ing transfer between reservoirs. To exchange 
e <20 ut volume between pipette tip and 
servoir takes: ~30-60s. B, Superimposed 
mple .current records taken from A, just 
before (2)(a) and, during (3)(b) exposure to 
uabain. The pulse potential is indicated for 
each record; holding potential —40.mV. 
Records. were low-pass-filtered at. 2 kHz and 
digitized at 0.4-ms intervals. c, Superimposed 
"difference currents obtained by computer sub- 
traction of each record in b from its counterpart 
in a; pulse potentials were, from top to bottom, 
0, +40, -80 and —120 mV. Note the expanded 
i current scale in c. 


Fig.2. Voltage dependence of current associated with Na/K pump 
activity. Data from the experiment in Fig. 1. A, Net membrane 
currents in the presence and absence of Na/K pump activity. 
Ordinate, steady current levels, obtained by averaging digitized 
values over the final —100 ms of each 300-ms pulse. Abscissa, 
membrane. potential during the pulse. The data were recorded 
during the periods numbered in Fig. 1A: A (1), 1! mM [Na" Тм; 
© Q)434mM [Na liu. € (3), 34mM [Na* Jpipcite during 
exposure to ouabain; @ (4), 34 mM [Ма Тш after recovery from 
ouabain. Arbitrary curves were fitted to the points by eye. B, 
с Steady-state levels of difference currents derived by subtracting 

currents recorded in the absence of Na/K pump activity from 
“those recorded, at the same voltage, in its presence. Ordinate, 
"amplitudes measured as in A; abscissa, membrane potential. The 
three sets of points are: A (2) — (1), current activated by raising 
[Na ]pipeues and ouabain-sensitive current on ouabain application 
IO, (2) - (3)) and ouabain withdrawal [@, (4) – (3)]. Because these 
ventricular cells have a flat, rectangular shape, the apparent cell 
surface was approximated as 2x mean width x mean length. Com- 
parison with cell capacitance measurements, however, suggests 
-that actual membrane area is 2-3 times greater than this approxima- 
“tion, presumably because of T-system and sarcolemmal caveolae. 

The true pump current density is thus probably 2-3 times smaller 
than that estimated here. 


ensitive current attains a maximal amplitude near 0 mV and, 
at negative potentials, declines roughly linearly with voltage 
‘towards an extrapolated zero-current potential near ~ — 160 mV. 
Very: similar current-voltage characteristics were obtained in a 
total of nine cells (Nat ]pipeue 34-41 mM) exposed to 5.4 mM К 
-solution to which 10-20 u M ouabain ог 50 М strophanthidin 


estimated by linear extrapolation averaged —156+14mV 
Ces.d:), and the current amplitude at. 0 mV was +160+69 pA 
per cell (equivalent to 3+1 рА стг? if related to apparent cell 
surface, but see Fig: 2 legend). 

Before we can conclude that cardiotonic steroid-sensitive 


was added to inhibitthe Na/K pump; the zero-current potential - 
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current is simply Na/K. pump current, possible contributions. . 
from two other sources must be considered. One possibility, 
that cardiotonic steroids alter membrane current other than via 
their effect on the Na/K pump, is eliminated by the current- 
voltage relationships in Fig. 3A, which show that if the pump 

_ is ‘first inhibited by exposure to K"-free solution, application оѓ. 
50 M strophanthidin has no effect. A second possibility іѕ 
contamination by an indirect effect of pump inhibition. Thus, ^ . 
despite our precautions to minimize K*-channel currents, the. 
cardiótonic steroid-sensitive current (and also the Na^-activated = 
current) may still contain a component reflecting changes in K^: 
concentration in an unstirred extracellular space, caused by the: 
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Fig. 3. Control current-voltage relationships demonstrating that, 
іп the absence of Na/K pump activity, membrane current is 

unaffected either by application of strophanthidin (A), or by a 
; 10-fold change in external [K*](B). A, 54 min after raising the 
[Na* Jeivene to 41 mM, the Na/K pump was inhibited by exposure 
to K*-free solution, causing а 143-pA reduction in current at 0. mV. 
Current-voltage relationships were then determined before (О), 
during (A) and after (8) exposure to 50 M strophanthidin. The 
points show steady current amplitudes measured as in Fig. 2. 
Holding potential —40 mV. B, 9 min after raising [Na* Tpipene to 
34 mM, 202M ouabain inhibited the Na/K pump, causing а 118- 
t. pA inward shift of current at 0 mV. Current-voltage relationships 

were then determined in 5.4 mM K* (©), 1mM_-K* (A) and 10 mM 
SKY (Ф) external solutions, Na* replacing К? or vice versa. The 

points show steady currents. Holding potential —30 mV. 








changes in pump activity. Figure 3B confirms, however, that 
once the pump is inhibited (in this case by 20 4M ouabain), а 
=< 10-fold change in external [K^] has virtually no effect on mem- 
brane current. 
“We conclude, therefore, that Fig. 2B illustrates faithfully the 
< Na/K pump current-voltage relationship at high pump rates: 
, its general shape conforms to thermodynamic expectation "5, as 
до our preliminary results indicating that a rightward shift of 
othe pump current-voltage relationship accompanies the reduc- 
„Чоп in pump current caused by lowering either [Ма ]pipeue or 
external [K^]: Detailed analysis will require higher resolution 
|. current measurements to be made, probably using averaging 
techniques, under various ionic and metabolic conditions. 
"That such marked voltage dependence of outward Na/K 
42. pump current (Fig. 2B) has not been documented previously is 
_ probably attributable both to the limited voltage ranges explored 
_ {for example, —20 to —90 mV for cardiac preparations*'?), and 
"to. the difficulty of clearly distinguishing pump current from 
other currents. For example, pump-mediated changes in 
extracellular [K*] should act via inwardly rectifying К? channels 
Чо distort current-voltage relations of the type shown in Fig. 2A 
Ьу making inward K^ currents smaller at high, than at low, 
^" pump.rates. This would result in more parallel current-voltage 
relations than those in Fig. 2A, so that the difference currents 
(see Fig. 2B) would show less voltage dependence. Voltage 
sensitivity of inward current generated by the backward-running 
Na/K pump in squid axons has been reported recently!5, albeit 




























contributions of heavy and light 









strophanthidin i is stil severalfold faster) contrasts with’ its. poor 
reversibility in intact Purkinje fibres from sheep and dog hear 
(for example, see ref. 17), but it is not yet clear whether this 
reflects a mere species difference or results from collagenase 
treatment of the cells. 

Na/K pump current contributes significantly to the electrica 
activity of cardiac cells*”; a sustained increase in heart rate, fi 
example, leads to Na/K pump-mediated hyperpolarization a 
abbreviation of the cardiac action potential^. Full analysis or 
simulation of such effects in heart; nerve or muscle cells requires 
knowledge of thë voltage dependence ofthe Na/K pump. 
rent. Accurate determination of pump current-voltage relati 
ships under various conditions is thus vital to our understand 
of both the mechanism of the Na/K pump and its rok 
modifying electrical activity. - 
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Nuclear magnetic resonance (NMR) has been used éxténsively to 
study the structure of antibody combining sites" ?. [n recent studies 
we have observed the proton resonance spectra of the Fab fragment. 
of a monoclonal anti-spin-label antibody derived from а hybridoma’ 
grown on various specifically deuterated amino acids**. The broad: 
ening of the proton resonance signals by the paramagnetic hapten, 
together with selective deuteration, has allowed the identification 
of most of the amino acids in the combining-site region of this 

antibody and has also provided estimates of distances between 

amino-acid protons and the unpaired electron?. Here we show how: 
recombination of specifically deuterated heavy and light chains 
permits the assignment of single amino-acid proton resonance 
signals to either the heavy or light chain. In addition, the spectra 
of such recombinants demonstrate that their combining-site struc- - 

tures must be almost identical to the native structure. _ 
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“Fig. 1 NMR difference spectra for selectively deuterated Fab 
fragments of a monoclonal anti-spin-label antibody. с, Signals А-1 
аге each due to pairs of protons in the 3,5 ring positions of tyrosine 
"residues in the combining-site region of the ANO2 antibody. 

Spectra a and b give the corresponding signals from protons in 
‘the light chain and heavy chain, respectively. Note that the spec- 
. ftum in c is, to a good approximation, the sum of the spectra іп 
a and b. (See text for details.) 


"The. murine IgG, monoclonal anti-spin-label antibody 
ANO2) was derived from a hybridoma grown on specifically 
euterated amino acids, as described previously. Two prepar- 
tions of Fab were obtained: one (Fab I) was obtained from 
he hybridoma grown on perdeuterated tryptophan, perdeuter- 
ated phenylalanine and perdeuterated tyrosine; the second (Fab 
И) was. obtained from the hybridoma grown on perdeuterated 
ryptophan, perdeuterated phenylalanine, and tyrosine deuter- 
ted at the 2,6 ring positions. The Fab fragments, prepared as 
lescribed previously’, were partially reduced and alkylated. The 
саху (H)-chain fragment and the light (L) chain were separated 
п a DEAE column under denaturing conditions (8 М urea, 
is-glycine buffer, pH 8.2), then the heavy-chain fragments and 
ight chains were recombined to produce the recombinants 
НОРИ) and H(H)L(I). The urea solution was made 1 M in 
propionic acid. The recombinants were dialysed against 1 M 
“propionic acid and then twice against each of the following: 
water, 5 mM acetate buffer pH 5.8, 5 mM acetate buffer pH 5.8 
containing 0.15 M NaCl, and phosphate-buffered saline pH7.2 
{at least 12 h for each). A similar procedure for reconstitution 
of a whole antibody molecule has been described previously by 
- several groups”. 

Figure 1 shows the proton resonance difference spectra 
CAHGDLOD, AHGDLO) and AH(DL(D, where Д = proton 
‘resonance spectrum of Fab — proton resonance spectrum of the 
Fab fragment with paramagnetic spin-label hapten bound. The 
“paramagnetic spin-label hapten has the formula 


NO, 


NH,CH,CH,NH 


“The proton resonance signals in Fig. la arise from the 3,5 
protons of tyrosines in the light chain that are in the combining- 
site region (within 17 A of the unpaired spin®). The signals in 
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Fig. 2 NMR difference spectrum for a selectively deuterated Fab 
fragment of a monoclonal anti-spin-label antibody. The proton 
resonance signals arise from pairs of protons in the 3,5 positions 
of the tyrosine residues of the Fab heavy chain. These resonance 
signals are the same as those in Fig. 1b, except that in the present 
case the combining site is occupied by the chemically reduced 
non-paramagnetic form of the spin-label hapten. (the hydroxy- 
lamine) whereas the signals in Fig. 1b arise from a combining site 
that is unoccupied. Note that the presence of the hapten leads to 
splitting of signal В іп Fig. 15 (due to two tyrosines and four 
protons) into two signals (B and B’) in Fig. 2. 


Fig. 1b are due to the 3,5 protons of the tyrosines of the heavy 

chain in the combining-site region. p 
That the spectrum in Fig. 1с is very nearly the sum of the 

spectra in Fig. 1a and b represents compelling evidence that 


the combining-site structures are virtually the same in all three . EL 


cases; this is because resonance positions, intensities and 
linewidths are sensitive to conformation, motional freedom and 
environment. A similarity in structure between native and recon- 
stituted IgG was observed previously using circular dichroism 
and optical rotatory dispersion". 

Our spectra show that there are five tyrosines in each сһаіп — 
in the combining-site region. Signal 1 from the light chain is- 3 


weaker because it is farther from the unpaired electron. In each . A 


tyrosine signal the two proton resonance lines are equivalent. 
due to rapid rotation of the aromatic ring. Similar conclusions | : 
are reached from the proton resonance spectra of the Fab AS 
fragment containing tyrosine deuterated in the 3,5 positions . - 
(data not shown), that is, there are five tyrosines in each chain, 
and the conformation of the combining site in this reconstituted 
Fab is very similar to the conformation in the native Fab. 
Signal B in Fig. 1b arises from two tyrosines, as is evident 
from the observed intensity. Figure 2 shows that this signal is 
split in a difference spectrum, А = spectrum of Fab containing. 
the reduced spin label (nitroxide to. hydroxylamine) — 
resonance spectrum of Fab to which the paramagnetic spin 
label is bound. Interestingly, all the tyrosine proton. resonance 
signals in Fig. 2 remain sharp, and some shift in resonance 


position when the non-paramagnetic hapten is inthe combining .. 


site. Presumably, some of these tyrosine residues are in contact 
and/or are hydrogen-bonded to the hapten. Nonetheless, the © 
motional freedom remains large enough to yield sharp resonance 
signals (4-7 Hz linewidth at half height). 

In previous studies using double difference spectra, we. 
demonstrated the presence of three to five threonines in the 
combining-site region’. In the present study we have used double 
difference spectra involving two recombinant Fab fragments to 
establish the presence of two threonine residues on the light p 
chain and two to three threonine residues on the heavy chain 
in the combining-site region. One Fab fragment was not labelled 
and the other had deuterated threonine in the light chain (data 
not shown). 

Note that the ‘combining-site region’ is defined аѕ (ће region 
within 17 A of the unpaired electron, and that proton resonance 


signals in this region are obtained from the difference spectra _ 


А = proton resonance spectrum of Fab — proton resonance spec- 
trum of Fab with paramagnetic spin-label hapten bound. The: 


. geometry of the hapten is such that the protons of all amino 


acids in contact with the hapten are included in this combining: > 
site region. The ‘combining site’ is thus fully included within _ 





















_ the ‘combing-site region.” Integration of the difference spectra 
and ‘assignment of the resonances to specific types of amino 
acids reveal that the difference spectra represent contributions 
om ~50 amino acids’, while the entire Fab fragment contains 
440 amino acids. It is probable that some, or all, of the tyrosine 
residues have a significant role in affecting the structure of the 
combining site, irrespective of whether they are in contact with 
е hapten or not. 

The present study demonstrates that NMR, coupled with 
‘specific amino-acid deuteration and with heavy- and light-chain 
ecombination, сап be used to establish the contributions of the 
heavy and light-chain amino acids of an IgG monoclonal anti- 
body to the combining-site region, provided the relevant hapten 
; oF antigen produces a suitable perturbation of nuclear resonance 
signals. Therefore, NMR studies offer the possibility of obtaining 
а working model of the combining-site structure of the ANO2 
; oclonal antibody when the complete amino-acid sequence 
_ beomes available. The difference between the spectra in Fig. 1b 
гапа Fig. 2 indicates the information potentially available for 
non- -paramagnetic haptens/antigens. Some of the resonances in 
€ spectrum in Fig. 2 undergo changes in chemical shift relative 
‘their positions in the spectrum in Fig. 1b. These resonances 
show up in a difference spectrum; A=spectrum with reduced 
‘spin. label — spectrum without hapten, implying that useful infor- 
mation on combining-site structure may sometimes be obtained 
ven with non-paramagnetic haptens. 

"This work was supported by ОМК Contract N00014-83-K- 
0349 (to H.M.M.) and American Cancer Society Fellowship 
252-84, California Division (to J.A.). We thank Dr Norman 

_Klinman for advice on the recombination experiments. 
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- ;ffropomyosins аге a closely related family of proteins with a 
dimeric a-coiled-coil structure’. Skeletal isoforms are composed 
„Of two types of subunits, a and 62“ which, in turn, are assorted 
into two main molecular species aa and ap“ 7, Both isoforms 
are present in different molar ratios in individual skeletal muscle 
7 types” . In small mammals, however, only &-chain is expressed 
dn cardiac muscle", Tropomyosin, in association with the troponin 

`2 complex (troponin-I, -T and -C) plays a central role in the Ca?*- 
| dependent regulation of vertebrate striated muscle contrac- 
-. tion'^", On the other hand, despite structural similarities with 
.. the striated isoforms, the function of this protein in smooth muscle 
and non-muscle cells remains unknown, because in these cells 
€ontraction is thought to be regulated by myosin-linked processes 
| Independ edu» of tropomyosin'^5, Here we report the nucleotide 
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Fig. 1 Isolation and characterization of rat smooth and striated = 
muscle a-tropomyosin cDNA clones. а, Partial restriction endonü- 
clease map of striated (STR) and smooth (SM) muscle cDNA 
clones. Solid, stipled and open bars indicate amino-acid coding, 
3' and 5' untranslated regions and GC tails, repsectively. The 
position of the first (residue 81, -NH.) and last ( - СООН) codons 
are indicated. The uterus-derived cDNA clone ( ~ 1.7 kb) contains ^ 
mRNA sequences starting at the poly(A) track and extends all the 
way through the 5' untranslated region. The striated muscle-derived 
cDNA clone ( ~ 0.9 kb) spans the mRNA from the poly(A) track.“ 
up to codon 81. b, Hybridization of the smooth muscle cDNA... 
clone to a panel of tota: cellular RNAs (20 ње per lane) isola d 

from different tissues. The **P-labelling (nick-translation) hybridi 
ation and blotting procedures were performed as described pre- 
viously*’. The size of the two hybridizing mRNA species is indi- - 
cated in kb. Ad. Sk. M. and LEF represent hind leg adult skeletal. 
muscle and ТБ» myotubes'®, respectively. The cloning of striated 

and smooth muscle cDNA was performed with en quie 
hybrids annealed to pBR322 essentially as described ^*^ us 
RNA isolated by the hot phenol procedure?* from adult ati ind 
leg and gravid uterus. One-a-tropomyosin CDNA. clone was iso- 
lated from each cDNA library using a previously characterized ` 
cDNA clone which cover residues 80-120 in the a- tropomyosin 

sequence 






































sequences of cloned complementary DNAs for rat striated and 
smooth muscle a-tropomvosin. Comparison of the derived amino- 
acid sequences reveals the existence of tissue-specific peptides that 
delimit the putative tropenin-I and troponin-T binding domains 
of tropomyosin. S,-nuclease mapping studies reveal the existence 
of three distinct a-tropomyosin messenger RNA isoforms. each 
encoding a different protein; these isoforms are. tissue-specific, 
developmentally regulated and most probably encoded by the same | 
gene. 
Partial restriction maps of smooth and striated muscle a- 
tropomyosin cDNA clones are shown in Fig. la. The uterus- 
derived cDNA clone, of some 1,7 kilobases (kb), contains | 
mRNA sequences starting at the poly(A) track and extends all 
the way through the 5’-untranslated region. The striated muscle” 
derived cDNA clone (~0.9kb) spans the mRNA from. the 
poly(A) track up to residue 80. To ascertain the tissue-specificity- 
of the two cDNA clones, we performed blot analysis of RNA 
isolated from different tissues (Fig. 1b). Using the smooth muscle 
cDNA clone as probe, two size-classes of a-tropomyosin mRNA 
were detected: а 1.25-kb mRNA present in adult ventricular 

















Fig. 2 Nucleotide and derived amino-acid - 
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А САСА AMA GST GCA CAT GOC AMA СДА GMA МЄ СТТ AGT ATG CAC OG ATG Cb GAC OG ACT TTA CTG Уб CTA AC AC A 
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TTTCTOSAGAGTTATAACTATITTARACAGTT TATGNATGATATGAMATARMATGCACAGO TAGIACAT TTA, 7 


ATTCCTCTGCTCCTTATTTATTRACATTTTTGTCTCAGCOGC TUM TAAMICTACAGTTCTGCTTTSTGATCTA у; 


m, uterus, skeletal muscle and LE, myotubes'? 
a 1.8-kb-long mRNA expressed mainly in uterus. 
'ontain the highest concentration of the 1.8-kb 
' lowest. of the 1.25-kb species, whereas the 


| nyosin MRNA isoforms, respectively. 
. Examination of the nucleotide sequences shown in Fig. 2 
reveals several new structural features of tropomyosin proteins. 
„First, the smooth muscle a-tropomyosin is 280-residues long 
"and 4 residues shorter than the rabbit skeletal muscle isoform’. 
Second, the rat striated muscle isoform is identical in amino-acid 
sequence to its rabbit counterpart, at least throughout the regions 
which have been. compared (residues 81-284 of the rabbit 
molecule). Third, the comparative analysis between the smooth 
and striated muscle isoforms uncovers 'isotype-switch peptides' 
that reside in different positions along the protein molecule. The 
striated muscle a-tropomyosin is identical in amino-acid 
sequence to the smooth muscle isoform except for residues 
:258-284 (striated muscle sequence) that defines a carboxy- 
erminal ‘isotype-switch peptide’. In addition, comparison of 
he rabbit-striated muscle a-tropomyosin with the rat smooth 
e isoform shows them to be identical in sequence except 
two regions: from residues 41-80 (striated muscle sequence), 
which depicts an amino-proximal isotype-switch peptide, and 
the carboxy-terminal isotype-switch peptide discussed above. 
$, nuclease mapping, we have demonstrated that the rat 
: iated muscle. a-tropomyosin also has the amino-proximal 
isotype switch peptide in common with rabbit striated muscle 
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TONGA ANZITTOCTTAGCTGOGGOOAOATICICROGITIC 894 
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HVAC AREGAACIL TOGTE TOOG TCANT TAATACATTTAGACTICTGTCCAACACTAATTTATTT (RON) TTAGACTCTOCAACTAATTAC TTG TOC TGAG TAGCACTGNGAGAGATA TOG TTOCA TG TSCOCTS TCL TEACAGOCAAGGATTTGAAAG 1395 
ACC RTTE TOGTAAGAT TCCCARTTUCTTOCCAGCTGACATSE TTG TUGTCCC TT ARC TAG TOGGAAGAGGGC TCAGTCT TTTOGCOCCCOQDOCCCLAGAT TCTOCCAA TG TCAGGG TAAGAGATC TAGGCACTACATATOTAATGGTAGAAGAAMORICAT 1562 


tk ENA  GOEBARTSTOCCACCTCTGAGCTCTSOATCTGTCTOETCTOCABCTGACOOAQSTTCTTTCTAGTGCELACECACOCTABRSOCAGDACAGRCHS TC TTTETATTGTACAGAGSTEATCCTCOCAGTAMATAMACACTSTACRCTAGTUCTGTTTCT 845 





sequence comparison of smooth and: striated: 
muscle a-tropomyosin cDNA clones. Nucleo- 
tide sequence of the smooth and striated muscle 
a-tropomyosin-CDNA clones were determined 
by cloning of gel-purified restriction fragments ^ 
from both cDNA clones into M13 mp cloning: 
vectors and subsequently sequenced according: 
to Sanger et al^“, The deduced. amino-acid | 
sequences for the smooth and striated muscl 
a-tropomyosins are shown on top and underne- 
ath, respectively, of the corresponding nucle 
tude- sequences. The’ AATAAA :sequenc 
both cDNAs are underlined. Note that a second. 
AAATAAA sequence is located 75 nucleotides: 
upstream of the used one in the striated m 
cDNA sequence, suggesting the existe 
two different poly(A) addition sites. 
isotype-switch peptides sequences are boxed. 
(residues 41-76 and 254-280 of the smoot 
muscle isoform). Most of the striated. muscle 
cDNA sequence (residues 77-253, то 
muscle isoform) is shown as dotted li 
indicating identity with the analogous ‘regi 
of the smooth muscle isoform. The rabbit a 
tropomyosin residue sequence? has been alig- 
ned with. the rat a-tropomyosin isoforms Бу. 
boxing the extra four amino acids out of the 
linear arrangement of the sequence. 
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(data not shown). Further inspection of the smooth muscle © 
a-tropomyosin amino-acid sequence: in the amino-proximal 
isotype-switch peptide (smooth muscle residues 41-76) reveals 
that the 3-4-3-4-periodicity of hydrophobic residues charac- 
teristic of the tropomyosin proteins!^'^ is interrupted sig- 
nificantly at positions 46 (R), 50 (R), 53 (G), 57 (R) and 60 (G) 
(Fig. 2). The occurrence of such residues, especially those that: 
are charged, could lead to a local disruption of the, a-helix, 
which has been suggested to affect the stability of the coiled-coil 

at the protein level'?. These local differences in structure could 
alter the interaction of the smooth muscle a- ropamygsin with Uus 
other components of the contractile apparatus. 

Recently, it has been suggested that the binding of {тороп 
to tropomyosin enhances cooperatively the binding of troponin- 
T to tropomyosin??; however, the location of the troponin-I 
binding site on tropomyosin has not yet been determined. Ti 
interaction of tropomyosin with troponin-T seems to occur near 
Cys 190 (site 2)?!” and at a site close to or at the carboxy- 
terminus (site 1) of the tropomyosin molecule?97?, As shown in 
Fig. 2, the only difference in primary sequence between the ^ 
smooth and striated a-tropomyosins resides on the isotype- < 
switch peptides. Therefore, it is likely that these two peptides 
specify the troponin-I (residues 41-80) and troponin-T site 1 
(residues 258-284) binding domains, respectively. These 
isotype-specific peptides also can explain the observed differen- 
ces in actin binding and in the actin activation of myosin between 
the two a-tropomyosin isoforms?" At the nucleotide level, the 
most striking observation from the comparative analysis between 
the striated and smooth muscle cDNA clones is their identity- 
in the region coding for residues 81-257 (striated muscle 
sequence) (Fig. 2). In contrast, sequences located 3' from codon 
257 are unique for each cDNA. The fact that in the common... 
amino-acid coding sequence of the two mRNAs there is not a: 
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Fig. З Developmental and tissue-specific expression of 
a-tropomyosin mRNAs. The S, nuclease mapping studies were 
done under condition essentially described by Mahdavi er al.**. 
The 5’ end-labelled fragment was hybridized as a double-stranded 
probe to 30 ug total RNA under RNA-loop conditions *^^*, After 
hybridization, the mixture was incubated with 600 О m^! of enzyme 
and the S, nuclease-resistant products were analysed by 6% polya- 
crylamide/8.3 M. urea gel electrophoresis? and their sizes esti- 
|; mated by comparison with 0X174 size standards. RNA samples 

dsolated from 18-day-old fetal skeletal muscle (fetal Sk.M.), 
newborn skeletal muscle (Nb.Sk.M.), adult skeletal muscle 
(Ad. Sk.M.), adult ventricular myocardium (heart), gravid uterus 
с (uterus), L,E, myotubes (LEF) and hepatocellular carcinoma 
осей line (HepG,) as a negative control were analysed. The 5’ 

end-labelled probe was generated by end-labelling of the restriction 

fragment with [-"PJATP (NEN; specific activity 3,000 Ci m- 

то!) using T, polynucleotide kinase (Boehringer Mannheim). 

The 364-base pair long 5'-most Р5/1/ PstI restriction fragment from 

the smooth muscle cDNA clone (Fig. 1a), labelled at the 5' end 

with [у-?2Р], was used in the S, nuclease mapping studies. This 
probe contains the 16 nucleotides of the 5' untranslated region of 
the smooth muscle cDNA down to codon 116, thus including the 
sequence coding for the amino-proximal isotype-switch peptide 
(smooth muscle sequence residues 41-76). The Pst] site at codon 
116 lies in a region which is common to both types of cDNAs. 

Therefore, protection from S, nuclease digestion of the full-length 

probe (364 bases) indicated hybridization to homologous smooth 

muscle a-tropomyosin mRNA, whereas protection of a 120-base- 

long fragment represents hybridization to the striated muscle a- 

tropomyosin mRNA. Protection of subfragments other than 120 

bases long would indicate the existence of new a-tropomyosin 

isoforms that diverge from the smooth muscle sequence at positions 
different from the striated muscle isoform. 
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single nucleotide substitution (even at the wobble positio 
strongly suggests that a single gene specifies the expression of 
these two tissue-specific a-tropomyosin isoforms by a complex 
process of alternative splicing. This possibility has been confir- 
med recently by the isolation of a single a-tropomyosin gene 
that contains all the common and isotype-specific sequences of 
the cDNA clones (N.R.-O. and B.N.-G., in preparation). 

To study the developmental and tissue-specific expression of 
the a-tropomyosin mRNAs, S,-nuclease mapping analysis оѓ. 
RNA isolated from different rat tissues was performed as 
described in Fig. 3 legend. Three distinct fragments are protected 
from S,-nuclease digestion by skeletal and ventricular adult 
muscle RNA. Two of these fragments, 120- and 364-bases long 
are consistent with the sizes predicted to be protected by striated 
(a, tropomyosin) and smooth muscle (a-tropomyosin) mRNAs, 
respectively. The third band, 228-bases long, demonstrates the 
existence of a new a-tropomyosin mRNA (striated: muscle a 
tropomyosin) that diverges from the smooth muscle cDN 
probe at the region corresponding to codon 41, which is th 
first residue of the amino-proximal isotype-switch. peptid 
(smooth muscle residues 41-76). Identity between the striated 
muscle a,- and smooth muscle a-tropomyosin mRNAs span 
the region encoding residues 41-116 and, therefore, includes 
the amino-proximal isotype-switch peptide (Fig. 3). M 

The three different a-tropomyosin mRNAs are tissue-specifi 
and developmentally regulated. The a,- and a;-tropomyosi 
mRNAs are produced only in striated muscle, whereas | 
a-form seems to be expressed predominantly in smooth musel 
The presence of low levels of the smooth muscle a-tropomyosi 
isoform in striated muscle indicates either tissue contaminatio 
from the vascular smooth muscle or a low level of expressio) 
of the smooth muscle isoform in the striated muscle cells. Th 
fact that ТЕ, myotubes produce both a,- and a-tropomyosi 
mRNA favours the second possibility and demonstrates tt 
striated and smooth muscle isoforms can be synthesized in t ‹ 
same cell. The striated muscle a-tropomyosin isoforms are also 
developmentally regulated. The ae,-tropomyosin mRNA is 
induced early in muscle development and accumulates: to: hig 
levels in the adult, whereas o;-tropomyosin mRNA. Сап: o 
be detected in adult skeletal and ventricular tissue: 
These results also demonstrate that identical a 
isoforms are expressed in skeletal and cardiac mu 
the fact that the two muscle types express different myosi 
chains! ^^ light chains "^5, асіп? and troponii 

The results presented here shown the existen 
tinct a-tropomyosin mRNAs, all three of whi 
of 100% homology and isotype specific seq 
arrangement suggests that the a-tropomyosin gen 
unusual organization with common and exchangeable exons 
that can be spliced together according to different combinatorial 
possibilities. 
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Restriction fragment length polymorphisms (RFLPs) of matern- 
ally inherited. mitochondrial DNA have revealed that genetic 
exchanges can occur between populations, subspecies or even 
species". From the point of view of population genetics the 
mammalian Y chromosome represents a genomic analogue of the 
< mitochondrion; it is inherited only paternally and remains per- 
petually monosomic, showing little meiotic recombination with 
other chromosomes. Using a Y-specific genomic DNA probe 
- obtained from a flow-sorted mouse Y-chromosome library, we have 
examined the RFLPs in 10 newly established mouse lines of the 
-European semispecies Mus musculus domesticus and Mus musculus 
musculus^, and identified two variant forms of the Y chromosome, 
each of which is characteristic of one of the semispecies. As 
reported here, probing the DNA from nine established inbred 
laboratory strains reveals that the strain SJL carries a M.m. 
: -йетеѕісиѕ type Y whereas, surprisingly, the Y chromosomes of 
the other eight strains are of M.m. musculus origin. Hence, these 
_ Strains cannot be regarded as archetypes of M.m. domesticus as 
suggested by protein polymorphisms and mitochrondrial DNA 
sequence data, but rather as genetic hybrids between the two 
semispecies. —. . 
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Fig. 1 Map of Europe showing the geographical origin of the 10 
wild-derived strains of mouse studied. The two semispecies meet 
and hybridize along a narrow zone, indicated by the thick line, 
extending from Denmark, through central Europe to the Black 
Sea^^?. М.т. domesticus is found in western and southern Europe, 
M.m. musculus in central and eastern Europe. These semispecies 
have also been termed Mus 1 and Mus 2 (see ref. 5). The distribu- 
tion of the two Y-chromosome haplotypes of these strains (indi- 
cated by solid and open circles) shows that each is specific to one 
of the semispecies. 





Analysis of genetic variation in wild mouse populations affect- 
ing either nuclear genes (measured by protein polymorphisms) 
or maternally inherited cytoplasmic DNA (that is, mitochondrial 
DNA RFLPs) has revealed the existence of extensive poly- 
morphism in most systems, These differential patterns allow a 
clear biochemical distinction to be made between different taxo- 
nomical units and show that a variety of interrelationships exist 
between the different groups’. In contrast, an analysis. of the 
RFLPs of mitochondrial DNA in common inbred laboratory 
strains shows little variation, suggesting that these strains may. 
in fact be derived from a single М.т. domesticus female lineage“. 
This implies that the extensive nuclear variation which exists, 
as evidenced by protein polymorphisms, could have been intro- 
duced through the males. One way to assess this contribution 
is to examine RFLPs of the mouse Y chromosome; this chromo- 
some is unique in that normally it can be transmitted only via 
the male, it remains haploid in the genome and shows only a 
very limited amount of meiotic recombination. with other 
chromosomes’. Polymorphisms characteristic of one population 
would therefore tend to become fixed on the. Y chromosome. 

We have shown recently that Y-specific DNA probes can be 
obtained from Y chromosome-enriched DNA libraries* 9. We 
have cloned two independent complementary DNA libraries | 
from mouse metaphase. chromosomes enriched for the Ү 
chromosome by flow sorting according to the methods described 
by Baron et al.''. A random probe (pY353/B) consisting of a 
1.5-kilobase (kb) fragment was isolated from one of these. o 
libraries; when used to probe EcoRlI-restricted genomic blot ^... 
from inbred male and female C57BL/6 mice under either strin- 
gent or non-stringent conditions, pY353/B hybridized with the 
male alone. In addition to the cognate 1.5-kb band, the probe 
detects four homologous bands of —5, 7, 9.5 and 15 kb and 
therefore forms part of a small multi-sequence family. pY353/B 
reacts with the male teratocarcinoma cell line PCC7 but not 
with the male teratocarcinoma line PCC4 which has lost the Y 
chromosome during culture (data not shown). Therefore, we 
consider this probe to be Y chromosome-specific. 

To assess the Y-chromosome polymorphisms that exist in the 
wild, we used a panel of DNAs from 10 newly established 
incipient inbred strains; these lines were derived from mice 
caught at the locations shown in Fig. 1 and subsequently inbred 
for a minimum of seven generations. The mice fall into the two: 
well established European groups М.т. domesticus and М.т... 
musculus. These.groups can be distinguished taxonomically or 
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Fig.2 Hybridization of pY353/B to DNAs from male mice. DNA 
was extracted from individual male mice and digested with either 
Mspl or Hindili. DNA (10 ug) was then separated on either 0.7% 
(a) or 0.8% (b) agarose gels and transfered to a Zetapore filter 
membrane. pY353/B was labelled to an approximate specific 
activity of 2.x 10° c.p.m. pg! with ?P by nick-translation and used 
to probe the blots. Hybridization was at 42°C for 16h in 50% 
formamide, 5 x SSC, Blots were washed three times for 30 min each 
at 68 °C in 2x SSC, 0.1% SDS, followed by three times for 30 min 
each at 68°C in 0.1 xSSC, 0.1% SDS. Filters were then exposed 
to Kodak X-ARS film for 16-20 h at -70°C. Approximate sizes in 
kilobase (kb) are shown at the right. Mouse lines DGD, DBV, 
22CD, WLA, BG and DBP are of M.m. domesticus type; lines 
MAI, МВК, MYL and PWK of М.т. musculus type. a (Mspl 
5vdigestion) shows that laboratory strain C57BL/6 exhibits three 
oy bands of ~6.6, 7.0 and 8.0 kb characteristic of М.т. musculus. b 
(Нінай digest) again shows that C57BL/6 exhibits the М.т. 
musculus characteristic 10- and 12-kb bands. Re-probing the blots, 
after dehybridization, with a cloned mouse H-2 cDNA probe 
showed that the lanes-do not contain exactly equal amounts of 
DNA. The weaker signal seen with WLA results from underloading. 









"more recently on the basis of multiple biochemical markers’; 
they are parapatric ( M.m. domesticus is found in western and 
southern Europe, M.m. musculus in central and eastern Europe) 
<> and meet along a narrow hybridization zone^*. We believe the 
_ two groups represent semispecies within the complex Mus mus- 
-culus rather than subspecies, as important restrictions to genetic 
introgression reduce the hybrid zone to a narrow geographical 
area; this prevents the formation of a genetic continuum charac- 
teristic of subspecies interaction. 
DNAs from single male and female mice were digested with 
.. EcoRI, Tagl, Msp! or Hindlll, separated on agarose gels and 
transferred to a Zetapore membrane. pY353/B was labelled 
_.. with ?P by nick-translation and used to probe the genomic 
blots. After washing at 68°C in O.1xSSC we detected no 
| hybridization with-any of the female DNAs (data not shown) 
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Fig.3 Hybridization of pY353/B to genomic blots of nine esta 
lished inbred laboratory mouse strains. Genomic blots. were per- 
formed as described in Fig. 1 legend. The laboratory mouse strains 
are all maintained at the Institut Pasteur. Strains are (from left to: 
right) A/J, BALB/c, C57BL/6, CBA/H, C3H, DBA/2, SJL, 
129/sv, 163H and CS7BL/6 female. Strain 163H is included as 
male fibroblasts from this line were used to flow-sort the Y (manus: 
script in preparation). а, The result of probing an MspI genomic 
blot (0.8% agarose) with pY353/B. All strains tested show the 
Characteristic M.m. musculus banding pattern except SJL, which 
shows the М.т. domesticus pattern. The result is confirmed by b 
(Hind digest, 0.7% agarose) in which all-strains show the typical 
M.m. musculus pattern except SJL, which shows the characterist 
М.т. domesticus. pattern. of hybridization. Re-probing the: blots 
with a cloned mouse H-2 cDNA probe showed that the lanes: 
contained equivalent amounts of DNA. Therefore, the weaker 
hybridization intensity seen in the A/J and DBA/2 tracts is not 
due to loading differences but probably represents variations in © 
copy number. 


whereas pY353/B hybridized to all male DNAs. No difference 
could be detected between any of the mice on the EcoRI or: 
Taqi blots but a clear dimorphism was seen on either the MspI 
or Hindlll digests (Fig. 2a,b). Neither Tagl nor HindIII cuts 
within the probe whereas MspI does. The polymorphic forms 
coincided exactly with the semispecies designation: АП Мут; 
domesticus mice carried one form, M.m. musculus the alternative 
form. There was no significant variation within: 
using either enzyme. Thus, this probe can be used 










between the Y chromosomes of M.m. domesticus and М.т. 
nüsculus. Surprisingly, the Y chromosome carried by the labora- 
y reference strain C57BL/6 showed the characteristic patterns 
„т. musculus on both the MspI and HindIII digests. This 
ig Was unexpected as it is generally assumed (and mito- 
ondrial data support this assumption) that the. laboratory 
strains were derived from M.m. domesticus. 

"t To determine whether C57BL/6 is exceptional in this respect, 
we. probed both HindIII] and MspI genomic blots of nine com- 
= monly used established inbred laboratory mouse strains with 
-p¥353/B. The polymorphic patterns obtained (Fig. 3a,b) show 
“that the Y carried by SJL is of the M.m. domesticus type whereas 
all the other strains tested (A/J, BALB/c, C57BL/6, СВА/ Неј, 
C3H,.DBA/2, 129/sv and 163H) are clearly М.т. musculus- 
"derived. The latter strains of mice must therefore be considered 
as genetic hybrids between two semispecies, with the maternal 
+ Contribution derived from М.т. domesticus and the paternal 
geneticinformation derived from M.m. musculus. Further genetic 
studies (which are in progress) should reveal the extent of the 
hybrid characteristics and show whether they are restricted 
| to the Y chromosome or not. These data suggest that the Y- 
;ehromosome polymorphism involving SJL reported recently"? 
ay result from the semispecies origin of the Y and not strict 
| intraspecies polymorphism. In fact, no Y-chromosome RFLPs 
"were detected in the new wild-derived M.m. domesticus and 
“Mom. musculus lines; this could be related to the nature of the 
probe as it has been shown that the highly repeated cloned Bkm 
"probe" is extensively polymorphic both in wild and laboratory 
mouse strains (K. Jones, personal communication). 

^ We consistently found that the intensity of hybridization of 
-pY353/B to the A/J and DBA/2 inbred strains was 2-4 times 
less than that to the other strains, despite the blots containing 


























































ons (0.1 X SSC, 68 °C), this difference probably represents a 
ipy-number polymorphism rather than sequence divergence. 
liminary data using DNA from a mouse carrying a par- 
iy deleted Y chromosome (supplied by P. Burgoyne and E. 
mpson) suggest that large blocks of DNA carrying this 
“sequence are dispersed on the mouse Y chromosome (C.E.B., 
unpublished observations). It remains to be determined whether 
these copy-number polymorphisms arose during the establish- 
ment of the strains or whether they were present in the males 
which started the lines. 
Historically, most of the laboratory mouse strains studied 
‘here (with the notable exception of SJL) are known to have 
originated from domesticated mice of North European and 
North American pet dealers and mouse fanciers. These mice 
were a mixture of locally caught North European (presumed 
M.m. domesticus origin) mice, subsequently carried across the 
Atlantic to North America, and imported ‘fancy’ Chinese and 
Japanese mice'^". If the М.т. musculus type Y chromosome 
described here originated from the European mice it would 
imply that some M.m. domesticus wild mice carry the M.m. 
musculus Y chromosome. Although we have been unable to 
show any such exchanges in the wild mice studied so far, they 
mainly originate from South-East Europe where such exchanges 
might not occur. It is known that M.m. domesticus and M.m. 
musculus mice hybridize in Europe (Fig. 1) and that in Scan- 
- dinavia and Denmark there is a considerable one-way mito- 
chrondrial gene flow northeastwards from M.m. domesticus into 
© М.т. musculus’. In the southeastern part of the hybrid zone 
¿this flow is reversed, occurring in the М.т. musculus to М.т. 
domesticus direction". We are at present surveying a very large 
;European mouse population to determine whether there is a 
Y-chromosome gene flow between the semispecies. 
Alternatively, the M.m. musculus type Y could have been 
introduced through the Chinese or Japanese mice. In this regard, 
Bonhomme et al. have recently shown, using numerous bio- 
Chemical markers, that the Asiatic subspecies Mus musculus 


port this view!5. If this 


molossinus (found in China and Japan) is closely related to. 
М.т. musculus*. Mitochondrial DNA polymorphisms also sup- 








imilarity extended to the Y: chromo: 
some, it could provide a simple explanation for the presence of 
а М.т. musculus type Y in the laboratory mouse strains, that. 
is, being derived from the subspecies M.m. molossinus. 

Whatever the origins of the Y chromosome, these data are of 
particular importance in studies involving hybrid genomes. 
Eicher et al. have reported that C57BL/6 differs from M.m. 
domesticus at an autosomal locus involved in gonadal determina- 
tion and development (fda-1) as well as at the Y-localized 
testis-determining locus (Tdy)!’. On the basis of the findings 
reported here, it seems. probable that both Тау and tda-1 in 
C57BL/6 have co-evolved from M.m. musculus. The partial or 
complete sex reversal reported can be interpreted as a result of 
the inability of a M.m. domesticus Y chromosome to interact 
with the M.m. musculus tda-1 locus. If this were true it would 
predict that the introduction of a Y from M.m. musculus into 
the C57BL/6 genome would not result in sex reversal, but the 
introduction of the SJL Y into the C57BL/6 genome would. 
Experiments are in progress to test this. 

C.E.B. was in receipt of an INSERM Poste Orange grant. We 
thank Dr M. Goldberg and P. Metezeau for flow-sorting exper- 
tise, and acknowledge the support and advice of Drs M. Fellous, 
P. Avner, J. L. Guenet, P. Baldacci, G. Langsley, I. Garner and 
C. Rijnders. 
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Since the discovery of transcription enhancer sequences in the 
genomes of the DNA viruses simian virus 40 (SV40)'~ and poly- 


oma virus“, these elements have been shown to play an important . - 


part in the control of both viral and cellular gene expression ^ 1°, 


Enhancer elements act in cis to increase the amount of RNA 
produced from linked genes in a manner largely independent of 
distance and orientation! *'^?, The mechanisms by which enhan- 
cers act are not understood; in particular, it is not known whether 
the enhancer-dependent increase in the level of stable RNA reflects 
an increase in the rate of transcription. To address this question, 
we have used an in vitro nuclear transcription assay! 3!“ to examine 
the effect of the SV40 enhancer on transcription of cloned human 
B-globin genes transiently introduced into HeLa cells'5. We show 
here that the SV40 enhancer acts at least in part to increase the 
number of RNA polymerase Il molecules transcribing the linked 
gene. 





UK. 
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Fig.1 Maps of the a- and B-globin gene plasmids used in HeLa" 
cell transfection studies. Plasmids were constructed by standard 
procedures using the zVX miniplasmid as the parental plas- 
mid'^?, The two miniplasmids zSVHN (no enhancer) and 
TSVHNE (with enhancer) are shown at the top of the figure. Open 
boxes represent SV40 sequences, with the origin of DNA replica- 
tion (ORI) and the enhancer sequence (72-bp repeat) indicated. 
The enhancer fragment contains SV40 nucleotides 272 ( Prull site 
converted by ВЕІ linker) to 100 (XhoI linker converted to 
Ніпа). The 7VX plasmid vector sequences are shown as wavy 
lines, the polylinker as thin lines. The human [8- and a-globin 
genes used are shown at the bottom, with the exons indicated 
by the shaded boxes, and introns and flanking sequences by thick 
lines. The 8-globin promoter elements CACCC, CCAAT and 

‚ АТА!#”” are indicated. The B-globin plasmids lacking the SV40 
enhancer, 7zSVHNBA128, *SVHNB4A33 and 7SVHN£46, and 
the enhancer-containing B-globin plasmids | zSVHNgBAI28E, 
TSVHNBA33E and 7SVHNBAGE contain the 8-globin genes on 
a HindllI- Pstl fragment inserted between the corresponding sites 
in the polylinker sequences of 7SVHN and 7SVHNE. The g- 
globin deletion mutants were constructed as described pre- 
viously’*?°, and contain 128, 33 and 6 bp of 5’ flanking sequence 
of the B-globin gene. The a-globin plasmids 7SVHNa A118 and 
TSVHNaAII8E were constructed by inserting the BamHI 
(artificially introduced at position —118) to PstI fragment of the 
human a,-globin gene between the BglII and Pst] sites of the two 
miniplasmids. The locations of relevant restriction enzyme cleavage 
sites are shown: R, EcoRI; Pv, Pvull; Н, Hindlll; X, Xbal; Bg, 
Ве; P, PstI; B, BamHI; №, Ncol; sites underlined were de- 

stroyed during plasmid construction. 








We first evaluated the effect of the SV40 enhancer on the 
accumulation of 8-globin RNA using the S, nuclease mapping 
procedure. HeLa cells were transfected with plasmids carrying 
a human f-globin gene'^!5 with or without the SV40 enhancer 
(Fig. 1), and stable RNA was analysed 48 h after transfection. 
The DNA fragment containing the enhancer does not include 
sequences sufficient for SV40 early or late promoter function. 
As an internal reference, a plasmid containing the human a- 
globin gene was also included in the transfection mix. Figure 
2a shows that the presence of the SV40 enhancer next to the 
intact B-globin promoter increases the amount of correctly initi- 
ated RNA produced by two to three orders of magnitude''!* 
(compare lane 1 with lanes 2-4). 

| We next isolated nuclei from transfected cells and incu- 

bated them with *P-labelled ribonucleoside triphosphates under 
conditions in which only limited elongation of previously ini- 
tiated RNA chains occurs" (see Fig. 3 legend). The amount of 
in vitro-synthesized, labelled RNA specific for the a- or B-globin 
genes or vector DNA was determined by hybridization of 
partially fragmented RNA to a large excess of double-stranded 
DNA fragments immobilized on nitrocellulose!*", The amount 
of radioactive RNA that hybridizes to a given fragment reflects 
the number of previously initiated RNA polymerase molecules 
present on the corresponding region of the transfected plasmid 
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Fig. 2 Effect of the SV40 enhancer on the amount of accurately’ ; 
transcribed 8-globin RNA in transfected HeLa cells. HeLa cells 
were transfected with 20 ug of plasmid DNA per 9-cm dish and: 
the RNA was analysed by S, nuclease mapping procedures". Each 
transfection included an equal mass of a human a-globin gene 
plasmid to serve as an internal reference. Unless otherwise stated, 
40 ug of total cell RNA was used for each assay. The positions of 
nuclease-resistant DNA fragments mapping the 5' ends of correctly - 
initiated globin transcripts are indicated; — or + indicates the 
absence or presence, respectively, of the SV40 enhancer on tlie: 
B-globin plasmid. The plasmids used contain B-globin genes with 
128 (WT), 33 (433) and 6 (46) bp of 5' flanking sequence. a, Effect : 
of the SV40 enhancer on the 84128 (intact promoter) and 433. : 
(deleted upstream element? B-globin genes. The a-globin plasmid 
aSVHSa1 (ref. 15), which does not contain an SV40 enhancer, 
was used as a reference. Lane 1, plasmid 7SVHNB84A128; lane 2, 

plasmid tSVHNBA128E; lane 3, plasmid #SVHNBA128E, but. 
the hybridization included only 4 ug of RNA; lane 4, 1/10 of the 
S, nuclease-resistant counts loaded in lane 3; lane 5, plasmid. 
TSVHN4A33; lane 6, plasmid 7SVHNBA33E. In lanes 3 and 5, 
the a-globin probe was omitted from the hybridization reaction 
b, Effect of the SV40 enhancer on ће 84128 (intact. promoter) 
and 8А6 (no promoter) globin genes. The a-globin gene plasmid 
TSVHPa?2 (ref. 26), which contains an SV40 enhancer, was used 
as an internal reference. Lane 1, plasmid mSVHNBA128; lane 2, . 
plasmid zSVHNBAI128E; lane 3, plasmid 7zSVHNgA6; lane 4, 

plasmid zSVHNBAGE. RNA which apparently initiates within the 

5'-noncoding region of the gene is indicated by the arrows. to the — 
right of lane 4. Cell culture, DNA transfection and $, nuclease 

mapping procedures have been described previously'***, The 

single-stranded [5'-?P]-labelled probes were: B-globin, Haelll- 

MstiI*, nucleotides —76 ta +70; a-globin, Hhal (artificially con- 

structed; R.T., unpublished) to BssHII*, nucleotides ~11 to +97. 















































DNA". The results of such a nuclear transcription experimen’ 
are shown in Fig. 3; in this experiment HeLa cells were: 
transfected with 8-globin plasmids that differ by the presence 
or absence of the SV40 enhancer sequence, together with а. 
plasmid containing the human .a-globin gene as an internal 
reference. Both globin and vector-specific RNAs were readily 
detectable after in vitro elongation of preinitiated RNA, and a. 
substantial increase in the amount of B-globin specific RNA 
was observed when the gene was linked to the enhancer (Fig. 
3a, compare lanes 1 and 2). A similar effect was observed wit 

the a-globin gene using the 8-globin plasmid as an internal: 
reference (Fig. 3a, compare lanes 2 and 3). Examination of 
stable RNA showed that in the absence of a linked enhancer; 
the a-globin gene produced readily detectable levels of correctly 
initiated RNA, and that the presence of the enhancer at the 5^: 
side of the gene resulted in a 30:50-fold increase in the amount: 
of RNA produced (data aot shown). When 2 wg тї! a-amanitin ^ 
was included in the nuclear transcription reaction, no globin- 
or vector-specific transcripts were synthesized (Fig. 35, compare. 
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Fig.3 Effect of the SV40 enhancer on nuclear transcription of 
transfected a- and B-globin plasmids. Each ‘lane’ is an 
autoradiogram of a nitrocellulose strip carrying fragments of B- 
globin, a-globin or vector DNA, after hybridization to RNA 
aynthesized in vitro. The identities of the fragments and the presence 
4+) or absence (~) of the SV40 enhancer on each of the transfected 
© plasmids are indicated. a, Effect of the SV40 enhancer on a- and 
:fi-globin nuclear transcription. HeLa cells were transfected with 
the following plasmids: lane 1, TSVHNBA128 + 7SVHNaAII8E; 
lane 2, mSVHN#A128E+ wSVHN@AII8E; lane 3, wSVHNB 
A128bE-- TSVHNaA118. b, Effect of a-amanitin on nuclear tran- 
scription of transfected plasmids. HeLa cells were transfected with 
ZSVHNBAI28E and wSVHPa2 (ref. 26), and nuclear transcrip- 
tion reactions performed either in the absence (lane 1) or presence 
(lane 2) of 2 pg ml”! a-amanitin. Duplicate strips are shown. 
Methods. Nuclei were isolated by hypotonic lysis using a Dounce 
homogenizer (type A pestle) as described previously". Cell lysis 
was evaluated by Trypan blue staining. Nuclei from two 9-cm 
plates of transfected cells were used for each reaction. Isolated 
nuclei were resuspended at 0°C in a total volume of 100 pl, 
comprising 50.41 2 xtranscription buffer’? (50 mM dithiothreitol, 
180mM KCl,10mM MgCl, 20mM Tris-HCl, 50% glycerol, 
| 7.8), brought to 0.25 mM ATP, 0.125 mM GTP, 0.125 mM CTP. 
100 Ci Га-22РЈОТР (410 Ci mmol^!; Amersham) was added to 
each reaction. The nuclei were incubated at 37°C for 5 min; no 
incorporation. occurred after this time. Under these conditions, 
"pre-initiated RNA chains are elongated by 300-500 nucleotides? 
RNA was isolated by protease К treatment, followed by two 
extractions with phenol/chloroform as described previously’: 

- residual DNA was removed by treatment with RNase-free DNase. 
Approximately 5.x 10° to 10’ c.p.m. RNA were routinely obtained. 
Fragmentation of RNA by partial alkali hydrolysis was as described 
;, elsewhere". For analysis of the in vitro-synthesized RNA by strip 
blot hybridization", plasmids 7zSVHNBA128 апа zSVHNaAI118 
(25 yg each) were digested with Xbal and PstI and the fragments 
esolved on a 0 cm-wide 1.2% agarose gel, then transferred to 
: nitrocellulose'*. Duplicate 1 cm-wide strips of nitrocellulose were 
вет hybridized to equal numbers of counts as described ^, washed, 
and exposed to Kodak X-ARS film. 






























TSVHNBA33E (strips 3, 4); c, wSVHNBA6 
(strips 1, 2) or wSVHNBAGE (strips 3, 4). 


Methods; Nuclear transcriptions, RNA preparation and hybridization conditions were as described in Fig. 3 
2 were constructed by insertion of the 1.5-kb PstI fragment of the human a,-globin gene, or a 2.2-kb PstI fragment of the human B-globin gene * 
(from a Pstl linker at the endpoint of the —33 deletion to the Pst! site 500 bp on the 3’ side of the gene) into MI3mp8 in either orientation. 
: * by standard procedures. The M13 DNAs (5 ug) were spotted onto nitrocellulose i in 10 x SSC with a ‘Manifold’ apparatus (Schleicher & Schue 





to RNA pr И. We also verified that reinitiation does 
not occur in the system by performing nuclear incubations in 
the presence of 0.5% sarkosyl or 1 mg mi^! heparin. Although 

these additions slightly diminished the total in vitro RNA 

synthesis, little effect on in vitro synthesis of a- and B-globin 

specific RNA was observed (data not shown). 

These results demonstrate that the SV40 enhancer causes a 
substantial increase іп the number of RNA polymerase IT 
molecules present on linked DNA. However, the experiment 
does not distinguish between in vitro elongation of transcripts 
initiated at the B-globin promoter and the elongation of nascent 
transcripts initiated at other sites in the plasmid DNA. To 
address this problem, we examined the effect of promoter dele- 
tions on -globin gene specific transcription in isolated nuclei. 
Plasmids were constructed in which the enhancer is located at 
the 5' side of truncated B-globin genes containing either 33 base 
pairs (bp) of 5’ flanking sequence (which includes the ATA box, 
but lacks the upstream promoter elements CACCC and 
CCAAT'*'), (plasmids 7SVHN8A33 and wSVHNBA33E; 
Fig. 1) or only 6 bp of 5' flanking sequence (which lacks all 
promoter elements), (plasmids wSVHNBAG6 and 7SVHNBAGE; 
Fig. 1). The transcription of these plasmids in transfected HeLa 
cells was then analysed by S, nuclease mapping and by the 
nuclear transcription assay. The S, analysis (Fig. 2) shows that 
(1) neither of the truncated B-globin genes directs the synthesis 
of detectable levels of correctly initiated 8-globin RNA in the 
absence of a linked SV40 enhancer sequence (Fig. 2a, lane 5; 
Fig. 2b, lane 1); (2) deletion of sequences 5' to the ATA box: 
has essentially no effect on the level of correctly initiated RNA 
produced when the enhancer is in close proximity to the ATA 
box, indicating that the enhancer can compensate for the dele- 
tion of upstream promoter sequences as reported previously for > 
other promoters^"?! (Fig. 2a, lane 6). (We note, however, that 


when the SV40 enhancer is located farther upstream from the. = 


ВАЗЗ gene, or on its 3’ side, virtually no transcription. is 


observed?) (3) Deletion of all promoter elements results in the: . 


loss of correctly initiated B-globin RNA and the concomitant . 
appearance of a small amount of RNA that is apparently initi- 


ated at, or spliced to, sites in the 5’-untranslated region of the — 


gene (Fig. 2b, lane 4). 

Figure 4 shows a nuclear transcription analysis of the B-globin 
promoter deletions. The RNA synthesized in vitro was hybrid-  . 
ized to the separate strands of the В- and a-globin genes cloned ` 
into Mi3mp8. The linkage of the SV40 enhancer to the intact 
B-globin gene increases specifically the amount of transcription 
of the coding (or ‘anti-sense’) DNA strand (Fig. 4a, compare 
strips 1, 2 with 3, 4). A small amount of transcription of the 
noncoding strands of both 8- and a-globin genes was detected, 
even in the absence of a linked SV40 enhancer. We also observed 
a decrease in the number of RNA polymerase molecules on the 
a-globin reference gene when the test B-globin gene was linked 





Fig. 4 А Effect of the SV40 enhancer on nuclear a Enhancer on b Enhancer on C Enhancer on 
transcription of fi-globin promoter deletion B gene В gene 
mutants, Each panel contains pairs of duplicate pwr _ + ВАв ш + 
strips of dot blots on which are spotted recom- P eb d red qM an 
binant M13 phage carrying the sense (S) and EE DNE 3-7 7 «S | 
anti-sense (AS) strands of the a- and B-globin e e n Фе » «^ | 
genes. Bona fide transcripts hybridize with the m е ИА TO 9 prs) 
anti-sense strand. HeLa cells were transfected i 3 Ф: t Net | 
with aSVHPa2 (ref. 26) and a, plasmid E eee) 
5 #SVHNBA128 (strips 1, 2) or TSVHNBAL28E BN. 
(strips 3, 4); b, SVHNBA33 (strips 1, 2) or 1 2 3 12 3 4 







legend. Recombinant M13 phage: 
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“to the enhancer, suggesting that co-transfected enhancers can 
compete for limiting factors in the in vitro transcription assay. 
We do not observe this effect at the level of stable RNA under 
our conditions, indicating that factors that may be limiting in 
vitro are not limiting in vivo. Others have reported enhancer 

“. Competition in vivo using different transcription units and trans- 
fection conditions”. In agreement with the observation that 

deletion of the g- globin upstream elements in plasmid 

с ®SVHNBA33E does not affect the accumulation of stable RNA, 
* we find that the behaviour of this plasmid in the nuclear tran- 

_ Seription assay is identical to that observed with the plasmid 
: carrying the intact B-globin gene (Fig. 4, compare a and b). A 

strikingly different result was obtained when all the B-globin 

promoter elements were removed (Fig.4c). Again, a small 
amount of in vitro transcription of both strands of the truncated 
gene was detected even in the absence of a linked enhancer 
sequence. However, linkage of the SV40 enhancer sequence to 
the gene lacking promoter elements resulted in à small increase 

1 in transcription of both DNA strands (Fig. 4c, compare strips 

(01,2 with 3, 4); this increase may result from the activation of 

normally silent ‘cryptic’ start sites such as that observed in the 

5'-untranslated region of the 8-globin gene (Fig. 2b, lane 4). 

We conclude that enhancer effects seen in the nuclear transcrip- 

tion assays do depend on known promoter elements of the 

B-globin gene, and therefore relate to the production of bona 

fide 8-globin RNA. 

We have demonstrated here that the SV40 enhancer causes 

“oan increase in the number of RNA polymerase II molecules 
engaged in the transcription of linked DNA. The increase is 

dependent on known components of the 8-globin gene pro- 

moter'*?, It was reported previously that deletion of the 


` adenovirus 2 ЕТА enhancer causes a reduction in synthesis of 


EIA RNA measured in pulse labelling experiments”. Our 
Observations exclude the possibility that the enhancer acts solely 
to allow stabilization of nascent transcripts. The magnitude of 
the enhancer effect observed in the nuclear transcription assay 
appears to be smaller than the two to three orders of magnitude 
effect on the level of stable RNA (compare Figs 2 and 3). 
= Moreover, the 10-20-fold difference in the effect of the SV40 
:enhancer on the production of stable a- and B-globin RNA’ 
is apparently not observed in the nuclear transcription assay. 
However, accurate quantitation of enhancer effects in the in 
vitro nuclear transcription assay is difficult. At least some of the 
low level of a-globin nuclear transcription observed in the 
absence of a linked enhancer sequence (Fig. 3a) must be due 
_ to elongation of correctly initiated RNA, as this plasmid does 
produce easily detectable levels of stable a-globin RNA (data 
not shown; see ref. 15). It is possible, however, that the low 
level of B-globin nuclear transcription observed in the absence 
of a linked enhancer does not represent elongation of RNA 
initiated at the correct B-globin cap site. This possibility is 
suggested by the observation that nuclear transcription in the 
absence of the enhancer is not significantly dependent on the 
B-globin promoter (Fig. 4, compare a and c). The magnitude 
of the effect we observe therefore provides a minimum estimate 
of the actual effect of the enhancer on polymerase loading. We 
cannot exclude the possibility that the enhancer also acts at 
levels other than transcription initiation to increase the produc- 
tion of stable RNA. 
R.T. was supported by a special fellowship from the Leukemia 
Society of America Inc. This work was supported by a NIH 
grant to T.M. 


z: Received 8 February; accepted 7 March 1985. 


1. Banerji, J., Rusconi, S. & Schaffner, W. Cell 27, 299-308 (1981). 

2; Moreau, Р. et al Nucleic Acids Res. 9, 6047-6068 (1981). 

3. Fromm, M. & Berg, P. J. molec. appl. Genet. 1, 457-481 (1982). 

4. de Villiers, J., Olson, L., Tyndall, C, & Schaffner, W. Nucleic Acids Res. 10, 7965-7976 (1982). 
3. Gruss, P. & Khoury, G. Cell 33, 313-314 (1983). 

6. Banerji, J, Olson, L. & Schaffner, W. Cell 33, 729-740 (1983). 

2. :Gillies, S. D, Morrison, S. L., Oi, V. & Tonegawa, S. Cell 33, 717-728 (19831. 
“Neuberger, M, S. EMBO J. 1373-1378 (1983). 

Chandler, У. L, Maler, B. A. & Yamamoto, K, R. Cell 33, 489-499 (1983). 

Gluzman, Y, & Shenk, T. Enhancers ond Eukaryotic Gene Expression (Cold Spring Harbor 
boratory, New York, di. : 


















Hi. Wasylyk, B., Wasylyk, C., Augerau, P. & Chambon, P. Cell 32, 503- 514 (1983). 

12. de Villiers, m Olson, L., Banerj:, J. & Schaffner, W, Cold Spring Harb. Symp. quant. Biol 
47, 911- 919 (1982). 

13. Weber, J., Jelinek, W. & Darnell, J. E. Cell 10, 611-616 (1977). 

14. Groudine, M., Peretz, M. & Weintraub, H. Molec. Cell Biol 1, 281-288 (1981), 3 

15. Treisman, R. H., Green, М. R. & Maniatis, T. Proc пат. Acad. Sci, U.S.A, 80, 7428-2432 
(1983). i 

16. Little, P. F. R., Treisman, R., Beirut, L., Seed, B. & Maniatis, T. Molec. Biol. Med. 1, 473-488 
(1984). TE 

17. Birg, F., Favaloro, J, & Kamen, R. Proc. natn, Асай Sci. U.S.A. 74, 3128-3132 (1977). 

18. Dierks, P. et al Cell 32, 695-706 (1983). 

19. Grosveld, G. C., de Boer, E., Shewmaker, C. К. & Flavell, R. A. Nature 295, 120-126 (198237. 

20. Pelham, Н. В. B. Cell 36, 517-528 (1982). 

21. Hen, R., Sassone-Corsi, P., Corcen, J., Gaub, M. P. & Chambon, P. Proc. nam, Acad. Set 
U.S.A. 79, 7132- 7136 (1982). | 

22. Green, M. R., Treisman, R. H. & Maniatis, T. Cell 38, 137-148 (1983). 

23. Scholer, Н. R. & Gruss, Р. Cell 36, 403-411 (1984). 

24. Hearing, P. & Shenk, T. Cell 30, 517-528 (1983). 

25. Seed, B. Nucleic Acids Res. 11, 2427-2443 (1983). 

26. Treisman, R. H., Orkin, 5. Н. & Maniatis. Т. Nature 302, 591-596 (1983). 

27. Favaloro, J. M., Treisman, R. Н. & Kamen, R. Meth, Enzym. 65, 718-749 (19801. 

28. Busslinger, M., Moschonas, N, & Flavell, R. A. Cell 27, 289-298 (1981). 

29. Hofer, E. & Darnell, J. E. Сей 23, 585-593 (1981). 

30. Southern, E. M. /. molec. Biol. 98, 503-517 (19751. 








Simian virus 40 enhancer i increases 
RNA polymerase 
density within the linked gene 


Frank Weber & Walter Schaffner 


Institut für Molekularbiologie I] der Universitat Zürich, 
Honggerberg, CH-8093 Zürich, Switzerland 





Enhancers are regulatory DNA elements, usually about 200 base 
pairs (bp) long, which are able to stimulate transcription of linked 
genes in eukaryotic cells"?. This activation can be exerted over 
large distances, and from a position 5' or 3 to the gene’. Enhancers 
have been identified in viral репотеѕ' and cellular genes'^75,- 
Using a transient expression assay, we have analysed transcription 
of the rabbit 8-globin gene and the thymidine kinase gene from | 
herpes simplex virus with and without a simian virus 40 (SV40): 
enhancer. S, nuclease mapping shows a high level of specific 
transcripts when the genes are linked to the enhancer. To determine : 
whether this increased number of transcripts is due to a higher 
transcription rate, or perhaps to a shift from nonspecific to specific 
initiation, we have performed run-on transcription assays with 
isolated nuclei. Our results, presented here, demonstrate that.the 
SV40 enhancer increases the RNA polymerase density within the — 
linked gene. Therefore, enhancers apparently increase the rate of 
transcription initiation without influencing the specificity of initi- 
ation. 

To study the enhancer effect on polymerase II transcription 
units, we constructed clones containing the rabbit B-globin gene © 
and the herpes simplex virus (HSV) thymidine kinase (tk) gene E 
with and without the SV40 enhancer (see Fig. 1). : 

The rabbit 8-globin and the HSV tk genes, which were pre- 
viously shown to respond to an enhancer'*, were cloned as 
2-kilobase (kb) fragments into the plasmid pUC9 (ref. 16). The: 
SV40 72-bp repeat enhancer was cloned as a 195-bp fragment! ^! * 
71.5 kb downstream of the respective promoters. 

To demonstrate enhancer-dependent expression of the їмо 
genes, we transfected the clones into human HeLa cells, using 
the calcium phosphate co-precipitation method!*?, RNA was 
extracted after 2 days and analysed by S, nuclease mapping. 
The 5, analysis clearly shows that the enhancer stimulates the 
level of transcription of the B-globin and tk genes ~40-fold and 
15-fold, respectively (Fig. 2). The effect on B-globin transcrip- 
tion, however, is less pronounced than in previous experiments 
in which stimulation by the SV40 enhancer was ~200-fold'. This 
difference results mainly from an increased level of transcripts 
in the absence of an enhancer when using the pUC vector instead 
of the previously used pBR322 (data not shown), and was not 
analysed further. 

An analysis of both the 5' and 3' ends of the rabbit B-globin 
transcripts demonstrates correct initiation, 3’ processing and 
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Fig. 1 Maps of recombinant DNAs and schematic representation 
of the S, nuclease mapping probes used. a, pUB: the 2-kb Bglll 
fragment of the rabbit B, -globin gene” was cloned into the BamHI 
site of pUC9 (ref. 16) so that the direction of transcription of the 
-globin gene was opposite to that of the lacZ gene contained in the 
plasmid. ртк: the 2-kb Poull fragment of the HSV tk репе? was 
first subcloned into the polylinker of pUC8 and thereafter excised 
as a BamHI fragment for insertion into pUC9. The clones contain- 
ing a 195-bp insert of the SV40 enhancer'”'* were called pUBE 
and pTKE, respectively. b, A B-globin gene lacking both interven- 
ing sequences was used to prepare the radioactive probes. To map 
B-globin transcripts, DNA was end-labelled at the BamHI site 
using either T4 polynucleotide kinase (for 5'-specific probe) or the 
Klenow fragment of DNA polymerase I (3'-ѕресібс probe). c, DNA 
was labelled at the BglII site to obtain a 5'-specific rk gene probe. 


: splicing of the two introns during maturation of messenger RNA, 
ndependent of whether an enhancer was present or not (Fig. 
2a, b). Also, the tk mRNA expressed from pTK and pTKE has 
| correct 5’ end (Fig. 2c). The enhancer, therefore, does not 
apparently influence the specificity of initiation or the processing 
of the pre-mRNAs. 

However, S, nuclease analysis measures only the steady-state 
level of stable transcripts. In particular, the presence of a clean 
S,-protected band does not rule out the possible existence of a 
wealth of nonspecific unstable transcripts from the same gene. 

To determine whether an enhancer shifts the equilibrium from 
‚ nonspecific to specific transcripts”, or whether it increases the 
rate of gene transcription, we measured the RNA polymerase 
7 П density. To this end, we have determined the enhancer effect 
by a run-on transcription experiment in isolated nuclei^ ^; this 
technique is widely used to determine the polymerase density 
on an endogenous gene of defined copy number. 

It is known that the enhancer effect is not due to differential 
uptake of the DNA'; in particular, the effect is also seen when 
defined numbers of molecules are injected into cells^? and when 
template molecules with and without enhancer are replicated 
to high copy numbers using COS cells (refs 20, 23, 24 and 
T. Gerster and W.S., unpublished). Therefore, the run-on tech- 
nique is also applicable to the study of transcription in a transient 
assay^. The combination of the transient expression system with 
-a nuclear run-on assay offers several advantages: for example, 
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Fig. 2 Enhanced 8-globin and thymidine kinase transcription. а, 
Hybridization of a 5'-specific B-globin probe (Fig. 15) to 20 ig of 
RNA from HeLa cells transfected with: recombinant pUf (lane 
1); pUBE (lane 2); pU, linearized with Нїп 4111 (lane 3); pUBE, 
linearized with Hindili (lane 4). M, End-labelled marker DNA 
fragments (pBR322 cleaved with Hpall). fl, Full-length probe (453 
nucleotides); ct, correct terminus (354 nucleotides). b, Hybridiz- 
ation of a 3'-ѕресібс B-globin probe to 20 ug RNAs of the same 
transfections as in a. ct, 240 nucleotides. c, Hybridization of a 
5'-specific tk gene probe (Fig. 1c) to 20 pg RNA from HeLa cells 
transfected with recombinant pTK (lane 1) and pTKE (lane 2). fl, 
270 nucleotides; ct, 54 nucleotides. 
Methods. Tissue culture cell lines were grown and transfected as 
described previously". As a control for transfection efficiency, а 
‘tracer’ gene was added to one of two duplicate plates: (1) A clone — - 
containing the SV40 T-antigen gene under the control of the 
adenovirus major late promoter and an SV40 enhancer was mixed 
1:100 with the appropriate B-globin clone. Two days post-transfec- 
tion, the cells in the plate co-transfected with tracer were fixed and 
stained for T-antigen by immunofluorescence. (2) The cells in the 
plate without tracer were collected for RNA extraction. Similar 
numbers of stained nuclei were observed independent of the globin 
construct used (523 T-antigen-positive per 14,000 cells and 509 
positive per 13,000 cells with pUB and pUBE, respectively). This 
finding was corroborated by Southern blot analysis of nuclear : 
DNA from transfected HeLa cells, which yielded equal amounts 
of cloned DNA present within the nuclei (not shown). RNA 
analysis was performed as described elsewhere?'??, End-labelled 
single-stranded DNA (see Fig. 1b, c) was hybridized to unlabelled 
RNA, treated with S, nuclease, denatured, fractionated by gel 
electrophoresis and autoradiographed. 





the rate of transcription within different cloned and mutagenized 
genes can be. compared, which is particularly useful with 
mutants possibly affecting mRNA stability or transcription 
termination of mRNA (for the latter case see below and Fig. 3). 
Nuclei of HeLa cells transfected with our B-globin and (К. 
clones were isolated and digested with RNase A. Pre-initiated ..- 
RNA was then elongated in vitro for 10 min in the presence of 
[a-"? PJrGTP, giving rise to labelled RNA molecules ~200-300 
nucleotides long (Fig. За). As RNA polymerase П appears to. . 
protect ~60 nucleotides from nuclease digestion, the in vivo 
elongation rate is ~15-20 nucleotides per min in HeLa nuclei; 
this rate is much lower than that found in vivo but is in good’. - 
agreement with previous in vitro studies". 
The labelled RNA was then hybridized to dot-blots of cloned 
DNA. The dot hybridization signals in the run-on assays are. 
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Fig. 3 Run-on assays also reveal the enhancer effect. a, RNA 
from nuclei which had been treated with RNase A and labelled in 
vitro was isolated and subjected to denaturing polyacrylamide 
(6% ) gel electrophoresis. Cells transfected with pU (lane 1) and 
». pUBE (lane 2) show a similar size distribution of in vitro elongated 
г nuclear RNA; M, end-labelled marker DNA fragments (pBR322 
;cleaved with Hpall). b, Unlabelled DNA of pUC9 and pcg (rabbit 
. B-globin cDNA) was denatured, spotted onto nitrocellulose mem- 
brane and hybridized to 410° c.p.m. (lanes 1 and 2) or 12x 
10° c.p.m. (lanes 3 and 4) of nuclear RNA from cells transfected 
with: pUB (lane 1); pUBE (lane 2); pUB linearized with HindIII 
(lane 3); pUBE linearized with HindIII (lane 4). c, Hybridization 
of pUC and ртк DNA to 6x10*c.p.m. of in vitro elongated 
ү nuclear RNA from cells transfected with pTK (lane 1) and pTKE 
(lane 2). HeLa cells were transfected as described previously!5. 
The nuclei were isolated 36h post-transfection as described”! , 
except that divalent cations were omitted from the buffers. Run-on 
assays were performed as published elsewhere", 








expected to be proportional to the polymerase densities as 

RNase A treatment of the nuclei before in vitro elongation 
| removes the pre-existing different amounts of unlabelled RNA 
. and thus avoids competition of the mature mRNA with nascent 
transcripts". We found that nuclear RNA from cells transfected 
_owith pUBE or pTKE hybridizes strongly to rabbit B-globin 
complementary DNA or tk DNA, respectively, whereas nuclear 
| RNA from pUB- or pTK-transfected cells hybridizes only 
: weakly (Fig. 3b, c), in agreement with the S, nuclease mapping 
assays shown in Fig. 2. 

The nuclear RNAs hybridize ~10% as strongly to plasmid 
vector DNA as f-globin or tk gene sequences (Fig. 3b, c), 
< indicating (1) that the enhancer primarily stimulates transcrip- 
tion from the B-globin or tk promoter rather than from 
.:pseudopromoters within plasmid sequences, and (2) that there 
_ is efficient transcription termination preventing readthrough into 
plasmid DNA. 

In agreement with our S, nuclease mapping data (Fig. 2), 
milar results were obtained whether transfection was per- 






























formed using circular or linear DNA (Fig. За, b; the latter 
probably ligated within che transfected cells!*). ^ 
Thus, our results indicate strongly that an enhancer increase 
the RNA polymerase 11 density on a gene to which it is linke 
that is, the enhancer facilitates transcription by increasing the 
frequency of initiation. In particular, the enhancer does not 
seem to shift the equilibrium from nonspecific to specific tran 
Scripts, as could have been inferred from the work of Humphrie: 
et al^, These authors studied the expression of human а= B- 
and 5-globin genes using vectors containing an SV40 replicon”? 
and were struck by the high levels of nonspecific transcripts. 
in the absence of an enhancer. However, we consider it likely: 
that the high level of nonspecific’ -globin transcripts is а 
peculiarity of their assay conditions. With replicating SV. 
templates, there can be a considerable fraction of nonspecifi 
transcripts from multiple scattered initiation points" which: ars 
perhaps related to the multiple initiation sites of SV40 là 
transcripts”. | $ 
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Erratum 


Functions of the canal system in the 
rotaliid foraminifer, 
Heterostegina depressa 


R. Rottger, M. Spindler, R. Schmaljohann, 
M. Richwien & M. Fladung 
Nature 309, 789-791. (1984) 


ON page 789, the last sentence of the second paragraph should 
tead “We have examined the symbiont-bearing Recent num- | 
mulitid, H. depressa, in which the canal system within the. 
chamber walls and within the marginal cord replaces the primary. 

aperture seen in other foraminifera.” 
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A PARADOX touches the study of 
intelligence. The subject is controversial — 
so controversial that it would be difficult 
to find even two psychologists who com- 
pletely agree with each other on the nature 
of intelligence. Yet the psychologists! work 
in this area has had more impact outside 
the laboratory than anything else that has 
interested them, success which has merely 
increased the controversy. My own suspi- 
cion is that, if it were not for the obvious 
practical uses of these omnipresent tests, 
psychologists would have given up asking 
themselves about the underlying nature of 
intelligence as a far too abtruse and unre- 
warding question many years ago. But the 
very fact that the tests work, and that they 
seem to measure something which could 
reasonably be called intelligence, has posed 
a question which many have found impos- 
sible to resist investigating and trying to 
answer. 

Robert Sternberg is the latest and almost 
certainly the most energetic in a long line 
of people who have devoted their time to 
attempting to say what intelligence means 
and what is responsible for intelligent be- 
haviour. His approach is inclusive, and has 
become more so over the years. In this 
book, which is not his first on the subject, 
he sets out to combine three different 
approaches in what he calls a ‘‘triarchic’’ 
theory of intelligence. In order to under- 
stand why these three approaches have, on 
the whole, not been combined in the past, 
one needs to know something of the history 
of the study of intelligence. 

It goes back to the first two pioneers of 
the intelligence test: Galton, whose tests 
were not a success, and Binet who, in con- 
trast, produced the first effective intel- 
ligence test which has influenced every such 
test devised since then. The reasons for 
Galton's failure and Binet's success are im- 
portant. Galton adopted a theoretical ap- 
proach: he decided that intelligence consists 
of this and that ability and then produced 
tests to measure them. One test, for ex- 
ample, measured the speed of people's 
movements, another how well they named 
colours. These tests were certainly measures 
in the sense that different people produced 
different scores on them, but they did not 
measure intelligence. It soon turned out 
that they bore no relation to educational 
attainment, and that made it difficult to 
believe that they had anything to do with 
intellectual capacity. 

Binet, too, had his theories, as Sternberg 
notes, but he did not let them play much 
part in his tests. His approach was prag- 





matic, and he had one clear guideline. 
Whatever intelligence is, he argued, it 
increases during childhood. So he only 
accepted tests which older children were 
more likely to answer correctly than were 
younger ones. This approach worked. 
Binet's test did predict reasonably well how 
children would manage at school, and every 
other intelligence test since then has had a 
strong, though never perfect, relation to 
educational achievements. 

But this practical success left an arrest- 
ing theoretical vacuum. The tests them- 
selves did httle to reveal the underlying 
nature of intelligence. In the following 50 
years or so the main attempts to fill this gap 
were made by people who used factor ana- 
lysis as their main tool and their answers 
were distinctly uninspiring. They looked 
rather like the first part of a cooking recipe; 
intelligence was held to consist of this 
factor and this one and so on, and there 
was no sense of a system that actually 
worked. Sternberg gives reasonably short 
shrift to these theories. He is concerned 
with the workings of intelligence. 

This is not at all surprising since 
Sternberg comes from a tradition in psy- 
chology which developed quite separately 
from the intelligence testing movement and 
which originally had nothing to do with 
individual differences. The study of infor- 
mation processing is concerned with the 
underlying processes involved in taking in, 
remembering and coordinating information 
about the environment, and its subject mat- 
ter goes from the simplest kind of remem- 
bering or attention through to complex 
logical processes such as making sophis- 
ticated analogies or drawing inferences. 
Sternberg has always argued that this is the 
stuff of intelligence, and most of his work 
has taken the form of forging links between 


studies of information processing and 
studies of differences in intelligence. 

But now he thinks that this is not 
enough. His ‘‘triarchic’’? model is really a 
model of how to approach the question of 
intelligence rather than a fully fledged 
theory about intelligence. He argues that 
we need to know not only about the com- 
ponents of intelligence (the information 
processing involved) but also about the role 
of experience (particularly about the way 
that skills become automatic after a while) 
and, as well, about the context in which 
intelligent behaviour takes place. These 
three kinds of question are Sternberg's 
triarchy and the first half of the book is a 
convincing argument that all three are 
needed. In the second half he deals with 
particular problems which have always 
been closely associated with the study of 
intelligence, many of which — such as 
syllogisms and analogies — crop up a great 
deal in intelligence tests. His aim is to 
subject them to his triarchic approach, but 
here the analysis is often uneven though it 
is always very detailed. Sternberg's 
“‘componential’’ leanings take over. There 
is little in this part of the book about either 
context or the effects of experience. 
Sternberg has more research to do on these 
two questions, but given his phenomenal 
productivity there seems little doubt that 
he will manage it. 

In the end the proof of Sternberg's pud- 
ding will be the same as it was with Galton's 
and Binet's. His scheme will only influence 
people outside the world of psychology, 
and to a great extent within it too, if it 
manages to produce good, new tests. Only 
then can we be sure that his scheme 
transcends the laboratory in a way that 
Galion’s so signally did not. Sternberg 
seems to recognize this when at the end of 
the book he suggests several ways of im- 
proving tests of intelligence. He should try 
these out. In the meantime he has written 
an attractive and valuable account of the 
long and successful enterprise which began 
so well with Binet and still seems to be in 
very good hands. Ci 





P.E. Bryant is Watts Professor of Psychology 
at tke University of Oxford. 


Upright education — the 
Geradhalter, an invention of 
a nineteenth-century 
educator, one Dr Schreber, 
intended to improve 
children’s posture by 
discouraging them from 
slumping forward Schreber 
used this and similar devices 
on his own children, one of 
whom was mentally 
deranged for most of his 
adult life. The illustration is 
taken from Robert Trivers’s 
Social Evolution, published 
by Benjamin/Cummings. 
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REGIONAL geology is concerned with how 
particular areas of the outer part of the 
Earth have evolved. It attempts to account 
for all aspects of the rocks that can be 
mapped at and below the surface. The 
history of vertical and lateral movements, 
changes in climate, environments of 
deposition, rates and modes of erosion 
have to be interpreted from the great 
variety of observations, many of which are 
qualitative or descriptive. Magmatic, 
metamorphic, sedimentary and deformat- 
ion processes have to be related in space 
and time to identifiable regional tectonic 
events that are often diachronous. 

The elephant trap for writers of regional 
geology is to smother the reader in a 
snowstorm of detailed descriptions that 
fail to discriminate between the trivial and 
the vital. Readers thus afflicted, especially 
perhaps undergraduates, are led to 
associate regional geology with tedium. 
For this book, John Veevers has gathered 
together a team of writers who cover 575 
million years of evolution of a region which 
represents a fortieth of the Earth’s surface 
and a sixteenth of the continental 
lithosphere. Australia has no elephants and 
these authors eschew snow. 

The apparent polar wander paths reveal 
that after some dalliance in the northern 
tropics during the early Palaeozoic, 
Australia has stayed in the Southern 
Hemisphere for most of the Phanerozoic. 
Records of oceanic palaeomagnetism for 
the last 160 Myr show how Australia’s 
continental margins have been formed by a 
"can opener" type of rifting sequence 
which progressed from the north about 160 
Myr anticlockwise around the margins to 
reach the Coral Sea about 60 Myr. These 
oceanic data do not reveal where or how 
these events began in what is now central 
New Guinea about 200 Myr. The origin of 
Australia's northern rifted margin before 
its late Cenozoic collision is not made 
explicit. 

The evolving sequences of palaeo- 
climates and palaeoenvironments related 
to continental drift are dealt with deftly, 
the authors citing what they judge to be the 
three or four most sensitive and reliable 


diagnostic pieces of evidence for each, 


Phanerozoic System of rocks, while a 
25-page discussion of Australia’s bio- 
geography provides a glimpse of many 
unsolved problems and some of their 
seemingly more important implications. 
For example the tantalizingly uncertain 
data for Australian angiosperms leave us 


BOOK REVIEWS 


NATURE VOL 315 2 MAY 1985 





not sure whether some flowering plants 
were able to enter northern Australia from 
Asia during the early Cenozoic nor whether 
the flowering plants were able to migrate 
from northern Australia into Asia in the 
late Mesozoic and early Cenozoic. 

The main part of the text presents 
Australia’s structural evolution through 
the Phanerozoic by recognizing only three 
morphotectonic elements: the northern 
convergent margin, the huge area of 
platform and the various divergent (rifted) 
margins on the west, south and east. The 
stratigraphic evolution is dealt with by the 
convincing device of recognizing three 
stratigraphic regimes: the Portoroo (Late 
Cretaceous and Cenozoic), Innamincka 
(Mid Carboniferous to Mid Cretaceous) 
and the Uluru (Cambrian to Mid Carbon- 
iferous). 

This is not an encyclopaedic account of 
Australia’s Phanerozoic geology. The 
reader should not expect to turn to the 
book for detailed description of particular 


successions nor for a biostratigraphical 
discussion of the faunas and floras; the 
stratigraphy tends to be underlain by 
tectonic rather than biostratigraphic 
concepts. Sedimentological information is 
used throughout, but much of the text 
allows the fossils to sleep quietly 
(unmentioned) in their graves, so much so 
that some palaeontologists may turn in 
theirs. Perhaps that highlights the distance 
between stratigraphy and regional geology 
— a divorce not to be encouraged. 

This book takes a refreshing approach to 
the synthesis of stratigraphy and tectonics, 
helped by writing which is concise without 
being over-condensed. Not only have 
Veevers and his colleagues produced an 
attractive and readable account of 
Australian geology, but more than in any 
other text I have seen succeed in conveying 
the excitement of regional geology. m 


Michael Audley-Charles is Professor of 
Geology at University College London. 
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CHEMISTS have much to learn from, as well 
as contribute to, the study of enzyme 
catalysis. Although we no longer stand in 
awe at the catalytic power of enzymes, it is 
plain that there are still formidable 
problems to grapple with before we can 
claim a satisfactory understanding of their 
mechanisms. It is equally evident that we 
have not yet managed to apply all the 
lessons we have learned to, say, the 
industrial use of existing enzymes or the 
design of other catalysts. 

Enzyme Chemistry is avowedly 
a didactic book, which sets out to 
document some of the past and to 
illuminate some of the future in the 
chemical study of enzymes and their 
products. As Kluger observesin an opening 
chapter which skilfully reviews the 
underlying physical organic chemistry of 
enzymes, if we were given the detailed 
three-dimensional structure of a protein of 
undisclosed catalytic specificity, it is 
unlikely that we could deduce the reaction 
catalysed. The goal of biomimetic chem- 
istry — the design and construction of 
molecules that rival enzymes as catalysts — 
is thereby put in perspective. Shinkai 
concentrates on an encouraging approach 
to this goal that begins with a thorough 
study of the chemistry of coenzymes, 


whereas Colin Suckling addresses the 
question of selectivity in chemical and 
enzyme synthesis. The fastidious selectivity 
and exquisite stereochemical preferences 
of enzymes are, of course, now well known 
but — as Suckling gently reminds us — 
their use has sometimes been treated, a 
little scornfully, as unacceptable in the 
perfect total synthesis. He cites some 
splendid examples of a more robust 
attitude and of its beneficial effect on 
biomimetic chemistry. : 
Industrial chemists have never shunned 
an enzyme or even whole cells as a means to 
an end. This theme is taken up by Hesp and 
Willard in alively and optimistic discussion 
of enzyme chemistry and drug design. A 
rational approach to chemotherapy has 
seemed just around the corner for almost 
50 years, ever since the discovery of the 
biochemical basis of sulphonamide 
antibiotics. That prospect still tantalizes > 


` but one perceives a quickening of step as 


the new sophistication of enzyme and 
protein chemistry and of molecular 


'modelling begins to impinge. Similar 


optimism is advanced by Cane in a neat 
chapter on the enzymes responsible for the 
biosynthesis of natural products. Those 
chemists who still resist the use of enzymes 
in total synthesis will be shocked to find his 
advocacy of the use of recombinant DNA 
techniques to facilitate a study of the 
enzymes involved. Bornyl pyrophosphate 
synthetase, an enzyme of monoterpene 
biosynthesis, has an estimated turnover 
number of 10 mol of substrate per mol of 
enzyme per hour. Cane flatters this enzyme 
(he is obviously but justifiably fond of the 
pathway) by referring to its catalytic power 
as extremely modest. Given that this may 
betypical of secondary metabolic enzymes, 
chemists would be foolish indeed to reject 
the help that molecular biology can offer 
them. They might even indulge in the 
delights of site-directed mutagenesis. 
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The book is completed by an article 
(Brown and Smith) on metal ions in 
biological systems—inorganic chemistry is 
not neglected—and an assessment by Keith 
Suckling of the effect of enzymological 
ideas on seemingly unrelated areas of 
biochemistry. 

For a multi-authored book, the style and 
standard of presentation is unusually even. 
The authors communicate their affection 
for the subject and display a refreshing 
awareness of the benefits to chemistry that 
flow from enthusiastically embracing the 
study of enzymes, as well as the metabolites 
they convert. A significant criticism is that 
the references terminate in mid 1982 so 
that, for example, much of the current 
achievement of the molecular biological 
approach, let alone its potential, goes 
unrecorded. Biology is without doubt well 
placed to repay chemistry. 

The Chemistry of Enzyme Action is part 
of the series entitled New Comprehensive 
Biochemistry. It is a large book (15 
chapters) and includes most of the ground 
covered by Enzyme Chemistry, but goes 
well beyond it both in the range of topics 
and the depth in which they are treated. 
The principal aim of the book is to describe 
the physical and organic basis of enzyme 
action. Because the approach is mechanis- 
tic, the opening chapters concentrate on 
the energetics and substrate interactions of 
enzymes (Page, Kollman, Williams) and 
the use of kinetic (Engel, Douglas and 
Wilson) and isotope (Williams) methods in 
exploring mechanisms. Several systems are 
then selected for a detailed chemical 
scrutiny: enzyme reactions that utilize 
imine formation (Hupe), enzymes that 
require pyridoxal phosphate (Akhtar, 
Emery and Robinson), folate and biopterin 


cofactors (Benkovic and Lazarus), glycosyl ` 


transfer (Sinnott) and vitamin B,, (Brown). 
Biomimetic systems are represented in the 
concluding chapters on micelles and 
similar aggregates (Brunton), cyclo- 
dextrins (Komiyama and Bender) and 
crown ethers (Stoddart). 

Despite its size, the book therefore 
remains selective in its coverage. The 
complementary part of this story, the 
participation of the enzyme protein and its 
structure in the enzymic reaction, is 
consciously left very much on one side. 
Thus, individual chapters will be read with 
profit by specialists but I fancy that the 
average undergraduate would find the 
rigour and detail too demanding. The 
logical place for such a book is the 
departmental library and the shelves of 
enzymologists with relevant interests. 
Typographical errors, while they do not 
abound, pop up from time to time, but the 
overall presentation is not unpleasing. All 
the authors can be congratulated on the 
comprehensive reference lists they have 
compiled. g 





Richard Perham is a Reader in the Department 
of Biochemistry, University of Cambridge, and 
President of St John’s College, Cambridge. 
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SCIENCE is most exciting when two alter- 
native views of the world clash. The battle 
in population dynamics is between those 
who believe that density-dependent pro- 
cesses play a significant part in determin- 
ing the distribution and abundance of 
animals, and those who do not. Andrew- 
artha and Birch have led the density- 
independent school, ever since their book 
The Distribution and Abundance of 
Animals appeared in 1954. Their views 
have not changed significantly over the past 
30 years, although the arguments have 
become more sophisticated and the con- 
troversy has recently enjoyed new vigour. 
The central theme of The Ecological 
Web is a *'theory of environment” based 
on ‘‘envirograms’’ — dendrograms whose 
branches trace pathways of influence imp- 
inging upon study-species. There are four 
directly acting components, resources, 
mates, malentities (that is, hazards) and 
predators, all of whose actions can be in- 
fluenced by a cascade of steps in other parts 
of the envirogram. Andrewartha and 
Birch's views of population dynamics are 
therefore particular and detailed. They 
dismiss general, analytical models in two 
sentences: ‘‘We cannot see many testable 
hypotheses emerging from such abstract 
models.... So we say no more about 
them" (p.187). Approximately the first 
two-thirds of the book is devoted to 
describing and establishing their theory of 
environment; there follow in the final third 
several case-histories, on rabbits, two birds, 
marine fish (briefly), three species of insects 
and man. Only the spruce budworm, fish 
and man are not Australian examples. ' 
I ought now to make my own position 
clear. Unlike Andrewartha and Birch, I 
find abstract general models of ecological 
processes useful, and I do think that 
density-dependent processes are largely 
irrelevant in understanding population 
dynamics. However I set out to read The 
Ecological Web with an open mind, but in 
the end found it lacking in many ways. 
The theory of environment is largely ver- 
bal and pictorial, but is used to attack more 
formal, mathematical theory. The result is 
rather like comparing apples and oranges. 
The weakness of predominantly verbal 
arguments is best illustrated by an exam- 
ple. In the section ‘‘Competitive Coex- 
istence and Displacement" the authors 
conclude, after reviewing several case- 
histories, that species can live.together 
“because they are alike — not iden- 
tical . . Conversely, when two species fail 





to coexist it is usually because they differ 
with respect to their success in professing 
a niche that they have in соттоп”. They 
seem not to notice that this conclusion is 
tautological; nor does it take us any nearer 
to a general understanding of competitive 
coexistence or exclusion. 

Perhaps more seriously, Andrewartha 
and Birch often do not seem to understand 
many of the theories they either attack, or 
so lightly dismiss as futile. Moreover, they 
too often pass over evidence that 
contradicts their view of the world. 
Consider, for example, their efforts to 
explain population cycles in animals such 
as snowshoe hares or lemmings. They use 
neutrally stable Lotka-Volterra models 
(p.255) yet claim that ‘‘oscillations decline 
and finally disappear"; they do not. More 
interesting and realistic general models are 
ignored, as are efforts to test them!?. 
Alternatively, take cases of ‘‘apparent 
competition" via shared enemies, or the 
role of spatial heterogeneity in population 
dynamics. They have much to say about 
both, but all their points are covered in 
more rigorous ways by existing general 
theoretical models. A small number of 
other examples will suffice to make my 
point. Great tit populations? are not 
limited by nest sites, as claimed. Population 
density does have important effects on the 
dynamics of tsetse flies*, spruce 
budworms? and carabid bettles??. Sadly, I 
have to conclude that Andrewartha and 
Birch often develop their arguments by 
ignoring counter-evidence. 

It appears that most of the confusion in 
this area of ecology centres on whether or 
not people are more impressed by 
population fluctuations, or by the fact that, 
despite such fluctuations, numbers of many 
species remain within comparatively 
narrow limits. Clearly not all populations 
are well regulated, but many are. It is 
important to know whether there are 
systematic patterns in the relative 
contributions of density-dependent and 
density-independent processes to the 
population dynamics of species from 
different taxa and habitats; but you will not 
find the answer to such questions in this 
book. Much has happened in population 
biology in the 30 years since the publication 
of The Distribution and Abundance of 
Animals. Because its treatment of these 
developments is so inadequate, The 
Ecological Web does little to advance the 
case for density independence. o 


John H. Lawton is a Reader in the Department 
of Biology, University of York. 
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Ciassified material 
V.H. Heywood 


Guide to Standard Floras of the World. 
By D.G. Frodin. 

Cambridge University Press: 1985. 
Pp.619. £95, $175. 











'THE best description of this remarkable 
compendium is given by the subtitle, “Ап 
annotated, geographically arranged 
systematic bibliography of the principal 
floras, enumerations, checklists, and 
chorological atlases of different areas’’. 
The second part of the book, some 500 
pages, comprises just that. There are, 
however, really two separate elements in 
this enterprise — a thoughtful analysis of 
Floras and floristics, and the application 
of this analysis to the geographically ar- 
ranged guide to the most useful Floras and 
checklists of vascular plants of the world, 
selected according to the concept of ‘‘stan- 
dard"' works. The idea for this compilation 
dates back to 1962, and we are told that 
the main catalyst was the publication of the 
so-called **Green Book’’ produced by the 
Flora Europaea editorial committee for the 
guidance of contributors, in which a list of 
“standard” Floras of Europe was given. 
Preparation of the Guide began in 1970 
and was completed in 1975. It is a tribute 
to the author that he was able to con- 
template such a work based in Papua New 
Guinea, scarcely one of the world's leading 
bibliographical centres (in a remarkable 
piece of understatement he comments that 
the “remoteness of Port Moresby was ... a 
handicap’’!). Publication has been delayed 
for nearly six years after the submission of 
the manuscript to the publishers, and.with 
a cut-off year of 1980 the text is already 
seriously out of date in many places. 


Floristic projects are advancing so rapid- 


ly today that the whole question of main- 
taining an up-to-date database needs 
careful consideration. It is not at all clear 
to me that a hard-copy guide such as this, 
however selective it is, is the most effective 
instrument for bibliographical purposes. 
The author explains, however, that his aim 
was not just to present a classified 
bibliography but, by being analytical and 
interpretative, to act as a mirror on the pro- 
gress of the subject. His ideas are expand- 
ed in the first section of the book. This 
includes essays on the style of Floras which 
are an important contribution to the 
literature on the subject. Frodin believes 
that the basic role of a Flora should still 
be a utilitarian and practical one — ‘‘in- 
ventory, identification and essential related 
data". He further echoes the increasingly 
expressed view that, for tropical countries 
in particular, floristic works should be writ- 
ten in such a way as to have a wide public 
appeal. 

A. disappointing feature of this introduc- 
tory section is that although the author 
looks to the future, and emphasizes the 


BOOK REVIEWS 


need for a reappraisal of the ways in which 
floristic data are stored and presented, he 
does not put forward any very concrete 
suggestions. It is unfortunate that the book 
was completed just at the time when several 
new approaches to floristics were being im- 
plemented, most of them related to elec- 
tronic data-handling. Thus a whole series 
of developments in the use of databases in 
systematics are omitted or only touched 
upon, such as the Vicieae database at 
Southampton, the revived Flora North 
America project (which will be heavily 
dependent on database technology) and the 
European Science Foundation Taxonomic 
Information System and database at 
Reading, not to mention the substantial 
reorganization of taxonomic services, in- 
volving electronic data processing, that 
several major taxonomic institutions are 
currently engaged upon. 

In the main part of the Guide, Frodin’s 
essays and annotations make interesting 
reading and present a very idiosyncratic 
interpretation of the facts reported. This 
material would have been better published 
separately. Indeed, altogether it is highly 
questionable whether it was wise for a 
world bibliography of Floras to have been 
undertaken as a one-man operation. One 
cannot but admire the author’s enormous 
achievement in compiling this unique, 
expensive and fascinating work, but, at the 
same time, one cannot help feeling that the 
time for personal statements in this field 
has been bypassed by events, as Frodin 
himself hints. o 





V.H. Heywood is Professor in the Department 
of Botany, University of Reading. : 





Past futures 
D.Q. Bowen 


Late Quaternary Environments 

of the Soviet Union. ` 

Edited by A.A. Velichko. 

University of Minnesota Press/Longman: 
1985. Pp.327. $45, £50. 








This is a third, companion volume to Late 
Quaternary Environments of the United 
States (reviewed in Nature 311, 488; 1984), 
and similarly arises from the USA-USSR 
bilateral agreement on the environment 
and meetings of the scientists sponsored by 
that agreement. This English language edi- 
tion brings to the West a whole new range 
of data, new not least because much of the 
research summarized here is the product of 
recent years only. 
As such, the book is self-evidently a 
publication of somesignificance. Given the 
vast area of the Soviet Union (exceeding 
that of the United States and Canada com- 
bined), and the diversity of the environ- 
ments it encompasses, it is inevitable that 
the quality of coverage will be uneven. But 
slowly the long-standing, mostly geo- 


morphologically based work is being sup- 
plemented by sedimentological, chrono- 
logical and biostratigraphical studies. Ap- 
propriately enough, nearly all those Soviet 
scientists who have worked so hard to 
transform the situation figure in the book. 

There are 30 chapters, many of which 
cover topics of international interest: the 
Late Pleistocene glaciation of the northern 
Soviet Union (in which a carefully argued 
case that large ice-sheets did not occupy the 
sites of the Barents and Kara Seas is pro- 
minent); mountain glaciation; permafrost 
in the Late Pleistocene and Holocene; and 
loesses, with a not unexpected demonstra- 
tion, which nevertheless fills another gap in 
global correlation, that nine soil complexes 
are found above the Matuyma-Brunhes 
reversal in Central Asia. Furthermore, in 
the Tadzhik Depression the Olduvai rever- 
sal is identified; thus parallels emerge bet- 
ween Europe and points farther east, and 
ultimately with the global deep-sea isotope 
signal. An account of vegetational history 
gives a welcome insight into a greatly ex- 
panded field of endeavour, even though 
the data are regionally uneven and of vary- 
ing quality, while a fascinating chapter on 
inland sea basins shows how sea-level 
change varies according to global as well as 
regional controls: thus 60,000 years ago the 
Caspian Sea rose to 76m above its present 
level, an event attributed to reduced 
evaporation and increased input from the 
Volga. 

Palaeoclimatic reconstruction has long 
been a strength of Soviet scientists and in- 
cluded are convincing reconstructions of 
the principal stages along with inferences 
on their atmospheric circulation. It is 
shown that the ‘‘glacial monsoon” of the 
western Soviet Union, created by juxta- 
position of cold high-pressure zones over 
the ice sheet and warmer low-pressure 
systems farther south, played a vital role in 
the transport and deposition of the loess 
deposits so critical for correlation. 

Many readers will repair eagerly to the 
section on the dispersal of primitive 
cultures, not least in the hope that evidence 
from Siberia will throw light on the timing 
of theentry of man into the New World via 
the Bering: Strait and on the attendant 
possible extinction of the megafauna. Un- 
fortunately, however, the evidence from 
many late Palaeolithic sites in the Soviet 
Union is equivocal and contributes little to 
resolution of this problem. 

The introduction to the English edition 
by H.E. Wright and C.W. Barnosky pulls 
the wide range of chapters together in an 
integrative and informative manner. Given 
the continuing exploration and develop- 
ment of the natural resources of the Soviet 
Union, it seems likely that much of the Late 
Quaternary framework evident there will 
be further elaborated and be of still greater 
benefit to Quaternary scientists elsewhere. 





D.Q. Bowen is Professor of Physical Geography 
at The University College of Wales, 
Aberystwyth. . 
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Eye movements recorded 


This month’s sampling of new products includes a sensitive system for recording human eye 
movements and a bench-top dry ice machine. 


@ Microtome manufacturers Temtool Ltd 
claim that a few years ago disposable 
‘razor’ blades dominated the market, but 
now the economics of disposable versus re- 
usable knives is such that the re-usable 
knife is again competitive, especially when 
an automatic knife sharpener is used. The 
Rotosharp 2 from Temtool is an automatic 
sharpener that takes a wide variety of knife 
sizes and types (including tungsten carbide) 
and produces good edges in a few minutes. 
Reader Service No. 100. 











A 0.1-micrometre line pattern on silicon, written 
on a 0.35-micrometre-thick PMMA resist with 
the Philips Beamwriter. 


© Sophisticated software, operating on a 
simple question-and-answer basis, has 
virtually eliminated manual adjustment of 
the Beamwriter EBPG-4 vector scan litho- 
graphy system from Philips. Allowing line- 
widths down to 0.1 micrometres, the 
EBPG-4 offers true sub-micrometre reso- 
lution. Developed from the world's first 
commercial production-oriented vector 
scan electron beam pattern generator 
(EBPG) system, the EBPG-4 Beamwriter 
has been specially designed for direct 
writing onto silicon or gallium arsenide 
wafers but can also be used for making 
masks and reticles. 

Reader Service No. 101. 

€ Forapplications in the laboratory where 
only the standard, 13A a.c. mains power 
supply is available, Lenton Thermal 
Designs Ltd has created a range of pro- 
grammable bench-mounted furnaces: the 
Ultraspeed and the ECF series. The Ultra- 
speed reaches maximum operating temper- 
ature in only I0 min, and is available in two 
chamber sizes, 1.5 litres and 2.0 litres. ECF 
furnaces are available as a general 
purpose laboratory furnace and as an 
ashing furnace for the ashing of foods prior 
to microanalysis. 

Reader Service No. 102. 


These notes are based on information provided 
by the manufacturers. Use the reader service card 
bound inside the journal to obtain further 
information. 










€ Now available from Barnes 
Analytical/Spectra-Tech is the Collector II, 


| an advanced version of their FTIR 


accessory for DRIFT (diffuse reflectance 
infrared Fourier transform) spectroscopy. 
A major development is the Blocker, a 


device which *blocks' and greatly reduces | 


or eliminates the specular reflectance 
component. The Collector II is especially 
suited for obtaining spectra from fibres, 
powders, foams, paint chips, catalysts 
(zeolites) and coal, as well as LC and 
HPLC eluents. 

Reader Service No. 103. 
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Collector II for DRIFT spectroscopy. 
@ The SP8773XR absorbance detector, 


| designed for routine operation at low de- 


tection limits, complements the Spectra- 
Physics line of modular, extended-range 
LC systems. LED display indicates real- 
time status, and provides self-diagnosis 
data for easy troubleshooting. Precision 
flow cells are readily interchanged to 
accommodate micro to preparative 
analyses. 

Reader Service No. 104. 





Bench-top dry ice from Polyfoam Packers. 


€ The Insta Ice Machine, available from 


| Polyfoam Packers Corporation, is a 


portable bench-top dry ice machine 
weighing only six pounds. Blocks can be 
made in 1 Ib or 2 Ib sizes that do not require 
any further compacting. No electricity or 
batteries are needed — all that is required 


| is a cylinder of liquid CO, with a syphon. 


Reader Service No. 105. 











Skalar's device for measuring eye movement. 
€ Precise recording of human eye move- 
ments is possible with a new system from 
Skalar of Holland. It involves a scleral 
induction coil, embedded in a flexible 
annulus of silicone rubber, which adheres 
tightly to the limbus of adult human eyes, 
concentric with the cornea, in a magnetic 
field. Two a.c. magnetic fields of similar 
frequency but in spatial and phase 
quadrature are created by field coils. An 
a.c. potential is induced in a sensor coil 
mounted on the eye and the magnitude and 
phase of the signal depend on the 
orientation of the eye in the field. 
Reader Service No. 106. 

€ Anti-tubulin, useful for localizing 
microtubules in cells, quantitating the 
amount of tubulin in cells and tissue by 
radioimmunoassay and for gene cloning 
and studies of transformed cells, is 
available from Polysciences, Inc. The 
antibody can be used for immunocyto- 
chemical staining at dilutions of 1:50 to 
1:100. 


Reader Service No. 107. 
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LIPOSOMES NEW! 


reproducible homogeneous 
— extremely rapid — 


The new commercial LIPOSOMAT* provides. 
reproducible preparation of uniformly sized 
unilamellar liposomes (formation within 10 
minutes!) with very high encapsulation 
afficiency for both hydrophilic and/or lipophilic! 
agents. Liposome size selectable between 2 

and 600 nm diameter. Lipid loss far below 1%. 


Sample volume normally 5-10 ml or up to 200 
ml if used in combination with an additional 
apparatus. 
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Tom Richard Pearson 


IN the 1930s only one in ten women of 
| working age in the United Kingdom were 
_in-employment, now nearly half are in or 
_ seeking employment; and women now ac- 
бош for 43 per cent of the labour force. 
"fo date, however, women have been 
oncentrated in the unskilled, lower-paid 
Obs, often working part-time hours. In 
rms of paper qualification, far fewer 
/ Women are qualified than men. The 1981 
ensus of Population shows that while 7 
per cent of adult men were graduates, the 
-proportion of women so qualified was less 
"than half this figure, at 3 per cent. 
|. However, the proportion of women gain- 
ng degrees has been rising fast towards 
` equality, so that in 1983 42 per cent of those 
higher education in 1983 were women 
compared with under 30 per cent twenty 
years earlier. Although more women are 
becoming qualified, the range of qualifica- 
tions they are gaining is still markedly dif- 
ferent from their male counterparts. 
Опе of the most critical points for career 
hoice is in the school system, where, by 
the age of 13, most girls have committed 
themselves to arts rather than science sub- 
jects, which severely constrains their later 
елігу into science-based careers and courses 
in higher education. In terms of school 
- qualifications, the proportion of girls gain- 
ing two or more A level qualifications in 
science, the usual minimum entry qualifica- 
tion for science or engineering courses in 
higher education, has barely changed, 
eraging about one in five. 
Thus although the proportion of women 


dramatically over recent years, and they 
now account for more than half the intake 
< into many medical schools, the changes on 
Science and engineering courses have been 
far less marked. While in the case of 
engineering the proportion has more than 
doubled, women still account for only one 
in ten students, and the proportion of 
“women on science courses has risen only 
-slightly (Table 1). Of the women graduating 





Table 1 Women first-year students as % of all 





students 
= Medicine 49.0 
Engineering and. technology 9.5 
Science 33.1 
Social science 44.4 
Language, literature 69.0 
Other arts 54.6 
АП subjects 40.7 





CCA figures for. 1982. 


going into higher education has risen | 


last year, nearly two-thirds had art or social 
Science degrees, only 21 per cent had 
science degrees and a mere 4 per cent had 
engineering degrees. 

Curiously, girls’ preferences within 
engineering do not seem to conform to the 
expected pattern in relation to individual 
subjects, thus women represent an above 


engineering, but under 6 per cent in elec- 


generally regarded as having a less tradi- 
tional heavy engineering image. This rather 
lower representation may be because the 
competition for places is much harder in 
these subjects. 





Table 2 Percentage of women in main graduate 
occupations. 


Teachers 56.0% 
Medics 29.6% 
Scientists 16.0% 
Accountants 8.1% 
Lawyers 15.1% 
Architects 4,2% 
Engineers 1.2% 





Source: Census of Population, for 1981. 


In terms of jobs, the contrasts with men 
are even more marked. The most fun- 


almost a third of the women graduates 
(about 200,000) were not working or seek- 
ing work, mostly presumably for family 
reasons, while among men the correspon- 
ding figure was only 11 per cent. In- 
terestingly, similar proportions of men and 
women graduates were unemployed — 
three per cent. Of the 450,000 working 
women, almost half were in teaching and 
indeed in this occupation they out- 
numbered their male counterparts. In 
medicine, women are relatively well 
represented, accounting for nearly one in 
three. of all medical and dental practi- 
tioners. However, only about one in six of 
scientists are women, and fewer than one 
in eighty of the engineers (Table 2). There 
are far more graduate women in accoun- 
tancy and in law than in engineering. 
To remedy this low representation of 
women in science and engineering, for 
which both women and society generally 
suffer, the year 1984 was designated as 
WISE — Women in Science and Engineer- 
ing — Year. Sponsored by the Engineer- 
| ing Council and the Equal Opportunities 
| Commission, the main aim.of the campaign 
! was to educate and encourage girls, 








average 12 per cent of the total in chemical | 


trical engineering and electronics, a field | 


damental difference in 1981 was that | 











Women in science and engineering 


One of the biggest changes in the employment scene in the second half of this century has been 
ie rising participation of women in the labour market. 


| through a wide range of promotional ac- 


tivities, to take up careers in science and 
engineering. Even before WISE Year there 
have been initiatives aimed at encouraging 
schoolgirls to consider engineering careers. 
These have included special “Insight” pro- 
grammes to allow sixth-formers to have 
close experience of engineering over a 
period of a weeks in industry, special 
scholarships and local school-industry 


liaison activities. The latter have not always. © 


been a success, however, with one girls’ 
school returning a package of engineering 
careers leaflets with the comment ‘‘This 
must have been sent to us in error, this is 
a girls’ school" 

WISE Year included over 500 special 
conferences and events in schools, colleges 
and employers’ premises, and many ac- 
tivities are continuing into 1985 and 
beyond, A limited number of new scholar- 
ships for girls was awarded during 1984 by 
the Engineering Training Board and others, 
but because the year was primarily aimed. 
at raising awareness, it will be several years 
before any effective evaluation can be 
made, when any changes in subject choice 
among girls in schools and higher educa- 
tion will start to become apparent. At any 
rate, the organizers are already claiming 
that the year was a success. 

An added urgency for women to enter 
technology-based courses was the fact that. . 
1982 saw the number of 18-year-olds in the 
population, the traditional entry group in- 
to higher education, ‘start to fall. The 
number will decrease from 1,000,000 to 
650,000 in 1995 with most of the fall oc- 
curring during the latter part of the period. 
While the implications of this fall in terms 
of demand for higher education places have 
been hotly debated for several years now, 
in the cases of less popular subjects such 
as engineering, such a fall could have a 
significant effect on the numbers 
graduating. A rising relative demand by 
women will help mitigate against the overall 
fall and an increasing representation by 
women on engineering and technology 
courses may be the only means of ensur- 
ing an adequate future supply of graduates 
with key skills. Thus meeting the needs of 
the market and providing equality of op- 
portunity could well become self- 
supporting policies in the late 1980s. O 





Richard Pearson in at the Institute of Manpower 
Studies, Mantell Building, University of Sussex, 
Brighton BNI 9RF, UK 
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UNIVERSITY OF THE WEST 
INDIES 
St Augustine, Trinidad 

DEPARTMENT OF ZOOLOGY 
Applications are invited for a post of 
Senior Lecturer/Lecturer ín the 
Department of Zoology, Faculty of 
Natural Sciences in the area of 
Entomology/Terrestial Ecology. 


Salary Scales per annum: Senior 


Lecturer: TT$69,180 x 1,908 - 86,352 
(Ваг) х 1,908 - 90,168; Lecturer: 
TT$54,708x1,908 - 66,156 
(Bar) x 1,908 - $77,604. FSSU. Un- 
furnished accommodation if avail- 
able at 10% or furnished at 1214 % or 
housing allowance of 20% of 
pensionable salary. Up to five full 
economy passages on appointment 
and on normal termination. Study 
and Travel Grant. Detailed appli- 
cation giving qualifications and 
' experience and naming three referees 
to Campus Registrar, University of 
the West Indies, St Augustine, 
Trinidad, WI. Details of post sent to 
all applicants, but also available from 
the Secretary General, Association of 
Commonwealth Universities 
. (pts), E Gordon'Square, gondon 
WCIH (W1829)A 






Glaxo Group Research Ltd 


^ UNIVERSITY COLLEGE : 
CARDIFF 
DEPARTMENT OF BIOCHEMISTRY 


POST-GRADUATE 
RESEARCH ASSISTANT 


Applications are invited for this post 
to work with Dr J Kay on the quanti-, 
tation and localisation of the neutral. 
proteinases involved in protein 
breakdown in normal and dystrophic 
human muscle. Duties to commence 
151 October, 1985. 


The appointment, financed by the 
Muscular Dystrophy Group of GB is 
for one year in the first instance, with 
a possible renewal for a second year. 
Salary range £6,600 - £7,055 per 
annum. Research expertise with 
radioimmunoassay/ELISA tech- 
niques would be an added advantage. 


Apphcations, 2 copies, together 
with the names,and addresses of two 


referees, should be forwarded to the ' 


Establishment Officer, University 
College, PO Box 78, Cardiff CF1 
IXL. Closing date 23rd May, 1985. 
Ref: 2953. (6308)A 


А chemist is required to contribute to this aspect of the work, the major part of which 
1s to develop rapid and novel techniques for the identification, extraction and purifi- 
cation of the active components of microbial broths and plant extracts. 


Ideally, candidates should have a good degree and PhD in chemistry, preferably with 
a background in natural product chemistry and a knowledge of biological systems. 


The Company offers excellent conditions of employment including a non-contributory 
pension scheme, bonus schemes, subsidised canteen and an active ms and social 


club. 


Please send a full C.V or write for an pplication form to the:Personnel Officer (REN), 
Glaxo Group Research Ltd., Greenford Road, ерга Middx UB6 ОНЕ, л: i 


ref. U 565. 


Natural 
Product Chemist 


Greenford, Middx 


One of the main aims of our Microbial Biochemistry Department is the identification 
and purification of novel anti-microbial agents from natural sources. : 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF RADIATION 
ONCOLOGY, 
CLATTERBRIDGE HOSPITAL, 
BEBINGTON, WIRRAL. 


TECHNICIAN 
GRADE 3 


To operate a Fluorescence Activated 
Cell Sorter. Previous experience of 
this machine is not essential as full 
training will be given. 


Applicants must possess ONC or 
equivalent 1n a biological discipline, 
or physics, plus three years laboratory 
experience. Applicants must also be 
able to demonstrate an aptitude for 
the use and understanding of complex 
laboratory equipment. 


Salary within range £5,399 — 
£6,325 per annum. 


This post is available for one year 
only. 


Application forms may be obtain- 
ed from the Registrar, the Universi- 
ty, PO Box 147, Liverpool L69 3BX. 


Quote Ref; RV/252/N. 


(6250)А 


UNIVERSITY ОЕ 
ABERDEEN 


DEPARTMENT OF THERAPEUTICS 
AND CLINICAL PHARMACOLOGY 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited from suitably 
qualified candidates to work on a pro- 
ject using human hepatocyte cultures 
to relate drug metabolism to toxicity. 


Applicants should have experience 
in drug metabolism and, toxicology. 
Some experience in cell culture would 
also be an advantage. 


The appointment, funded by the 
SHHD, is for one year in the first in- 
stance, with salary up to £9,390, 
depending on age and experience. 


Applications, including curriculum 
vitae, and the names of two referees, 
should be forwarded to Dr G M 
Hawksworth, Department of Thera- 
peutics and Clinical Pharmacology, 
University of Medical Buildings, 
Foresterhill, Aberdeen AB9 2ZD 
(closing date 23 May 1985), from 
whom further particulars may be 
obtained. (6256)A 
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ONCOGEN: 


: € a Seattle based T 
biotechnology firm : 
conducting cancer ене 
since 1983. ` 


ө affiliated with Bristol-Myers | 


Company, Genetic Systems, 
and Syntex Corporations ` 


RESEARCH FOCUS 


€ Monoclonal Antibodies for: - 
‚Ше diagnosis and treatment - 


of human. cancer 


€ Growth Factors and . 
Growth Inhibitory 
Factors 


: € Hormones and their : 
Receptors 


OPPORTUNITIES 


Ph.D’s with expertise in: 
© Monoclonal Antibodies ` 
€ Gene Cloning & Sequencing 


€ Eukaryotic Expression 
Systems ; 


€ Ligand-Receptor А E 
Interactions | 


€ Assay Development | | 
REWARDS 

e Competitive salaries - 

€ Attractive benefits 


e Stimulating research .: | 
environment 


€ Geographically desuable 
location 


Please send resume eios 
Sheryl J. Hackman 


ONCOGEN 8» td 
3005 First Avenue n 
Seattle, WA 98121 


Equal Opportunity Employer MJ F 


(NW1727)A 
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. OVERSEAS | 
LECTURESHIPS 


CHEMISTRY 


‘Applicants for the post should hold a Ph.D and have developed s 
research interests, at а - post-doctoral level in Chemistry, 





“preferably i in the fields of polymer and or inorganic chemistry. 


MICROBIOLOGY 


Applicants should be interested in conducting research i into ariy 
aspect of: Microbiology, although those with experience in 


` Environmental Microbiology, Industrial Microbiology including 


fermentation technology, Microbal Metabolism ang Virology 

are encouraged to apply. 

In addition to pursuing your own research, you will participate’ in 

the teaching of undergraduate and post-graduate course in the . 
Faculty of Science. Supervieing research students will, also be 

required: · : 


Salary Scale: R16 287 — R27 648 per annum. 


E Benefits e annual bonus € general leave.@ medical aid ө pension e 


travel, removal and settling-in allowances if eligible € remission of fees. 


The policy of the University i isnotto discriminate onthe grounds of sex, 
race, colour or national origin. " | PA 


For further information contact Mr G Henning, South African 
Universities Office, 278 High Holborn, London WC1V 7HE. 


Closing date for applications 28th June 1985. 67 
Й (0/1832) 


. “7 UNIVERSITY OF 
THE WITWATERSRAND 


THE MACAULAY INSTITUTE . 
FOR SOIL RESEARCH  '- 
DEPARTMENT OF PEAT AND 

FOREST SOILS | A, 


E HIGHER 
SCIENTIFIC OFFICER 


Applications are invited for appointment ona 3-year contract, on the 
Surface Water Acidification Programme (SWAP) under the auspices 
of The Royal Society, The Norwegian Academy of Science and Letters 
and the Royal Swedish Academy of Sciences, 


A soil scientist/ ecologist/ forester is required to conduct research into ' 





' the roles of vegetation and soils in modifying rainwater chemistry at 


three river catchments in Scotland as part of an integrated study of the 
effects of acid deposition on the acidification of surface waters and on 
the survival of fish and freshwater biota. | 
Candidates should possess a First or Upper Second Class honours 
degree in soil science, ecology, or foresty or a related subject, with at 
least two years’ relevant post-graduate experience. Salary £7,435 — 
£10,039 per annum according to experience. Non- contributory 
'superannuation scheme operative. The Macaulay Institute for Soil _ 


Research i is an Equal Spouse Employer. 


Forms of application ‘and further particulars may be obtained 
from The Secretary, The Macaulay Institute for Soil Research, . 
Craigiebuckler, Aberdeen AB9 2043. to whom they shoud be 
returned Бу 20 May 1985. 


Quote Ref. SWAP/1/85. 2 (G285)A 
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Structural Geologist 


Can you continue Scotland's tradition of excellence? 


More than 100 years ago, pioneering 
research carried out in Scotland by Clough, 
Peach and Horne presented evidence that 
significantly altered the face of geological 
knowledge. Today, with the challenges of 
finding oil in the North Sea, Britoil offers you an 
opportunity to be part of a new era of geological 
exploration, charting courses that will lead well 
into the next century. As a major operator in the 
North Sea, Britoil is involved in more offshore 
blocks than any other company and is currently 
producing from nine fields. 

We require a Structural Geologist to join 
our Glasgow-based Corporate Exploration 
Department who will work in basin modelling, 
basin evolution and spatial relations, 


AE 
"Rr 


Horne, Peach & Clough 
at Tayvallich, Scotland 


interpretation of both deep and shallow seismic 
data, balancing 2D and 3D sections, fault 
geometry, reconstruction of basin 
development, studies on burial history, basin 
inversion, slope stability, and studies of fault 
seals and fractured reservoirs. You will be 
working with the most advanced technology, 
including remote sensing techniques. You will 
also be expected to run seminars and training 
courses for Geologists, Geophysicists and 
Engineers. 

You will have considerable practical 
experience, be qualfied to PhD level, and will 
work with geophysical interpreters, seismic 
stratigraphers, exploration and production 
geologists, and computer experts. You will be 
an expert in the latest structural geology 
concepts, particularly in relation to extensional 
tectonics, continental margins and deep seated 
structural behaviour. You will also have some 
knowledge of compressional tectonics, 
thrusting and shear mechanics. Preferably, your 
experience will not be limited to hard rock or 
superficial sediment deformation but will 
include a broad knowledge of sedimentary rock 
deformation. 

Your salary and benefits package will 
reflect the importance of your input to the 
company’s future performance. In addition to 
profit sharing, BUPA, and a company car, you 
will have generous assistance with relocation, 
where appropriate. 


Toapply, write giving details of your qualifications and 
experience and quotingreference SG/HE/N to: Howard 
Kewney, Senior Personnel Officer, Britoil plc, 150 St Vincent 
Street, Glasgow G2 5LJ. 
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Britoil 


Energy at work for Britain 


By Kind Permission of The 
British Geological Survey 


(6317)A 
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are presently developing a novel anti-straphylococcal agent 
We are looking for: 


* MEDICINAL CHEMIST 


For semisynthetic modification of antibiotic molecules derived from fermentation 


* NATURAL PRODUCT CHEMIST 


To extract, purify, characterise and help with structural elucidation of novel fermenta- 
tion molecules with antibacterial activity 


For both positions we request: 
e Ph.D. in Chemistry with a minimum of two years postdoctoral experience. 


e Relevant Publications/Patents. 


х GROUP LEADER, MICROBIOLOGY 


The successful candidate will be responsible for supervising a team of scientists 
dedicated to the discovery of novel and innovative anti-infective drugs. Previous in- 
dustrial experience is an advantage but not an absolute prerequisite. Age guide: 33-37. 


He/she will have. 


e 5-10 years experience, supported by substantial publication record in one or the 
following fields" Microbial Physiology or Genetics or Biochemistry or Immunology. 


€ Ability to motivate a diverse group of scientists. 


ө Motivation to apply a first-grade knowledge of basic science to discovery and 
charactenzation of molecules to become medical/commercial successes 


For all positions, knowledge of English in the verbal and written form is essential 


Knowledge of Italian is not necessary 


The Lepetit Research Centre is soon to the relocated in newly built modern facilities 30 


Km North of Milan (Italy). 


Applications, indicating position wanted, including C.V. and list of publications, should 


Director R & D (Selection) 
Lepetit Research Centre 
Via Durando 38, 20158 MILAN (Italy) 


LEPETIT RESEARCH CENTRE 


be sent to’ 


The Department of Cell Biology at Baylor College of Medicine currently 
has two faculty positions open for outstanding scientists, at either а 
junior or senior level, in the area of contemporary molecular genetics 
Weare particularly interested in candidates that are involved in applying 
techniques of recombinant DNA research for studying basic problems 
in cell and development biology. The present well-funded and national- 
ly renowned faculty in this Department reflects a diverse set of research 
interests, and the existing resources should be an attractive feature for 
prospective candidates 


Send curnculum vitae with names of three references to: 


Dr. Jeffrey M. Rosen, 

Professor, Depart. of Cell Biology. 
Baylor College of Medicine, 

1 Baylor Plaza, 


Houston, Texas 77030 (NW1623IA 


THE UNIVERSITY OF TEXAS AT AUSTIN U.S.A. 


POSTDOCTORAL ASSOCIATE IN PLANT AND 
MICROBIAL MOLECULAR GENETICS 

А 12-month appointment is available beginning June 1985, with 
possibility of renewal. Salary commensurate with experience 
Preference given to applicants with expenence in microbiology, trans 
poson mutagenesis, Ti-vectors, and recombinant DNA technology 
Major research emphasis on microbial cellulose gene structure and 
expression, but other resarch on the molecular genetics of cellulose 
gene expression in higher plants and algae will be undertaken Well 
equipped new laboratory and excollent opportunity to interact with a 
versatie research team in an internationally recognized. Botany 
Department. 
Please send résumé, brief summary of research experience, and 
list of three referees to Dr. R Malcolm Brown, Jr., Department 
of Botany, The University of Texas at Austin, Austin, TX 
78713-7640, U S A. Telephone (512) 471-3363. (NW1715)A 


The LEPETIT RESEARCH CENTRE :s one of the four International Research Centres of 
the Merrell-Dow Research Institute of MERREL-DOW-PHARMACEUTICALS. We are devoted 
to discovery, characterisation and development of innovative drugs in the anti-infective field 

we are the discoverers of the rifamycin family of antibiotics We have also discovered and 
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UNIVERSITÉ DE MONTRÉAL 
Faculté des arts et des 
sciences 
Département de sciences 
biologiques 


POSTE DE PROFESSEUR 
ADJOINT 


Le Départment de sciences biolo- 
piques de | 'Université de 
ontréal est à la recherche d'un 
professeur en biologie du dé- 
veloppement animal. 

Fontions . x: 
nseignement au premier сус 
embryologie générale at anato- 
mic microscopique (avec travaux 
prauques), aux 2e et Зе cycles: 
Cours avancés dans la spécialité 
du candidat; recherche en bio- 
logie du développement animal 

Exigences 














X 
Ph D. ou D.Sc Une expérience 
pertinente en développement du 

t nerveux pourrait étre un 


système 
atout. 
Traitment 

Selon les normes de la con- 
vention collective en viguer, 
Date d'entrée on fonction 

Le ler septembre 1985. 

Date de clôture dos candi- 


datures 
Le ler août 1985. 
Les candidates sont priés de 
faire parvenir leur leur curri- 
culum vitae, une copie de 
leurs diplômes et trois lettres 
de recommandation à: 
M Rach Carbonneau, Directeur, 
Départment de sciences biolo- 
Кре» Universite de Montréal, 
2 6128, succursale A, 
Montréal (Québec) H3C 3J7 
Conformément aux exigences 
prescrites еп  matitre 
d'immigration au Canada, cette 
annonce s'adresse aux citoyens 
et aux résidents permanents au 


Canada. INW17201A 





















(W1827)A 





Faculty Position — Biochemistry 

The Department of Biochemistry, University of Virginia School of 
Medicine invites applications for a tenure-track, full-time faculty position 
at the assistant or associate professor level starting no later than 1 
September 1986. 

Applicants must exhibit a strong commitment to teaching and to 
establishing a vigorous, independent research program. The candidate 
must have a doctora! degree in Biochemistry or a closely related field 
with postdoctoral experience; however, applications are encouarged 
from ali cutstanding candidates irrespective of their current interests. 
Please submit letter of application, curriculum vitae, and three 
reference letters to: Dr. Ching-hsien Huang, Chairman of Search 
Committee, Department of Biochemistry, Box 440, University 
of Virginia School of Medicine, Charlottesville, Virginia 22908. 
Application deadline is 1 August 1985. An Equal Opportunity/ 
Affirmative Action Employer (NW1704)A 


UNIVERSITY OF VERMONT COLLEGE OF 
MEDICINE 


DEPARTMENT OF MEDICINE 
RESEARCH ASSISTANT PROFESSOR 


Full time research faculty to conduct independent and collaborative 
research in fields relating to hemostasis and thrombosis using cultured 
vascular cells Areas of expertise can include biochemistry, micro- 
biology. cell biology, or cell physiology 

Applicants must have a Ph D degree with demonstrated proficiency in 
growing vascular endothelial cells in culturo А research grant/career 
award providing 50% of annual salary desirable but not essential. 
Qualified and interested candidates should send CV. names and 
addresses of 3 references and brief outline of research interests 
by June 15 to. John C. Hoak, M.D.. Department of Medicine. 
Fletcher House 311, MCHV, Burlington, Vermont 05401. 

An Affirmative Action Employer. Women and minorities encouraged to 
apply INW1716)A 
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DIRECTOR | 


"elt 


BIOTECHNOLOGY RESEARCH INSTITUTE 
MONTREAL 


| Тһе Organbadon 


The National Research Council of Canada is establishing a new "Biotechnology Research Institute in Mon- 
treal. This new research institute emphasizes the industrial ápplications of biological sciences and focuses 
on the development of new processes and products. It fosters generic research and technology transfer to 
industry and promotes communication, and collaboration amongst industrial, university,- federal and provin- 


cial government laboratories. 


` The Research Areas 
' The main areas of research include: 


E @ Fermentation and biochemical and ` 
process engineering 


M @ Genetic engineering І 
€ Cell fusion and molecular immunology - 


e Enzyme technology and protein : 
` engineering - . 

-A major large scale fermentation facility 
will allow pilot scale: experimentation with ^ 
new fermentation methods and economic 
evaluation. The R & D will focus on 
agrofood, energy treatment and chemicals, 

i pharmaceuticals, waste product and 


= пен 


.The Position | 
The Director reports to the Vice-President 
(Biotechnology and Chemistry) and is an 
active contributor to the National 
Biotechnology Program. The Director is 

' responsible for planning, organizing, im- 
plementing and controlling the Institute's 
research: arid development programs and 
advises senior management on long term 
_ research goals. The Director is also 

. responsible for establishing close ties with 


universities and industries and undertaking — 


; ене projects:on a cooperative рамы 


| » National Research ' Conseil national 
' Council Canada de recherches Canada 


Ottawa; CANADA, K1A ORE. | | 
VELA MC (NW1706) 


| The Candidate 


‘The person appointed will have an 


established reputation for outstanding 


‘leadership in research and development 


and the ability to lead, manage and co- 


`. ordinate the.activities of the Institute. 


Candidates will have many years of 


“research experience in a biotechnology 
. related discipline and demonstrated ability 
.in research managment. Knowledge of ` 


both the English and French languages is. 
essential. 


(6, 


The Institute 


. The Biotechnology Research Institute is 
~ located in downtown Montreal in a new 
$60 million, 18,000m? complex. It will 


employ 220 ‘people and will host up to 80 - 


researchers from industries, universities 


and other research organizations. It will 


' have an annua budget of ad million. - 


BENEFITS are fully. competitive and 
SALARY will be commensurate with , 
qualifications and experience. 


5 


PLEASE SEND A DETAILED ‚RÉSUMÉ IN 


CONFIDENCE TO THE: 


General Manager, 
Personnel, Branch, ' 
National Research Council of Canada, 


RES a { pa 


3n 


Canada 
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MOLECULAR BIOLOGY 
DEPARTMENT 


Post Doctoral Scientists 


Salary from £9,000 


Celltech, a leader in the held of biotechnology, has 
achieved its present success in the space of four years. 
Pioneers m several areas, our achievements are based 
on the foundations of scientific excellence, innovation 
and commercial expertise 

Due to contmuing expansion, the Molecular Biology 
Department requires further Post Doctoral Scientists or 
graduates about to submit a PhD thesis to join teams 
cloning and sequencing genes of potential therapeutic 
importance Expenence with the isolation of protems 
and/or clonmg techniques would be an advantage. 

Celltech is an ambitious and forward looking 
company, which places as much emphasis on its people 
as its products. You will work in a small fnendly team, 
gaming invaluable broad-based experience, with plenty 
of opportunity for advancement. Please send a detailed 
c.v to Jane Walley, Celltech Ltd., 244-250 Bath Road, 
Slough, Berks SLI 4DY, quoting Ref. 258 


ES 


Ре 


(6331)A 


READVERTISEMENT 
THE ANIMAL VIRUS RESEARCH INSTITUTE 


HEAD OF IMMUNOLOGY AND 
PATHOLOGY 


Applications are invited for a new post of Head of the Division of 
Immunology and Pathology, the appointment to commence as soon 
as possible. 


Candidates should have a high academic research record in molecular 
or cellular immunology, with experience, or an interest in, the 
immunology of virus infection in farm animals, and proven skills of 
leadership 


The Division includes Departments of Immunology, Experimental 
pathology and Vaccine Research. 


Salary in scale £16,229 — £21,834 Grade 6 (pay award pending). Sick 
leave and non contributory superannuation schemes. 25 days annual 
holiday. House may be available for suitable married applicant. The 
Successful candidate may qualify for financial assistance with removal 
expenses. 


HIGHER SCIENTIFIC OFFICER 


Applications are invited for the post of Higher Scientific Officer Band 
1 to work in the Division of Molecular Biology, Department of 
Biochemistry. The appointment to commence as soon as possible. 
The successful candidate will assist with work on the structure and 
function of the blue tongue virus genome 


Candidates should have at least 3 years post graduate research 
experience. Degree in Biochemistry or Microbiology and a PhD 


Salary scale £7,435 — £10,039 (pay award pending), sick leave and 
non-contributory superannuation schemes, 22 days annual holiday. 
House may be available for suitable married applicant. 


For both posts applicants should send a 
curriculum vitae and the names of two 
referees by 31 May 1985 to the 
Secretary, The Animal Virus Research 
Institute, Ash Road, Pirbright, Woking, 
Surrey GU24 ONF, from whom further 
particulars may be obtained. The Animal 
Virus Research Institute is an Equal 
Opportunities Employer. (6216)A 


q&SEARC " 
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INSTITUTE OF CANCER 
RESEARCH 


TECHNICIAN/RESEARCH 
OFFICER 


Required for CRC/MRC funded post 
at the Insntnte's laboratories at 
Sutton, Surrey, to work on clonal 
analysis of formal and neoplastic 
tissue in mouse aggregation chima- 
eras The mosaic markers currently 
used include H2 antigens and lectin 
polymorphism demonstrated immun- 
ocytochemically im tissue sections 
(cf J Embryol exp Morphol, 76, 
83-93; Nature 313, 689-691; Cell, 40, 
425-429). 


Applicants should have expertise in 
immunocytochemistry, including cry- 
ostat sections. Additional experience 
in the following would be an advan- 
tage: making chimaeras, preparing 
antibody-enzyme conjugates, micro- 
dissection, general animal handling. 
The post is available now; an early 
starting date would be ideal so as to 
provide an overlap to learn techniques 
from the present incumbent, who 1s 
expected to leave during the summer. 
Salary in scale £5,738 - £8,492 pa, plus 
London Allowance of £623 pa. 


Further details may be obtained 
from Dr Bruce Ponder, Institute of 
Cancer Research, Haddow Labora- 
tories, Clifton Avenue, Sutton, 
Surrey SM2 5PX, telephone 01-643 
8901, ext 293. Applications in dupli- 
cate should be sent to the Personnel 
Officer, Institute of Cancer Research, 
17A Onslow Gardens, London SW7 
3AL, quoting ref. 301/B/83. Closing 
date for applications 17th May, 1985. 

(6264)A 


UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF PATHOLOGY 
UNIVERSITY LECTURER 
OR 


UNIVERSITY 
DEMONSTRATOR 
IN VIROLOGY 


Applications are invited for a post of 
either a University Lecturer or a 
University Demonstrator (the 
equivalent of University Assistant 
Lecturer) in the Department of 
Pathology, appointment to commence 
on I October 1985 or as soon 
thereafter as possible. 


Candidates should hold a PhD 
degree or equivalent and have several 
years post-doctoral experience in a 
relevant area. The successful can- 
didate will join the Division. of 
Virology in the Department of 
Pathology and will be expected to 
contribute to both teaching and 
research in Virology. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
of the Appointments Committee for 
the Faculty of Biology ‘B’, 19 Trum- 
pington Street, Cambridge, CB2 
1QA, to whom applications (10 
copies) including a curriculum vitae, 
hst of publications and the names of 
not more than three referees, should 
be sent so as to reach him not later 
than I June 1985. (6263)A 
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INSTITUTE OF CANCER 
RESEARCH 


TEAM LEADER 


Applications are invited for a 5-yea 
appointment with career prospects ti 
lead a research team in the Institute' 
Cell and Molecular Biology Sectio: 
in the Chester Beatty Laboratories 
Fulham Road, London, SW3. Estab 
lished groups in the Section ar 
working on Oncogenes, Chromati 
Structure and Function, Develop 
ment Genetics, Cloning Technolog: 
and Human Retroviruses. The Insti 
tute is jointly funded by the Cance 
Research Campaign and the Medica 
Research Council on a system of si 
year grants which are reviewed ever: 
fourth year. 


Candidates should be experiencec 
m any field of research related to th 
molecular biology of cancer bu 
applications from those working or 
the structure and function of trans 
forming proteins are especiall: 
sought. 


The salary, depending on quali. 
fications and experience will be in the 
range £10,330 — £14,925 pa, plu: 
London Allowance of £1,233 pa 


Applications consisting of a CV 
an outline research proposal, and the 
names of three referees should be 
sent, in duplicate, to the Personne 
Officer, Institute of Cance; 
Research, 17A Onslow Gardens 
London, SW7 3AL, quoting re: 
300/G/12. 


Applicants are advised that in the 
majority of the Institute’s premises 
smokingis prohibited. (6274)А 


BRISTOL POLYTECHNIC 
SCIENCE DEPARTMENT 


LECTURER II/ 
SENIOR LECTURER IN 
CLINICAL CHEMISTRY/ 
BIOCHEMISTRY 
REF NO L/12 


Applications are invited from 
graduates in a relevant subject anc 
preferably FIMLS who have researcl 
and/or hospital laboratory experienc 
in clinical chemistry A particular in 
terest in the development of new assa: 
methods 15 desirable. 


The successful applicant will teacl 
clinical chemistry and biochemustry oi 
Degree, BTEC and FIMLS course 
and will be expected to initiate ai 
active research programme. 


The appointment will commence o! 
1 September 1985. Salary scale; L1 
£7,548 — £11,175 (bar) — £12,099 pe 
annum; SL £11,175 — £13,128 (bar 
— £14,061 per annum. 


The appointment will be made o; 
the appropriate scale according t 
relevant previous service/experience 
(Progression from the LH scale to th 
SL scale in in accordance with the prc 
visions of the Burnham Further Edu 
cation Report). 


For further detais and an appli 
cation form, to be returned by 1. 
May, 1985, please contact the Per 
sonnel Office, Bristol Polytechnic 
Coldharbour Lane, Frenchay, Bristc 
or ring Bristol 656261 ext 216 or 217 

(6247)A 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF MICROBIOLOGY 


JUNIOR RESEARCH 
ASSOCIATE 
(FERMENTATION 
TECHNOLOGY), 
POSTDOCTORAL 
RESEARCH ASSOCIATE, 
JUNIOR RESEARCH 
ASSOCIATE 


The following posts, financed by a 
grant from Tyne and Wear County 
Council, within the Microbial 
Technology Group, are available for 
two years for the promotion of the 
industrial exploitation of the Group’s 
research activities. 


JUNIOR RESEARCH 
ASSOCIATE 
(FERMENTATION 
TECHNOLOGY) 


To take charge of the day to day 
operations of the Fermentation Unit 
and to provide support for collabor- 
ative projects with local industry. 
Applicants should have a good 
honours degree in an appropriate 
biological subject and experience in 
fermentation and/or appropriate 
industrial or research experience in 
running fermenters. Commencing 
salary up to £7,520 per annum on the 
National Range IB salary scale 
(£6,600 - £8,920 per annum). 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


To work on the development of new 
techmques for the isolation and 
screening of novel microorganisms 
for new bioactive compounds. Appli- 
cants should have experience in 
Microbiology or a related biological 
discipline and preference will be 
given to those familiar with analytical 
techniques used in chemosystematics 
and with computer assisted data 
handling methods. Commencing 
salary up to £7,980 per annum on the 
National Range [A salary scale 
(£7,520 - £12,150 per annum). 


JUNIOR RESEARCH 
ASSOCIATE 


To work with the postdoctoral 
Research Associate on the isolation 
of novel microorganisms. Applicants 
should hold a good honours degree in 
a biological subject. Commencing 
salary £6,600 per annum on the 
National Range IB salary scale 
(£6,600 - £8,920 per annum). 


JUNIOR RESEARCH 
ASSOCIATE 


To work with the postdoctoral 
Research Associate on the isolation 
of novel microorganisms. Applicants 
should hold a good honours degree in 
a biological subject. Commencing 
salary £6,600 per annum on the 
National Range IB salary scale 
(£6,600 - £8,920 per annum). 


Written applications, providing 
full curriculum vitae and names and 
addresses of three referees should be 
submitted to Professor A R 
Archibald, Microbial Technology 
Group, Department of Micro- 
biology, Medical School, Fram- 
lington Place, Newcastle upon Tyne, 
NE2 4HH. Tel 0632 328511 Ext 3710 
not later than 23rd May 1985. 

(6302)A 


i 





UNIVERSITY OF LONDON 
INSTITUTE OF 
PSYCHIATRY 


DEPARTMENT OF 
NEUROPATHOLOGY 


"NEW BLOOD” 
LECTURESHIP IN 
NEUROIMMUNOLOGY 


Applications are invited for a ‘‘New 
Blood”? lectureship ın Neuroim- 
munology in the Department Of 
Neuropathology from 1 October 
1985. Applicants should have research 
interests in the development of anti- 
bodies as cell-specific markers to be 
used for the identification of various 
types of cells in the brain. The suc- 
cessful candidate will be expected to 
follow progress 1n immunology rele- 
vant to Neurological and mental 
illness to assist in the development 
of the clinical application of recent 
discoveries and to teach neuro- 
immunology to postgraduate 
psychiatrists and neuroscientists. 


Salary according to age, qualifica- 
tions and experience either on the Lec- 
turer scale (£7,520 — £14,925 plus 
£1,233 London Allowance) or the 
Clinical Lecturer scale (£10,130 — 
£17,560 plus £807 London 
Allowance). 


Further information can be obtain- 


| ed from Professor P L Lantos and 


application forms are available from 
Miss M E Harries, Department of 
Neuropathology. Tel 01-703 5411 Ext 
338. 


Applications with a full curriculum 
vitae should be returned to the 
Secretary, Institute of Psychiatry, 
De Crespigny Park, Denmark Hill, 
London SES 8AF by 12 May 1985. 

(6268)A 


UNIVERSITY OF LEICESTER 


DEPARTMENT OF ASTRONOMY 
ACCRETION PROCESSES 
ON COMPACT OBJECTS 


An SERC-supported postdoctoral 
position 1n the above research area 
will be available from October 1985. 
Present work in this area in the 
Astronomy Department includes 
theoretical studies of accretion 
processes in cataclysmic variables 
and X-ray binaries, and interpre- 
tation of EXOSAT and other results 
on these systems obtained on 
collaboration with members of the 
X-ray Astronomy Group. Applica- 
tions are invited from both theo- 
retical astrophysicists with 
backgrounds in relevant subjects 
(e.g. astrophysical fluid mechanics, 
solar/stellar physics, or accretion 
processes in other contexts) and from 
astrophysicists experienced in the 
interpretation of data from related 
systems. 


The post is tenable for up to three 
years, at a starting salary (under 
review) up to £9,390 plus USS 
benefits, depending on qualifications 
and age. Further information can be 
obtained from Dr A R King, 
Astronomy Department, University 
of Leicester, Leicester, LE] 7RH. 
Applications, including a curriculum 
vitae and list of publications, must be 
received by 15 June, 1985, and appli- 
cants should themselves request two 
referees to write to Dr King by the 
same date. (6291)A 
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CSIRO 


AUSTRALIA 
RESEARCH FELLOW 
$A25,342 — $A37,274 

DIVISION OF MOLECULAR BIOLOGY 
SYDNEY NSW 


FIELD: Molecular Biclogy/ Genetic Engineering. 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization's research 
activities are grouped into five Institutes. Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial Tech- 
nology and Physical Sciences. The CSIRO Division of Molecular 
Biology is a member of the Institute of Animal and Food Sciences 

GENERAL: The Division of Molecular Biology conducts scientific 
research in molecular genetics and cell biology !t has a staff of 
approximately 100 Programs are divided into Animal Cell Growth and 
Development, DNA Maintenance and Modification, and Gene 


Technology. Itis situated in Sydney, at North Ryde, close to Macquarie 
University and major biotechnology companies. 


DUTIES: The appointee will be located in the Gene Technology 
program, and will undertake collaborative research in isolation, analysis 
and expression of genes coding for vaccine antigens, and the 
development of novel systems for their delivery in vivo. The broader 
activities of this program include research into the regulation of gene 
expression in animal, fungal and procaryotic systems. 
QUALIFICATIONS: A PhD degree or equivalent qualifications in 
molecular genetics, biochemistry or related discipline, preferably with 
relevant post-doctoral training, Experience in recombinant DNA 
research is essential. Experience in molecular techniques of protein and 
immunological analysis would be an advantage. 

TENURE: A term of 3 years with Australian Government super- 
annuation benefits available. 


APPLICATIONS: Stating relevant personal particulars, 
including details of qualifications and experience, the names of 
at least two professional referees and quoting reference No. 
A3475, should be directed to: 

Dr G.W. Grigg 

Chief 

CSIRO Division of Molecular Biology 
PO Box 184 

NORTH RYDE NSW 

AUSTRALIA 2113 


by four weeks from date of application. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1828)A 








MACAULAY INSTITUTE 
FOR SOIL RESEARCH 


DEPARTMENT OF 
MINERAL SOILS 


HIGHER 
SCIENTIFIC OFFICER 


Applications are invited for appointment on a 3-year contract, 
on the Surface Water Acidification Programme (SWAP) under 
the auspices of The Royal Society, The Norwegian Academy of 
Science and Letters and the Royal Swedish Academy of 
Sciences. 


A physical chemist/geochemist/soil chemist is required to 
conduct research into the chemisry of soil/ water interactions at 
three river catchments in Scotland as part of an integrated study 
of the effects of acid deposition on the acidification of surface 
waters and on the survival of fish and freshwater biota 


Candidates should possess a First or Upper Second Class 
honours degree in chemistry, geochemistry, or soil science with 
at least two years' relevant post-graduate experience. Salary 
£7,435 — £10,039 per annum according to experience Non- 
contributory superannuation scheme operative. The Macaulay 
institute for Soil Research is an Equal Opportunities Employer. 


Forms of application and further particulars may be 
obtained from The Secretary, The Macaulay Institute for 
Soil Research, Craigiebuckler, Aberdeen AB9 2QJ, to 
whom they should be returned by 20 May 1985. | 

Quote Ref. SWAP/3/85. (6286)A 
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APPLIED BIOSYSTEMS LT 
DNA SYNTHESIS 
PEPTIDE SYNTHESIS 


The leading company in the field of instrumentation for 
biotechnology reseach seeks two specialists in the areas 
of.DNA Synthesis and Peptide Synthesis for its newly es- 
tablished U.K. subsidiary. The positions are both in our 
Technical Support Group and will be based at Birchwood 
Science Park, Warrington where new laboratories are 
, currently under construction. To be considered, a candi- 
date must have a first class academic background and 
direct experience of current methods of DNA Synthesis, 
particularly Amidite Chemistry, and for the Peptide 

position of Solid Phase Peptide Synthesis. 

C.V. and current salary requirements to 
Mrs A Thompson , 

Applied Biostystems Ltd 
Kelvin Close QR 
Birchwood Science Park  , а 
Warrington, Cheshire Tel. 0925-825650 2 














































POSTDOCTORAL TRAINING . 
PROGRAM IN SLOW INFECTIONS 


NIH/UCSF Postdoctoral training program in the molecular biology and 
chemical structure of slow infectious agents, or prions. Program em- 
phasizes studies on experimental scrapie in rodents as a model 
degenerative neurologic desease Areas of study include: molecular clon- 
ing, expression of cloned genes, gene mapping and time structure, im- 
munogenetics, production of monoclonal antibodies to synthetic pep- 
tides, ultrastructure and x-ray diffraction of filamentous and membrane 
proteins, molecular neuropathology and experimental neurology Pro- 
gram is directed by five UCSF faculty members. Candidates should be 
0:5. citizens or permanent residents committed to a research career 
and hold a Ph.D., M D. or D.V M. degreé. Experience in molecular 
biology, biochemistry, biophysics, macromolecular structure, im- 
munology, virology, neurology or neuropathology is encouraged. 
Appointments, beginning June 1, 1985, are for 3 years with a salary 
ranging from $15,996 to $30,000. : 

Send curriculum vitae and 3 letters of reference to Dr. Stanley 
Prusiner, Department of Neurology, HSE 781, University of 
California, San Francisco, CA 94143. 


The University of California is an affirmative action equal 
opportunity employer. (NW1710)A 



























POSITION AVAILABLE, AT THE UNIVERSITY 
OF CALIFORNIA, DAVIS IN HUMAN 
DEVELOPMENT 


12-month (including one month vacation), 7096 teaching/30% 
research, tenure-track position at the Assistant Professor level, 
beginning January 1, 1986 (negotiable). Salary range. 
$29,600-$33,600 (range adjustment expected 7/1/85). Applicants 
must hold a Ph D in relevant discipline with a specialization in 
human behavioral development. Emphasis in biological bases of 
behavior or behavioral genetics is highly desirable. Must have 
demonstrated research expertise in adolescent/adult development. 
Responsibiltties will include teaching and advising in Child/ Human 
Development at the undergraduate and graduate levels. 


A vita, a statement of qualifications, list of publications, 
transcripts of undergraduate and graduate work if within 5 
years of receiving doctorate, and names and addresses of at 
least three references should be sent to: R. H. Kraft, Chair, 
Human Development Search Committee, Department of 
Applied Behavioral Sciences, U.C. Davis 95616. Final filing 
date: To be assured of consideration applicants should 
submit materials by July 31, 1985. 


The University of Calfornia is an Affirmative Action/Equal 
Opportunity Employer. (NW1638)A 









UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF 
PHARMACOLOGY 


UNIVERSITY LECTURER 
OR 


UNIVERSITY, 
DEMONSTRATOR IN 
IMMUNOPHARMACOLOGY 
New Blood 


Applications are invited for a post of 
either a University Lecturer or a 
University Demonstrator (the 
equivalent of University Assistant 
Lecturer) in the Department of Phar- 
macology, appointment to commence 
on 1 October 1985 or as soon 
thereafter as possible. 


The person appointed will be ex- 
pected to develop a research pro- 
gramme in immunopharmacology 
and be involved in undergraduate 
teaching. 


Applicants should have a PhD 
degree or equivalent and research ex- 
perience in cellular or molecular 
immunology. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
of the Appointments Committee for 
the Faculty of Biology ‘B’, 19 Trum- 
pington Street, Cambridge CB2 1QA, 
to whom applications (10 copies) in- 
cluding a curriculum vitae, list of 
pubhcations and the names of not 
more than three referees, should be 
‘sent so as to reach him not later than 
1 June 1985. (6262)A 


UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF GENETICS 


Applications are invited for two 
posts: 


UNIVERSITY, LECTURESHIP 
OR DEMONSTRATORSHIP 


{equivalent to UAL) in the field of 
Molecular Plant Genetics under the 
new Blood Scheme. The person 
appointed will be expected to 
establish a research programme and 
to undertake teaching. 


UNIVERSITY 
DEMONSTRATORSHIP 


preferably in the field of microbial 
genetics (either bacteria or yeast) 
though well qualified- candidates 
from other areas of genetics will also 
be considered. 


Relevant pensionable scales of 
stipends are as follows: UL £10,330a 
year rising by eleven annual incre- 
ments to £15,930. UD £7,980 a year 
rising by four annual increments to 
£9,860. Informal enquiries concern- 
ing either of these posts can be made 
to Professor J R S Fincham, Depart- 
ment of Genetics, Downing Street, 
Cambridge CB2 3EH. 


Further particulars may be 
obtained from Secretary to the 
Appointments Committee, Faculty 
of Biology A, Zoology Department, 
Downing Street, Cambridge CB23EJ 
to whom application '(3 copies) 
including curriculum vitae and names 
of three referees should be sent to 
reach him by 31st May 1985. 


Applications for new blood post 
should be marked ‘NBGEN’. 
(6276)A 


UNIVERSITY OF DURHAM 


POSTS IN ELECTRONICS/ 
ELECTRONIC 
ENGINEERING 


Applications are invited for the 
following posts in a new School о! 
Engineering and Applied Scienct 
being formed in Durham to consoli: 
date expansion of existing electronic: 
research and teaching in the Uni. 
versity. 
CHAIR OF ELECTRONICS 


Applicants should have a wide range 
of interests in digital and analogue 
electronic circuits and systems. It 1 
expected that the person appointec 
will have an established reputation 
for research combined with recent 
experience in industry or close 
collaboration with industry. 


. THREE LECTURESHIPS 


The University has created three new 
Lectureships in Electronics/ 
Electronic Engineering. Candidate: 
should preferably have experience 1n 
digital or analogue circuit or system 
design and their applications in 
communications, signal processing, 
or information engineering. 
Preference will be given to candidates 
who have recent experience in 
industry or have collaborated with 
industry in a research programme. 


Ѕајапеѕ on the scales (under 
review) - Professors, basic, £18,172 
-£21,156; Lecturers £7,520 - £14,925 


| with the usual pension arrangements. 


Applications, (chair - 12 copies; 
Lectureships - 3 copies) naming three 
referees by 31 May 1985 to the 
Registrar, Science Laboratories, 
South Road, Durham, DHI 3LE, 
from whom further particulars may 
beobtained. (6301)A 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH BIOCHEMIST 
(Scale 1A) 


Applications are invited for thc 
above position to pursue геѕеагсі 
into the mechanism of action ol 
insulin. The post is funded under ar. 
MRC Programme Grant (to Dr R M 
Denton) and will be available from 1 
July 1985 until 30 September 1988 іг 
the first instance, with a starting 
salary in the range £7,520 — £9,86( 
(under review). 


Studies will be.largely concernec 
with exploring the mechanisms in. 
volved in the effects of insulin on th« 
activity of pyruvate dehydrogenast 
and other enzymes in mammaliar 
cells (especially fat cells). ' 


‚Applicants with appropriate 
experience, for example in the stud) 
of reversible phosphorylation of pro 
teins or mitochondrial metabolism 
should send a complete Curriculum 
Vitae, plus the names of two or three 
referees to Dr R M Denton, Depart. 
ment of Biochemistry, University o! 
Bristol Medical School, University 
Walk, Bristol BS8 ITD (0272-24161 
ext 798), from whom further infor 
mation can be obtained. 


Closing Date: 30 May 1985. 
(6289A 
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THE ROWETT RESEARCH 
INSTITUTE 
Bucksburn, Aberdeen, 
AB2 9SB 


DEPARTMENT OF MICROBIAL 
BIOCHEMISTRY 


MOLECULAR BIOLOGIST 


Applications are invited for a new 
3-year post in the Department of 
Microbial Biochemistry to investigate 
gene manipultion in the exploitation 
and study of fungal cellulases. 


The appointee would be expected 
to collaborate with other biochemists, 
molecular biologists and physical 
chemists at the Rowett Institute and 
elsewhere to obtain basic information 
on the structure/function relation- 
ships of cellulase components. The 
long term objective would be to ob- 
tain, by site specific mutagenesis, 
cellulases with new properties which 
would attract commercial interest. 


Applicants should possess a first or 
second class honours degree in 
biochemistry or microbiology with a 
PhD and relevant experience in 
molecular biology. 


Salary will be in the grades of 
SSO/HSO — £9,329 to £12,050 and 
£7,435 to £10,039 pa respectively (pay 
award pending). The Institute 
operates a non-contributory Superan- 
nuation Scheme although 1%%% is 
contributed for dependent relatives. 
The Institute 1s an Equal Oppor- 
tunities Employer. 


Letters of application accompanied 
by a CV and the names and addresses 
of two referees should be sent to the 
Secretary at the above address by 23 
May 1985 (6267)A 





CRYSTALLOGRAPHY 
GROUP 


UNIVERSITY CHEMICAL 
LABORATORY 
Cambridge, UK 


POST-DOCTORAL 
CRYSTALLOGRAPHER 


Post-doctoral crystallographer wanted 
to join a group of chemists and 
crystallographers working on the 
structure of DNA fragments and 
DNA-drug complexes 


The group have well developed 
techniques for synthesis and 
crystallisation, are currently working 


UNIVERSITY OF 
EDINBURGH 
Reproductive Endocrinology 
Laboratory 


DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 
CENTRE FOR REPRODUCTIVE 
BIOLOGY 


SENIOR LECTURER 
(non-clinical) 
Applications are invited for the post 
of Senior Lecturer (non-clinical) in 

the above Department. 


As Director of the Reproductive 
Endocrinology Laboratory, the 
successful applicant will be 
responsible for providing a limited 
range of hormone assays for 
clinicians in reproductive medicine. 
The salaries of 9 technicians, 2 secre- 
tares and running costs are reim- 
bursed by the Lothian Health Board 
In addition to service activities, the 
successful applicant will be expected 
to take advantage of the excellent 
opportunities for research available 
within the Centre for Reproductive 
Biology which contains the Depart- 
ment of Obstetrics and Gynaecology 
(Professor David T Baird) and the 
MRC Unit of Reproductive Biology 
(Director: Dr D W Lincoln) 


The salary will be within the range 
£14,135 - £17,705 per annum together 
with superannuation under USS. 


Further enquiries to: Professor 
David T Baird, Department of 
Obstetrics and Gynaecology, Centre 
for Reproductive Biology, 37 
Chalmers Street, Edinburgh EH3 
SEW. Tel No: 031-229 2575. 


Further particulars may be 
obtained from the Secretary to the 
University, University of Edinburgh, 
Old College South Bridge, 
Edinburgh EH8 9YL, with whom 
applications (12 copies) including 
curriculum vitae and the names and 
addresses of three referees, should be 
lodged not later than 18/5/85. 


Please quote Reference No 538. 
(6142)A 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF FORESTRY 
*NEW BLOOD' LECTURER 
IN TREE BIOTECHNOLOGY 
A ‘New Blood’ post is available in the 
above department specifically to 
develop the roles of tissue culture, 


micropropagation and protoplast 
fusion in the breeding of forest trees. 


Classified 9 


Natural 
Environment 
Research 
Council 


Directors of Science 


Swindon based £29,500 


The Natural Environment Research Council wishes to 
appoint three new Directors to make a contribution at the 
highest ievel in the formulation and implementation of 
scientific policy in the following areas 


Earth Sciences: 

Geology, solid earth geophysics, geochemistry, glaciology 
and aspects of physical geography applied to the under- 
standing of the origin and structure of the earth and the 
processes instrumental in its formation and evolution 


Marine Sciences: 
Physical, chemical and biological oceanography, ocean/ 
atmosphere interaction, including meteorology, climatology 
and marine biology 


Terrestrial & Freshwater Sciences: 

Hydrology, hydrochemistry and freshwater biology, 
terrestrial ecology and related sciences, including forestry 
and land/atmosphere interactions 


Responsible to Council through the Secretary and 
Chairman, the Directors will advise on the allocation of 
funds for research programmes at NERC establishments 
and in universities, and have overall responsibility for the 
management of resources and implementation of research 
programmes within their own field 


Candidates for these posts should have the highest 
international scientific reputations and an overview of their 
Science across Research Councils, Universities and 
Industries They should also have experience in the 
management of research in particular and of resource 
management in general The appointments will be made 
at Grade 3 level on a salary of £29,500. Period appoint- 
ment or secondment preferred though permanent 
appointment will be considered The individuals 
appointed will have offices at Swindon but will need to 
travel extensively A contribution towards relocation 
expenses may be made 


Further details and an application form, indicating which 
Director post you are applying for, are available from 
Jem Purkis on Swindon (0793) 40101, ext 423 Completed 
applications should be returned by 31 May 1985 to 
Dr E Buttle at the Natural Environment Research Council, 
Polaris House, North Star Avenue, Swindon, Wiltshire, 
SN2 1EU 
(6329)A 


Environmental 
Research 


UNIVERSITY OF ARIZONA 
STRATIGRAPHY 


The Department of Geosciences at the University of Anzona invites 
applications for a tenure-track academic position in stratigraphy. We 


are particularly interested in candidates whose research efforts are 
directed toward the application of stratigraphy to problems in paleo- 
biology, biostratigraphy, sedimentology, or paleotectonics We seek 
an individual capable of creative and interdisciplinary approaches to 
conceptual issues as ‘well as practical problems in the paleobiological 
and sedimentological aspects of stratigraphy Duties include teaching 
undergraduate stratigraphy, developing graduate course material to 
complement and extend existing programs, advising students, 
directing graduate research and developing a vigorous research 
program. 


on four different structures with base 
pair mismatches and have data for 
many more. Experience in 
macromolecular crystallography 
would be an advantage but en- 
thusiasm for tackling challenging pro- 
blems and experimental/stucture- 
solving skills are more important. The 
project 188 long term one supported 
by the MRC with salaries age-related 
on the University scale, One of the 
posts might be of interest to someone 
wishing to join in the work for a sab- 
batical year. 


This will be part of an existing tree 
breeding programme concentrating 
particularly on broadleaved spectes. 


Candidates should possess, or be 
about to obtain, a PhD and have a 
degree or expertise in Genetics, Bio- 
chemistry or Developmental Biology. 
Experience in manipulation of proto- 
plasts would be an advantage. 


Salary will be on the Lecturer scale 
£7,520 — £14,925 per annum (scale 
under review) with appropriate 
placing 


Further particulars and appli- 
cation forms from The Secretary, 
The University, Aberdeen, with 
whom applications (2 copies) should 
be lodged by 5 July 1985. (6272)А 


Rank and salary will be commensurate with experience and 
ualifications The position will be available August, 1986, or sooner 
he Application deadline is August 15, 1985 All qualified persons are 

urged to apply 


Applicants should send curriculum vitae, bibliography, statement and 
research interests, and names and addresses of four references їо Dr. 
George H Davis, Department Head, Department of Geosciences, The 
University of Arizona, Tucson, Arizona 85721. The University of 
Arizona ts an Equal Opportunity/ Affirmative Action Emplo к 





Please apply in writing to Dr Olga 
Kennard, Chemical Laboratory, 
Lensfield Road, Cambridge CB2 
1EW, UK, or telephone 0223 66499 
ext 331. (6258)A 
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POSTDOCTORAL POSITIONS 


Lipids-Atherosclerosis-Nutrition Training Program funded by NHLBI 
Postdoctoral traineeships are available for research and training in areas 
of a) lipoprotein stucture, b) apoplipoprotein metabolism, c) interaction 
of apoproteins with lipoprotein lipase, d) effect of diet on plasma 
lipoprotein and apolipoprotein content and metabolism, f 
development of cholesterol and bile acid homeostatic mechanism, g 
pathogenesis of atherosclerosis including the role of prostaglandins, h) 
role of branched chain amino acids in lipid metabolism and nutrition, i) 
vascular pathology in juvenile diabetes, j) modulation of lymphocyte 
physiology by membrane bound lipoproteins and К) eipdemiological 
and behavioural aspects of hyperlipoproteinemia. Faculty includes 
W F Balistreri, M.D., J.A K. Harmony, Ph.D , J.E Heubi, M.D , J.E. 
Fischer, M.D., C.J. Glueck, M D., RL. Jackson, Ph.D., M.L. 
Kashyap M.D. J.M Vander Bel-Kahn, M.D., E.A Stein, M.D, 
M.T.R. Subbiah, Ph D. and R.C. Tsang, M.D 

Candidates with a Ph.D. degree in biomedical or behavioural fields and 
those with M D. degree, with appropriate research exprience, are 
eligible to apply. Applicants must be U.S. citizens or hold an immigrant 
visa. 

Send curriculum vitae with 3 letters of recommendation indi- 
cating the special area of research interest to: Dr. M.T. 
Subbiah, Program Director, Lipids-Atherosclerosis Nutrition 
Training Grant, University of Cincinnati Medical Center, 234 
Goodman Street, K-Pavilion, M.L. 540, Cincinnati. Ошо 0, 





COLAISTE МА HOLLSCOILE CORCAIGH 
UNIVERSITY COLLEGE CORK 


LECTURESHIP IN 
ZOOLOGY 


Applications are invited from qualified zoologists with practical 
experience in aquaculture for a contract lectureship in Zoology, 
contributing to an interdisciplinary M.SC. programme in Aqua- 
culture. Salary will be within the range IR £12,718 — IR £15,042 
p.a. 

Application forms and further information may be 
obtained from Professor M.F. Mulcahy, Department of 
Zoology, University College, Cork. Closing date for 
receipt of completed application forms is Friday, 24 May, 





1985. 






(6330)A 





UNIVERSITY CHEMICAL 
LABORATORY 
Cambridge, UK 


POST-DOCTORAL 
CHEMIST 


Post-doctoral chemist with interest in 
molecular biology wanted to join a 
group of chemists and crystallo- 
graphers working on the synthetic 
DNA fragments and complexes. The 
group has just completed the deter- 
mination of several structures with 
base pair mismatches 


Future plans include the study of 
DNA and RNA fragments of 
biological mterest, some with novel 
modified bases. Work 15 also 1n pro- 
gress on DNA-drug complexes. 


The projects are exciting and exac- 
ting with good opportunities for gain- 
ing new expertise and building up a 
strong publication list. Experience of 
oligonucleotide of peptide synthesis 
would be an advantage, but it is not 
essential. The project 1s supported by 
the long-term MRC grant with ade- 
quate funds at the Research Assistant 
or Associate level, depending on age 
and experience. 


Please apply in writing to Dr Olga 
Kennard, Chemical Laboratory, 
Lensfield Road, Cambridge, CB2 
IEW, UK, or telephone 0223 66499 
ext 331 (6257)A 


UNIVERSITY COLLEGE 
CARDIFF 


GEOLOGY DEPARTMENT 


RESEARCH 
DEMONSTRATOR 


Applications are invited for the post 
of Research Demonstrator in the 
Department of Geology, tenable for 
three years. Candidates should be pur- 
suing a higher degree and preferably 
have had some relevant postgraduate 
experience. Interests may lie in any 
branch of the earth sciences though 
preference will be given to candidates 
with expertise in a major area of 
undergraduate teaching within the 
department. 


Departmental commitments will 
amount to about 10 hours per week, 
plus occasional fieldwork in vaca- 
tions. Salary will be within the range 
£6,600 — £7,980 per annum. Duties 
to commence Ist October or as soon 
as possible thereafter. 


Applications, 2 copies, together 
with the names and addresses of two 
academic referees should be sent to 
the Establishment Officer, Universi- 
ty College, PO Box 78, Cardiff CFI 
IXL from whom further particulars 
are available. Closing date 24th May, 
1985. Ref: 2942. (6251)A 






















ASSISTANT PROFESSOR 


Yale University School of 
Medicine 


Section of Neuroanatomy 


NEUROBIOLOGIST 


With experience in ultrastructural, 
pathway tracing, and immuno- 
histochemical approaches to the 
analysis of organization and develop- 
ment of mammalian cerebral cortex. 
The position requires a small amount 
of teaching and organizing laboratory 
exercises for medical students. 


Submit résumé to Chairman, Sec- 
tion of Neuroanatomy, Yale 
University, School of Medicine, 
New Haven, Ct. 06501. Yale is an 
Equal Opportunity/Affirmative 
Action Employer. — (NW1708)A 









NORTHWESTERN 
UNIVERSITY 
Medical and Dental Schools 


Department of 
Microbiology/Immunology 
and Cancer Center 


POSTDOCTORAL POSITION 


Applications are invited for a 
funded postdoctoral research 
position to study oncogene 
Suppressors in human cells. 
Strong background in molecular 
biology preferred. 

Applicants should send 
curriculum vitae and names, 
addresses and phone numbers 
of three references to: 

Dr Noel Bouck, Northwestern 
University, Department of 
Microbiolgy/Immunology, 303, 
E. Chicago Ave., Chicago, IL 
0611. NW1714)A 


UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 

Applications are invited for a 

LECTURESHIP IN 
ASTRONOMY 

tenable in the Department of Physics 

from 1 October 1985. Applicants 

with experience in any branch of 

observational or theoretical 

astronomy will be considered. 


























Starting salary on the scale (under 
review) £7,520 - £14,925 plus USS. 


Applications (3 copies) naming 
three referees should be sent by 15 
June 1985 to the Registrar, Science 
Laboratories, South Road, Durham 
DH1 3LE, from whom further par- 
ticulars may beobtained. (6281)А 


UNIVERSITY OF 
EDINBURGH 


TEMPORARY LECTURER 
IN ZOOLOGY 


Applications are invited for a 
temporary Lectureship in Zoology 
for one year only from 1 October 
1985. This post is financed by the 
Nuffield Foundation and the maxi- 
mum salary is point 4 of the Lecturer 
scale. The main teaching duties are in 
evolution and population biology. 
Further particulars can be obtained 
from the Secretary to the University, 
University of Edinburgh, Old 
College, South Bridge, Edinburgh 
EH8 9YL with whom applications by 
letter (2 copies) including a curricu- 
lum vitae and the names of two 
referees should be lodged not later 
than 31 May 1985. Please quote 
referencenumber 1188. — (6296)A 
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Southampton 
THE 
А) UNIVERSITY 


INSTITUTE OF CRYOGENICS 
Applications are invited for the 
post of Lecturer in the Institute of 
Cryogenics. Candidates should 
have a Ph.D. and research experi- 


ence in applied low temperature 
physics or cryogenic engineering 
anda strong interest in teaching. 
The post wi 


p will require development 
of links with industry via collabor- 
ative research and continuing 
education activities. 

Salary within scale:— £7,520 — 
£14,925 per annum {under re- 
view). The appointment will be 
for an initial five yea period. 
Further particulars may be ob- 
tained from Mr. D.A.S. 
Copland, The University, 
Southampton SO9 5NH, to 
whom applications (7 copies 
from U.K. applicants) should 
be sent not later than 27 May 
1985 quoting reference 
number 2155, (6282)A 





UNIVERSITY OF GLASGOW 


CHAIR OF COMPUTING 
SCIENCE 


Applications are invited for a chair ii 
computing science, in the area o 
computing systems design and imple 
mentation or in the practica 
application or computing languages 
databases, knowledge represen 
tation, special purpose compute 
architecture and graphics based man 
machine interfaces. The applican 
should have interests in one of thre 
topics or in a related area such a 
distributed processing, softwar 
engineering, or theoretical aspects o 
computing science. 


The appointment will be tenabl 
from Ist October, 1985 or othe 
mutually convenient date. 


Further particulars may b 
obtained from:— The Academi 
Personnel Office, University o 
Glasgow, Glasgow G12 8QQ, wher 
applications (3 copies, ! copy in th 
case of overseas applicants), givin 
the names and addresses of thre 
referees, should be lodged on c 
before 10th June 1985. 


In reply please quote Ref N 
5472M. (6328)A 
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UNIVERSITY OF 
BIRMINGHAM 


Faculty of Medicine and 
Dentistry 


RESEARCH ASSOCIATE: 
PHYSIOLGY 


Applications invited for the above 
post funded by the Muscular 
Dystrophy Group of Great Britain 
and Northern Ireland. Applicants 
should have a good honours degreein 
Physiology, Biochemistry or a re- 
lated discipline. The appointment is 
red and begins on 1 October 


Salary scale £6,600 — £8,920 with 
superannuation. 


Further details can be obtained 
from Dr M E Smith (Tel 021 472 1301 
ext 2446). Applications with curricu- 
lum vitae and the names and 
addresses of two referees should be 
sent to the Assistant Registrar, 
Medical School, Birmingham B15 
2TJ by 21 May 1985. (6314)A 


UNIVERSITY COLLEGE 
CARDIFF 


BIOCHEMISTRY DEPARTMENT 


RESEARCH ASSISTANT 
(3 YEARS) 


Applications are invited for the above 
3 year post on ‘Comparative aspects 
of the effects of heavy metals on lipid 
metabolism and photosynthesis in 
marine algae’. Salary Grade 1B £6,600 
— £7,520 per annum. Duties to com- 
mence 1st October, 1985. 


Applications, 2 copies, together 
with the names and addresses of two 
referees should be forwarded to the 
Establishment Officer, University 
College, PO Box 78, Cardiff CFI 
1XL. Further particulars are available 
from Professor J L Harwood, Tel: 
Cardiff 44211 ext 2268. . Closing date 
23rd May, 1985. Ref: 2939 

(6252)A 





THE UNIVERSITY OF 
SYDNEY 


School of Biological Sciences 
(Biophysics Laboratory) 


POSTDOCTORAL FELLOW 
— Reference no 16/10 


For research in plant electrophysiol- 
ogy. Experience in patch-clamp 
and/or perfusion techniques an 
advantage. A PhD in relevant area is 
required. Appointment is for two 
years. 


Salary range: $A21,411 — $23,903 
per annum (under review). 


The University reserves the right 
not to proceed with any appointment 
for financial or other reasons. 


Applications, quoting reference 
no, including curriculum vitae and 
the names and addresses of three 
referees, to the Registrar, University 
of Sydney, NSW 2006, Australia, by 
31 May 1985. (W1834)A 


UNIVERSITY OF 
‘ EDINBURGH 


DEPARTMENT OF ZOOLOGY 
RESEARCH ASSOCIATE 


Required to work on the molecular 
genetics of the cell cycle in fission 
yeast. The position, supported by the 
Cancer Research Campaign for a 
period of three years, is available 
immediately. 


The project 1s concerned with the 
clomng and analysis of cell cycle genes 
and their products in fission yeast. 
The techniques employed will main- 
ly be those of recombinant DNA and 
nucleic acid manipulations, yeast 
transformation, and genetic analysis. 


Candidates should have experience 
1n these areas and an honours degree 
m a relevant subject. Salary is accor- 
ding to age and experience on the RA 
1B scale (£6,600 — £8,920). 


Applications (2 copies) including a 
curriculum vitae and names and ad- 
dresses of two referees, should be sub- 
mitted by 24th May to Dr P A Fantes, 
Department of Zoology, University of 
Edinburgh, West Mains Road, Edin- 
burgh, EH9 3JT, from whom further 
particulars may be obtained. Please 
quote reference number 5248. 

(6269)A 


YOUNG RESEARCH worker 
required to participate in project on 
renal disease (hyperfiltration syn- 
dromes). The ability and dedication 
to carry out high precision radio- 
immunoassays (RIA) will be essential 
and familiarity with RIA and compu- 
ter handling of data, an advantage. 
The project is suitable for work to- 
wards a higher degree. Salary up to 
£8,753, according to age and experi- 
ence. The position 1s available for 3 
years (first six months are a proba- 
tionary period). Applications with full 
c.v. and names and addresses of 2 
referees should be sent not later than 
(2 weeks after publication) to The 
Administration Officer, The 
Middlesex Hospital Medical School, 
Cleveland Street, London WIP 7PN. 
(6260)A 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF GEOLOGY 


EXPERIMENTAL OFFICER 
(COMPUTING) IN 
GEOPHYSICS 


This new post 15 to provide labor- 
atory, field and computing support in 
geophysics teaching and research 
programmes to members of staff. 


Applications are invited from 
Science graduates with physics or 
geophysics or computer science 
training. Familiarity with BASIC and 
FORTRAN 77 will be an advantage. 


Salary on the IB scale for Other 
Related Staff: £6,600 to £10,330 a 
year (under review). 


Further particulars from the 
Registrar, University of Leicester, 
University Road, Leicester LEI 
7RH, to whom applications should 
be sent on the form provided by 17 
May 1985. (6279)А 
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LECTURER IN MINERALOGY 
AND GEOLOGY 


Applications are invited for the above post, vacant as 


from 1st January 





salary ran: 
bonus an 


The successful a 
undergraduate courses in minera 


1986 Appointment will be made, 
according to gualticanon and experience, within the 
e R17 267 — 28 889 

attractive staff benefits. 


plicant will be required to teach 
gy and igneous petrology and to 


p.a. with an annual 


supervise postgraudate research in these fields Applicants should have 


a sound knowledge of these sub-disciplines an 


engaged in research. 


should be actively 


Applicants should submit a full curriculum vitae stating present 
salary and the names and addresses of three referees not later 
than 31 July 1985 to the Registrar, (Attention: Appointments 


Office) AC/5413, Universi 


Cape Town, Private Bag, 


Rondebosch, 7700, South Africa. Further information may be 
obtained from the Registrar or The Secretary, SA Universities 
Office, Chichester House, 278 High Holborn, London WC1V 7HE. 
TheUniversity's policy is not to discriminate on the grounds of sex, race 
or religion. Further information on the implementation of fhe policy is 


obtainable on request. 


MOLECULAR BIOLOGIST 


Applications for an assistant profes- 
sorship are invited from individuals 
with major commitment toward re- 
search and whose interests are in the 
structure, regulation or expression of 
viral, or mammalian, genes. Exper- 
tise in genetic engineering of 
enzymology-protein chemistry, an 
asset. Knowledge of or readiness to 
learn French essential. Send appli- 
cations to: Dr Pierre Bourgaux, 
Directeur, Département de Micro- 
biologie, Faculté de Médecine, 
Centre Hospitalier Universitaire, 
Université de Sherbrooke, Sher- 
brooke, Québec, Canada JIH 5N4. 
(NW1728)A 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


JUNIOR RESEARCH 
ASSOCIATE IN CELLULAR 
IMMUNOLOGY 


Applications are invited from 
graduates in biological sciences for 
the post of Junior Research Associate 
to join a project studying the 
mechanism of antigen presentation 
to T lymphocytes, which is funded by 
the MRC. 


The post is available for two years 
from Ist August 1985. Commencing 
salary up to £7,980 per annum on the 
National Range 1B salary scale 
£6,600 - £8,920. 


Written applications including full 
curriculum vitae and the names and 
addresses of three referees to Dr John 
H Robinson, Department of 
Anatomy, University of Newcastle 
upon Tyne, Newcastle upon Tyne 
NE2 4HH. Tel 0632 328511 Ext 2946 
not later than 23rd May 1985. 

(6303)A 


Please mention 





THE BEATSON INSTITUTE 
FOR CANCER RESEARCH 
GLASGOW 


POSTDOCTORAL 

RESEARCH SCIENTIST 
A vacancy is immediately available 
for a postdoctoral research scientist 
to study the involvement of cellular 
genes in benign and malignant human 
tumours associated with papilloma- 
viruses. The appointee will join a 
group studying gene organization and 
expression of papillomaviruses, their 
involvement in oncogenesis, and the 
cellular response to viral infection and 
transformation. 


He/She will collaborate with other 
members of the group and will have 
ample opportunities for interaction 
with other scientists both within the 
Institute and in the University 
scientific departments, the Medical 
School and the Veterinary School. 
Excellent facilities and supporting 
background in molecular biology, 
virology and cell biology are available. 


Applicants should have a PhD in 
molecular or cell biology, and experi- 
ence with current techniques in manı- 
pulation of nucleic acids is essential. 


The post 1s funded by the Cancer 
Research Campaign, and the appoint- 
ment will be for three years, with 
possibility of extension to five, at an 
appropriate point on the University 
Research Grade IA Scale (£7,520— 
£12,150 per annum) according to 
qualifications and experience. 


Applications, together with full CV 
and the names of two referees, should 
be sent to Dr M Saveria Campo, The 
Beatson Institute for Cancer 
Research, | Garscube Estate, 
Switchback Road, Bearsden, Glasgow 
G61 IBD (6259)A 


nature 


when replying to these advertisements 
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THE UNIVERSITY 
OF MANITOBA 
Department of Microbiology 


(am 
PROFESSOR AND HEAD 
OF DEPARTMENT 


The department of microbiology is a constituent department of the 
Faculty of Science and has broad responsibility for the teaching of 
microbiology in honours and majors programs in biochemistry and 
genetics. The department has twelve full-time faculty members and 
offers M Sc. and Ph.D programs in a spectrum of prokaryotic and 
eukaryotic microbiology, molecular biology, and biochemistry 
The university encourages both women and men to apply for positions. 
in accordance. with Canadian immigration requirements, this 
advertisement is directed to Canadian citizens and permanent 
residents. Deadline for applications is July 1, 1985. 
Applications should be directed to: P.K. Isaac, Chair, Microbiology 
Headship Selection Committee, Омог of Manitoba, Facu 
of Science, 250 Machray Hall, Winnipeg, Manitoba, Canada, Н 
2N2. (NW1723)A 


UNIVERSITY OF ULSTER 
Faculty of Science 


RESEARCH OFFICER, 
BIOMEDICAL SCIENCES 


(One year appointment at Coleraine) 


To undertake an investigation, sponsored by the Department of Health 
and Social Services and the Ulster Cancer Foundation, into the influence 
of macrophage-derived products on the suppression of T-lymphocyte 
proliferation in cancer patients 

Applicants should hold, or expect to obtain in the near future, a PhD 
in the area of Cell Biology/Cellular Immunology. 


Salary for this appointment, tenable initially for one year from 1 August 
1985, will be determined by age, qualifications and experience within 
the range £7,520 — £8,920 per annum of the Research and Analogous 
1A Scale {under review) 

Further details are available from the Staffing Office, University 
of Ulster at Coleraine, Cromore Road, Coleraine, Co Londonderry 
BT52 1SA (Telephone Coleraine 4141, Ext 225) to whom 
applications, including a full curriculum vitae and the names and 


Ref: C85/82 


ones of three referees, should be sent not later than 17 May 


ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, 
London W2 IPG 


DEPARTMENT OF BIOCHEMISTRY 
POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for the 
above post to work on a MRC funded 
project on the microdissection and 
microclomng of the mouse X-chro- 
mosome. The project involves the 
construction of detailed molecular 
maps of individual regions of the 
mouse X-chromosome for the isola- 
tion and characterisation of 
interesting genetic loci, in particular 
mdx (X-linked muscular dystrophy). 
The applicant should have experience 
of recombinant DNA technology. 


The post is available immediately. 
Salary is on the 1A scale (starting 
point, £7,520 plus £1,233 pa London 
Allowance) for research staff. 


Enquiries to Dr S D M Brown tel 
(01) 723-1252 ext 333. Apphcations 
including full cv and names and 
addresses of 2 referees to Assistant 
Secretary (Personnel) at above 
address by 13 Мау 1985. (6322)A 


(6309)А 





TRENT POLYTECHNIC | 


Department of 
Life Sciences 


RESEARCH 
ASSISTANT/ 
DEMONSTRATOR 


(£5,910 — £6,657) 


Honours graduates with a first or 
second class Honours degree or 
equivalent in an appropriate 
Biological discipline are invited to 
apply for a research project which 
will lead to an M Phil or PHD 
Degree. The successful candi- 
date will be appointed to one of 
the following projects: 

i. The Effects of Mine Effluents 
оп Fresh Water Invertebrate 
Animals (E/204) И 

п. Protein Profiles іп Physio- 
logical Fluids tn Health and 
Disease (E/206) 

üt Proteolytic Enzymes of Plants 
(E/203) 


Please state the ref no of the 
Project for which you wish to 
apply. 

Further details and application 
forms are available from the 
Staff Officer, Trent Poly- 
technic, Burton Street, 
Nottingham NG1 4BU. Tel 
(0602) 418248. Closing date 17 
May 1985. 6294)A 





SOUTH MANCHESTER 
HEALTH AUTHORITY 


CHRISTIE HOSPITAL & 
HOLT RADIUM INSTITUTE 


Paterson Laboratories 


SENIOR RESEARCH 
TECHNICIAN 


Required in the Department of 
Molecular Biology at The Paterson 
Laboratories, a large multi- 
disciplinary cancer research institute. 


Applications are invited from 
enthusiastic, independent research- 
orientated technical personnel to join 
a team working on the molecular 
biology of Epstein-Barr Virus and its 
relationship to human cancer. 


In addition to performing research 
activities, the successful candidate is 
expected to organize and supervise 
four other technical staff in the day- 
to-day running of the laboratory and 
to take charge of orders and 
accounts. 


Applicants should have several 
years’ relevant experience, preferably 
in molecular biology or related dis- 
ciplines. Experience in handling 
tissue culture cells would be an 
advantage. Salary within the scale 
£7,521 - £9,935 pa, (under review), 
according to age, qualifications and 
experience. 


Further information can be 
obtained from Dr J A Arrand, Tel 
061-445 8123 ext 557. 


Send sae for application form to 
the Laboratory Administrator, 
Paterson Laboratories, Christie 
Hospital, Wilmslow Road, Man- 
chester M20 9BX, quoting reference 
PL/85/4. Closing date: 13 May 1985. 

(6316)A 


PHARMACIST INDUSTRIAL 


to supervise and coordinate re- 
search to develop parenteral 
emulsions for pharmaceutical 
use Applicant must have a Ph.D. 
in Pharmaceutical Sciences with 
two years of industrial experience 
in research and development of 
lipid emulsion products for par- 
enteral, oral and topical use. 
Salary $40,800. per year Job in 
Menlo Park, CA. 
Please send résumé to Job 
No. , P.O. Box ; 
Sacramento, CA 95804 not 
later than May 17, 1985. 
(NW1718)A 





OXFORDSHIRE HEALTH 
AUTHORITY 


Chest Unit Churchill Hospital 


SENIOR PULMONARY 
FUNCTION TECHNICIAN 


required to run small laboratory and 
to be responsible for the current 
research programme. Ideal for 
recently qualified staff or graduate 
with some experience as medical 
physics technician. The position is 
for 2 years duration. 


Salary dependent on qualifications 
and experience commencing at 
£5,404/6,408. 


For application form and job 
description apply to the Personnel 
Officer, Churchill Hospital, Head- 
ington, Oxford. Tel. Oxford 64841 
Ext. 228. (6324)A 
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IMPERIAL CANCER 


RESEARCH FUND 
RESEARCH FELLOW 
required for post-doctoral 
appointment to work on murine 
immunogenetics, immunoregulation, 
and/or lymphocyte development and 
activation at the Fund's Tumour 
Immunology Unit, at University 
College Medical School, London 

WCI. 


Appointment for three years. Salary 
range £10,220 to £12,505 entry 
depending on qualifications and 
experience. 


Applications with CV and names 
and addresses of three referees should 
be sent to: Professor N A Mitchison, 
FRS, Tumour Immunology Unit, 
University College London, Gower 
Street, London, WCIE. (6226)A 


POSTDOCTORAL POSITION 


The Division of Oncology, Depart- 
ment of Medicine, University Hospital 
of Zurich, Switzerland. Ph.D. in 
biochemistry, biology or related freld, 
to study surface antigens and 
transformation processes of human 
respiratory tumors. Duration two, 
possibly three years Experience in 
purification of membrane antigens, 
immunochemistry or recombinant 
DNA techniques desirable. 


Please send CV and names of 
three referees to: Dr Rolf A. 
Stahel, Box Number NW1713, c/o 
Nature, 65 Bleecker Street, New 
York, NY 10012. (NW1713)A 








MEDICAL RESEARCH 
COUNCIL 


National Institute for 
Medical Research 


Scientific Appointment in 
the Laboratory of Gene 
Structure and Expression 


Applications are invited for a 
scientific position in the Labora- 
tory of Gene Structure and Ex- 
pression, (Head: Dr F.G. Gros- 
veld) in the field of studies on the 
regulation of globin gene expres- 
sion. The candidate will be | 
expected to carry out indepen- | 
dent research and should prefer- 
ably have  postdoctoral 
experience in the globin-DNA 
field. Extensive experience with 
recombinant DNA technology 
and tissue culture techniques is 
definitely required 


The positton might be filled either 
by a career or a short-term 
appointment, according to the 
age and experience of the candi- 
date. 


The salary will be at an approp- : 
riate point on the Council's range 
equivalent to University non-clini- 
cal academic staff scales, plus | 
£1,233 London allowance and | 
superannuation provision. 
Applications, giving the 
names of three persons to 
whom reference may be 
made, should be made not 
later than 31st May 1985 to the 
Director, National Institute for 
Medical Research, Mill Hill 
NW7 1AA. Please quote ref: 
GSE/10/C. (6323)A 
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MEDICAL RESEARCH COUNCIL 
National Institute for 
Medical Research 


Computing Laboratory 
COMPUTING 
TECHNIQUES IN 
SEQUENCING 


Applications are invited for a short 
term non-clinical scientific 
appointment, tenable for 3 years, 
from candidates with experience 
of the use of computing 
techniques in DNA and protein 
sequencing. The successful 
applicant will be expected to set 
up facilities in the Institute for the 
handling of international sequence 
data banks and for the 
manipulation of experimental 
data. 


Renumeration will be at an 
appropriate point on the scales for 
university non-clinical academic 
staff plus £1,233 London 
allowance and Superannuation 
proviston. 


Applications, together with a 
full curriculum vitae and the 
names of two professional 
referees should be sent to the 
Assistant Director, National 
Institute for Medical Research, 
Mill Hill, London NW7 1AA by 
31 May 1985 quoting reference 
C/1/G. 

The successful candidate will be 


expected to start not later than 1st 
August 1985. (6313)A 









































POSTDOCTORAL RESEARCH 
ASSOCIATE; (In a research setting). 
Chemist to conduct research work in 
Organic Chemistry on the synthesis 
of derivative of Adamantane and 
Diamantane and their possible poly- 
merization. PhD in Organic Chem- 
istry. Must have manipulative and 
maintenance knowledge of NMR, 
IR, MS, and GC. Job Site: Los 
Angeles. Salary $1605 per month. 
Send this ad and your résumé to: 
Job 7573, PO Box 865, Sacramento, 
California 95804, no later than May 
3,1985. (NW1673)A 


























THE DANA FARBER 
CANCER INSTITUTE 


is seeking to fill one research 
position at the Assistant Professor 
level. Joint appointment will be held 
in an appropriate department at 
Harvard Medical School. Candidates 
should be quahfíed to develop an 
interactive research program 
emphasizing the molecular biology 
of lymphocyte cell surface antigens, 
should hold a doctoral degree (M.D. 
and/or Ph.D) and, preferably, 
should have postdoctoral research 
experience in a related area 


Applications should submit a 
résumé, list of publications, 
statement of research interests 
and the names and addresses of 
3 references to Dr. David 
Kiszkiss, Director for Research, 
DANA-FARBER CANCER INSTITUTE, 
44 Binney St., Boston, MA 02115. 
An Affirmative Action/Equal 
Opportunity Employer. 

(NW1709)A 








"Officer, 


ROYAL HOLLOWAY AND 
BEDFORD COLLEGES 


RESEARCH ASSISTANT 


Applications are invited from Physi- 
cists, Engineers or Applied Mathe- 
maticians, to join a team engaged in a 
range of projects on fundamental 
aspects of Electromagnetic Antennas 
for Millimetric Wavelenghts. This 
project involves both theoretical 
work (using analytical and compu- 
tational techniques) and supporting 
experimental studies in one or more 
of the following areas:— 


(1) Electromagnetic Theory 
(2) Numerical Control Engineering 
(3) Applied Optics 


Candidates should have an apti- 
tude for research and a good degree 
or a postgraduate qualification in a 
relevant subject. Salary scale £9,863 ~ 
£11,093 (under review). 


Applications (2 copies) with 
curriculum vitae and names and 
addresses of 2 referees should be sent 
immediately to the Personnel 
Royal Holloway and 
Bedford Colleges, Egham Hill, 
Egham, Surrey TW20 OEX. 

(6318)A 


Central Haematology Laboratory 
Inselspital, Berne, Switzerland 
Applications are invited for the 

post of 

RESEARCH BIOCHEMIST 
(POSTDOCTORAL RESEARCH FELLOW) 
for a period of two years which 
may be renewed upon mutual 
agreement. The post is available 
immediately. The project is 


concerned with the relationship 
between structure and function of 
factor VIII/von Willebrand factor 


Candidates should have 
experience in biochemistry of 
biological macromolecules and 
interest in ciimically oriented 
research. Salary will be approxi- 
mately SFr. 4500.-- per month 
before taxes 
Applications including a 
curriculum vitae and the 
names of two referees, should 
be sent to:- Prof. M. Furlan, 
Central Haematology 
Laboratory, Inselspital, 
CH-3010 Bern. 
(W1833)A 
























RESEARCH SCIENTIST 


Research in protein chemistry, 
enzyme chemistry, yeast cell biol- 
ogy and yeast molecular biology 
including cloning and expression 
of genes in yeast. PhD in Bio- 
chemistry and 2 years experience 
in research of yeast cell and 
molecular biology required. Job 
site. La Jolla Salary. $42,800 per i 
year. Send this ad and your 
résumé to Job 2796, P.O. Box 
865, Sacramento, CÀ 95804 not 
later than 5/20/85. | 
(NW1722)A 








Please mention 


nature 


when replying to 
these advertisements 
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ROYAL HOLLOWAY AND 
BEDFORD COLLEGES 


NEW BLOOD 
LECTURESHIP IN 
GEOPHYSICS 


For research in the fields of seismic 
reflection processing, modelling and 
interpretation and to assist in teach- 
ing a new MSc course in Basin 
Evolution and Dynamics. The new 
Geology Department will be based 
at Egham and is being created by the 
amalgamation of the Departments 
from Bedford, Chelsea and King's 
Colleges. 


Salary scale £8,753 — £16,158 
including London Allowance. Candi- 
dates must be under 35 years of age. 


Please send a self addressed 
envelope for further details to: Mrs 
D J Odds, Personnel Officer, Royal 
Holloway and Bedford College, 
Egham Hill, Egham, Surrey TW20 
OEX, to whom applications (two 
copies) with cv and the names and 
addresses of two referees should be 
sent. Closing date 15th June 1985. 

(6319)A 


UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF ANCIENT 
HISTORY & ARCHAEOLOGY 


SOIL SCIENTIST 


Applications are invited for a 
Research Associateship to work on 
souls and sediments associated with 
archaeological horizons in deposits in 
a Wiltshire river valley. Applicants 
should have a degree which includes a 
substantial soil science component. 
The appointment is funded by the 
SERC and is for up to three years 
from 1 July 1985 or as soon as 
possible thereafter. 


Salary on the scale: £6,600 — 
£8,920. 


Applications (six copies), naming 
three referees, should be sent by 28 
May 1985 to the Assistant Registrar 
(Arts), University of Birmingham, 
PO Box 363, Birmingham B15 2TT, 
from whom further particulars may 
be obtained. (6315)A 





POSTDOCTORAL 
POSITION 


available to determine DNA se- 
quences essential for the tran- 
scripttonal expression of T-DNA 
and higher plant genes. The 
research involves cloning, Agro- 
bacterium vector construction, /n 
vitro mutagenesis, transcript 
mapping and characterization of | 
chimeric plant promoters. 
Experience in recombinant DNA 


technology, DNA sequencing 
and plant molecular biology 
desirable. 


Send curriculum vitae and the 
names of three referees to: 
William B. Gurley, Depart- 
ment of Microbiology and Cell 
Science, 1059 McCarty Hall, 
University of Florida, Gaines- 
ville, Florida 32611. An equal 
opportunity/affirmative action 
employer. (NW1725)A 








Research Award 


in 
Immunoregulation 





Centocor, Inc., will award a 
$10,000 unrestricted research 
grant for the most outstanding 
human Interferon-Gamma scien- 
tific paper published (or accept- 
ed for publication) between 
1/1/85 and 6/30/86. 


For details, write to Centocor 
customer service. 
CENTOCOR 
244 Great Valley Parkway 
Malvern, PA 19355 
Fax (215) 644-7558 
Telex 834828. . . 
(NW1726)H 











EQUIPMENT 
WANTED 
Wanted to purchase: a second 
hand general purpose E.P.R 

machine in working order. 
Box No. 6325 
c/o Nature, 
4 Little Essex St., 
London WC2R 3LF 
6325)L 










STUDENTSHIPS——— 


UNIVERSITY OF OXFORD 
Dyson Perrins Laboratory 


(Organic Chemistry) 
CASE STUDENTSHIPS 


Applications are invited from suitably 
qualified graduates, or from those ex- 
pected to graduate shortly, for two 
SERC financed CASE studentships in 
synthetic organic chemistry. One 15 
concerned with thiotetronic acid syn- 
thesis, the other is involved with the 
development of a total synthesis of 
some macrocyclic diterpenes. 


The studentships are tenable from 
Ist October 1985. Applicants should 
write, giving the names of two 
referees, as soon as possible to Dr E 
J Thomas, The Dyson Perrins 
Laboratory, South Parks Road, Ox- 
ford, OXI 3QY. (6253)F 








UNIVERSITY OF OXFORD 
Dyson Perrins Laboratory 


RESEARCH 
STUDENTSHIPS 


Applications are invited for research 
studentships in the following areas (i) 
Organic Synthesis:- asymmetric 
carbon-carbon bond formation using 
chiral organoiron auxiliaries (ii) 
Organotransition Metal Chemistry:- 
mechanistic studies related to the reac- 
tions of metal carbonyl ligands. 


The studentships leading to the 
degree of D Phil are for three years 
from October 1st 1985. Applications 
with curriculum vitae and names of 
two referees, as soon as possible to Dr 
Stephen G Davies, Dyson Perrins 
Laboratory, South Parks Road, Ox- 
ford, OX1 3QY (6254)F 
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UNIVERSITY OF OXFORD 


Department of Human 
Anatomy 


The Department of Human 
Anatomy invites applications 
from students interested in post- 
graduate study. Developmental 
iology, neurobiology, endocrin- 
ology, or membrane physiology 
are currently active areas. Radio- 
immunoassay, autoradiography, 
tissue culture, electron and 


scanning electron microscopy 
and quantitative image analysis 


are among the facilities offered by 
the Department. Details of 
research in the Department can 
be obtained by applicants. 
Applicants, who should have 
or expect to obtain a good 
honours degree, should send a 
copy of their curriculum vitae, 
a statement of their research 
interests and the names of 
three referees to Professor R 
W Guillery FRS, Department 
of Human Anatomy, South 
Parks Road, Oxford, OX13QX, 
by 14 May 1985. (6271)A 





UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF BIOCHEMISTRY 

The department has 


5 STUDENTSHIPS 


available for research leading to the 
degree of PhD. These include 1 
MRC, 2 SERC and 2 SERC-CASE 
studentships for work in the fields of 
cell biology, enzymology, microbial 
biochemistry and bioenergetics. 


Applications with curriculum vitae 
and the names, addresses and tele- 
phone numbers of 2 referees should 
besent to Dr A G Lee, Department of 
Biochemistry, University of 
Southampton, School of Bio- 
chemical and Physiological Sciences, 
Bassett Crescent East, Southampton, 
SO93TU. (6300)F 


UNIVERSITY OF 
SOUTHAMPTON 


Clinical Pharmacology/Medicine 1 
SERC (CASE) Studentships 


Applications are invited from good 
honours graduates in pharmacology, 
biochemistry or physiology for the 
followng SERC (CASE) student- 
ships to study: 


1. The biochemical pharmacology 
of dispersed human skin mast cells (in 
collaboration with Roussel Labora- 
tories Limited). 


2. The development of bronchial 
hyper-reactivity in the guineapig (in 
collaboration with Roussel Labora- 
tories Limited). 


3. The oxidative metabolism of 
arachidonic acid in human and pri- 
mate mast cells (in collaboration with 
Frisons Pharmaceuticals PLC). 


The studentships are available for 
3 years from October 1st 1985 and the 
successful applicants expected to 
register for a higher degree. Further 
information and applications, in- 
cluding curriculum vitae and the 
names of two referees to: Dr М К 
Church, Clinical Pharmacology, 
Southampton General Hospital, 
Southampton S09 4XY. Telephone 
0703-777222 Ext 4312. Applications 
close June 3rd 1985. Please quote ref 
no AJS/85/26. (6273)F 


UNIVERSITY OF LEICESTER 


SCHOOL OF BIOLOGICAL 
SCIENCES 


(BOTANY DEPARTMENT) 
SERC — CASE 
STUDENTSHIP 


(ICI Corporate Biosciences 
Group) 


An SERC-CASE Studentship in col- 
laboration with Dr W Schuch of the 
ICI Corporate Biosciences Group is 
available to work on ‘Photocontrol 
of phenylalanine ammonia-lyase 
mRNA levels in oil-seed rape seed- 
hngs under radiation conditions 
simulating crop stands’. This project 
is concerned with the molecular 
biology of phytochrome action in 
light-grown plants, with particular 
respect to the control of growth and 
lignification in crop plants experi- 
encing mutual shading The work will 
involve the use of cDNA probes to 
estimate PAL mRNA levels and to 
measure specific transcription rates. 
An academic background in 
molecular biochemistry would be an 
advantage; prior experience with 
plants is useful but not essential and 
training will be given in plant photo- 
morphogenesis. 


Applicants having, or expecting to 
achieve, at least an Upper Second 
Class Honours Degree in an approp- 
riate subject should submit a 
curriculum vitae, with the names of 
two referees, as soon as possible to 
Professor H Smith, Department of 
Botany, University of Leicester, 
University Road, Leicester. 

(6290)F 


Medical Research Council 
Research Studentship 
(Partnership Award) 

University Laboratory of Physiology, 
Oxford and the National Institute for 
Medical Research, Mill Hill, London 


A 3-year M.R C. Studentship 
leading to a D.Phil is available 
from 1st October 1985, for a 
project investigating contractile 
mechanisms in 'skinned' muscle 
fibres employing 'caged' ATP and 
the fluorescently labelled 
derivative of the calcium sensitive 
regulatory protein, troponin (TnC- 
DANZ) The training will involve 
the combination of physiology and 
biochemical methods, particularly 
the use of novel optical and laser 
techniques in muscle research, 
introduced by Dr С.С Ashley and 
Dr. D R. Trentham, F.R.S., the 
co-supervisors of the project. 


The overall aim is to correlate 
mechanical and biochemical 
experiments on skinned muscle 
fibres with those on intact fibres 
in order to provide a clearer insight 
into. the basic contractile 
mechanism and its regulation. 


Applicants should have or expect 
to obtain a 1st or upper 2nd class 
honours degree, and have a back- 
ground in physiology, 
biochemistry or physical sciences 


Applications including a CV 
and the names and addresses 
of 2 referees should be sent to 
Dr C.C. Ashley, University 
Laboratory of Physiology, 
Parks Road, Oxford OX1 ЗРТ, 
as soon as possible. (6312)F 
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UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF PHYSIOLOGY 
AND PHARMACOLOGY 


RESEARCH STUDENTSHIPS 


The department occupies two sites — 
at the Bute Medical Buildings and the 
Gatty Marine Laboratory. Excellent 
facilities are available for research in 
the following areas: cell physiology, 
neurobiology апа neuro- 
pharmacology, muscle physiology, 
human exercise and respiratory 
physiology and environmental 
biology. The following Research 
Council studentships are available: 


1 “Effects of temperature on 
muscle contraction in fish" or 
‘Hypoxia and activity metabolism in 
fish” supported by NERC under the 
supervision of Dr lan A Johnston. 


2 SERC-CASE studentship on 
**Physiological, neuroanatomical 
and biochemical studies on the 
function of dopamine in the insect 
nervous system’? under the joint 
supervision of Dr Robert M Pitman 
and staff at The Wellcome Research 
Laboratories, Berkhamstead. 


3 MRC studentship m muscle and 
cell physiology. 


Further particulars of the 
department and research projects 
may be obtained from Mrs M Noble, 
Secretary, Department of Physiology 
and Pharmacology, Bute Medical 
Buildings, University of St Andrews, 
St Andrews, Fife KYI16 9TS, 
Scotland, to whom applications 
(which should include a full cur- 
riculum vitae and the names of two 
referees) should be sent to arrive not 
later than 20 May 1985. 

(6297)F 


SERC STUDENTSHIP IN 
SEA-USE 


The London School of Economics is 
offering two Advanced Course stu- 
dentships, funded by tbe Science and 
Engineering Research Council, on its 
MSc Sea-Use Programme for the 
academic year 1 October 1985 — 30 
September 1986. Preference will be 
given to applicants possessing a good 
first degree in economics who wish to 
specialise in the economics option; 
but applications from other 
specialities such as law, engineering, 
political science, history, geography 
or environmental studies will be con- 
sidered. The programme consists of a 
basic course in Marine Science, 
Biology and Technology, with a 
choice of two options chosen from: 
International Law of the Sea, Finan- 
cial Reporting and Management, 
Economics and Problems of Sea-Use 
Policy-Making, together with a 
research essay of 10,000 words on an 
agreed topic. 


Candidates should write at once to 
theSecretary of the Graduate School, 
The London School of Economics 
and Political Science, Houghton 
Street, London WC2A 2AE, for 
application material. (6270)F 


KINGSTON POLYTECHNIC 


School of Industrial, Organic 
and Polymer Chemistry 


SERC “СА5Е” 
STUDENTSHIPS 


Applications are invited from good 
honours graduates in chemistry, 
materials technology or related sub- 
Jects for three SERC “САЅЕ” 
Studentships concerned with 
organic polymer composites. All 
projects involve industrial collabor- 
ation (ICI, Westland Helicopters, 
National Physical Laboratory) in the 
study of the properties of fibre 
remforced polymers using instru- 
mental methods. 


Application forms and further 
details from Staffing Officer, 
Kingston Polytechnic, Penrhyn 
Road, Kingston upon Thames КТІ 
2EE. Tel 01-549 1366 ext 205. 

(6278)F 


UNIVERSITY OF 
SOUTHAMPTON 


FACULTY OF MEDICINE 


DEPARTMENT OF 
CLINICAL PHARMACOLOGY 


RESEARCH STUDENTSHIP 


Applications are invited for a research 
studentship within the Clinical Phar- 
macology Group to study the pharm- 
acokinetics of therapeutically used 
amino acids such as L-dopa and try- 
ptophan. Applicants should have a 
first or upper second-class honours 
degree їп Pharmacology, Віо- 
technology or a related subject The 
studentship will be for three years but 
the successful applicant will be ex- 
pected to register for a PhD. The 
grant will be at the appropriate MRC 
rate. 


Applications (2 copies) giving a 
full curriculum vitae and the names, 
addresses and telephone numbers of 
two referees should be sent to 
Dr A G Renwick, Department of 
Clinical Pharmacology, University 
of Southampton, Basset Crescent 
East, Boldrewood, Southampton, 
Hampshire from whom further details 
may be obtained. Please quote Ref: 
AJS/85/25. (6265)F 


UNIVERSITY OF READING 


DEPARTMENT OF PURE & 
APPLIED ZOOLOGY 


STUDENTSHIPS 


for postgraduate study are available 
in the following areas: 

I. Animal behaviour in wild anc 
domesticated mammals. 

2. Genetics aspects of development oi 
competition between insects. 

3. Effects of parasite infections. 

4. Evolution of life cycle strategies. 
5 Mechanical properties of biologi 
cal materials. 

6. Metal or pesticide accumulatior 
and detoxification. 


Applicants should send a 
curriculum vitae with the names ol 
two referees to Professor K Simkiss, 
Department of Pure & Appliec 
Zoology, University of Reading, PC 
Box 228, Reading, RG6 2JN. 

(5727)F 
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ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


MRC RESEARCH 
STUDENTSHIP 


Applications are invited for a three 
year MRC Studentship from gradu- 
ates holding, or expecting to obtain, 
an upper second second or first class 
honours degree. The successful 
candidate will work on the 
measurement and pathophysiology 
of novel peptide neurotransmitters. 


Applications in the form of cv with 
the names of two referees together 
with a letter of application should be 
sent to Professor S R Bloom, 
Department of Medicine, Royal 
Postgraduate Medical School, 150 
Ducane Rd, W12 OHS from whom 
further particulars may be obtained. 


Closing Date: 23 May 1985. 
(6320)F 


UNIVERSITY OF OXFORD 


NUFFIELD DEPARTMENT OF 
OBSTETRICS AND GYNAECOLOGY 


Applications are invited for an MRC 
research studentship leading to a D 
Phil, tenable for 3 years from 
October 1985, under the direction of 
Dr Phyllis Starkey. Applicants 
should have (or be about to obtain) a 
good Honours degree in a biological 
science. 


The successful applicant would 
investigate the cellular and enzymic 
basis of ripening of the cervix in 
labour, as part of a Department 
studying various aspects of human 
pregnancy and labour including the 
immunological interaction between 
mother and fetus, the causes of pre- 
eclampsia and recurrent abortions, 
the factors controlling the initiation 
of labour, and the cell biology of the 
human decidua, placenta and fetal 
membranes. 


Further details from, and appli- 
cations to: Dr Phyllis Starkey, 
Nuffield Department of Obstetrics 
and Gynaecology, John Radcliffe 
Hospital, Headington, Oxford. 
Closing date 31st May 1985. 

(6311)F 


KING'S COLLEGE LONDON 
(KQC) 
DEPARTMENT OF PHYSIOLOGY 


SERC - CASE 
STUDENTSHIP 


Applications are invited for a 
collaborative studentship under the 
SERC - CASE scheme between the 
above department and the National 
Institute of Biological Standards, 
Hampstead. The project will involve 
studies of the biosynthesis, 
secretion and characterisation of the 
‘major proglucagon fragment’ 
which 1s produced together with 
glucagon by the pancreatic A cell. 


Applicants should have, or expect 
to obtain, a first or upper second 
class honours degree іп 
Biochemistry, Physiology or a 
related subject. Applications, 
including a curriculum vitae and the 
names of two referees, should be 
sent to Dr S L Howell, Physiology 
Department, Queen Elizabeth 
College, University of London, 
Campden Hill Road, Kensington, 
London W8 7AH by 17th May 1985. 

(6284)F 


MEDICAL RESEARCH 
COUNCIL 


Mechanisms in Tumour 
Immunity Unit 


RESEARCH STUDENTSHIP 


Applications are invited for a 
Research Studentship, tenable for a 
three year period, from Autumn 1985 
to work on one of two projects: 


1 Investigation of the inhibitory 
profile of Cl-inhibitor — a plasma 
protease inhibitor active against both 
complement and coagulation 
proteases. 


2 Growth factors involved in the 
establishment of a human B lympho- 
blastoid (EBV) lines. 


The successful candidate should 
possess by Autumn 1985 a good 
honours degree in either bio- 
chemistry or a biological science and 


will be expected to register for a PhD. 


with the University of Cambridge. 


Applications, including a full cur- 
riculum vitae and the names and 
addresses of two referees, should be 
sent to: Professor P J Lachmann, 
MITI Unit, MRC Centre, Cambridge 
CB2 2QH by 16th May 1985. 

(6299) 


UNIVERSITY OF LEICESTER 


DEPARTMENT OF MICROBIOLOGY 
SERC CASE STUDENTSHIP 


Applications are invited for a CASE 
studentship to study the expression of 
eukaryotic genes in Pseudomonas 
putida and  Methylophilus 
methylotrophus, in collaboration 
with Dr G S Sharpe, Corporate Bio- 
sciences Laboratory, ICI. ` 


Applicants should possess, or 
expect, a first or an upper second 
class degree in biochemistry, genetics 
or a related field. 


Applications, in the form of a 
curriculum vitae with the names of 
two academic referees should be sent 
to Dr G J Boulnois, Dept of Micro- 
biology, Medical Sciences Building, 
University Road, Leicester LE1 7RH 
(Tel. 0533-551234, ext 262). 

(6292)F 


UNIVERSITY OF 
ABERDEEN 


DEPARTMENT OF GENETICS 


NERC CASE 
RESEARCH 
STUDENTSHIP 


Applications are invited for the above 
studentship to work on an investiga- 
tion of таппе polychaetes as in- 
dicator organisms for genotoxic ef- 
fects of pollutants. The project will be 
jointly supervised by Dr D P Fox of 
Aberdeen University, Genetics 
Department and Dr J Davies, DAFS 
Marine Laboratory, Aberdeen. 


Candidates should hold, or expect 
to obtain, first or upper second class 
honours in Genetics or another ap- 
propriate biological subject. 


Applicants should send a cur- 
riculum vitae together with the names 
of two referees to Dr D P Fox, 
Department of Genetics, University of 
Aberdeen, 2 Tillydrone Avenue, 
Aberdeen, AB2 2TN not later than 
Friday 17th May. Informal enquiries 
may be made to Dr Fox, tel: 
0224-40241 ext 6455. (6255)F 
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QUEEN MARY COLLEGE 
(University of London) 


DEPARTMENT OF CHEMISTRY 


SERC-CASE RESEARCH 
STUDENTSHIPS 


Applications are invited for the following Research Studentships 
awarded under the SERC Cooperative Awards in Science and 
Engineering schemes for October 1985 The Chemistry Department has 
recently expanded considerably with the restructuring of experimental 
science in the University of London. 

Dr P A Hamilton — ‘Mechanism of Atmosphertc Sulphur Reactions’ 
(with Central Electricity Research Laboratory) 

Dr. P. O'Brien — 'Novel Precursors for the Deposition of Cadmium 
Sulphide for MOCVD’ (with Polaron Equipment Ltd.) 

Professor J. 
Catalysts’ (with ICt Agricultural Division) 

Dr N S Simpkins — “Asymmetric Synthesis of Potential Inhibitors of 
5-Lipoxygenase’ (with May and Baker Ltd.) 

Professor J.H.P. Utley — ‘Electrosynthesis of Liquid Crystals and 
Related Intermediates’ (with BDH Chemicals Ltd.) 

Dr. D.S. Urch — ‘High Resolution XRF-XPS: Electronic Structure and 
Analysis. wath Health and Safety Executive) 

Further information on any of these projects can be obtained 
from the appropriate supervisor. Applicants must have, or 
expect to obtain this year, a degree in chemistry with at least 


Pritchard — ‘Hydrogen Chemisorption on Copper 


upper second class honours. A 
Light, Chemistry Department, 
E1 4NS to be returned as soon as possible. 


Road, London 


LONDON SCHOOL OF 
HYGIENE & TROPICAL 
MEDICINE 
(University of London) 
Keppel Street, 
London, WCIE 7HT 


SERC CASE STUDENTSHIP 
IN IMMUNOLOGY 


Applications for a Research Student- 
ship leading to a PhD degree are 
invited from candidates who hold or 
expect to obtain this summer a first or 
upper second class honours degree in 
a biological science. Experience in 
Immunology is desirable but not 
essential. The studentship is tenable 
at the School, in conjunction with 
Imperial Chemical Industries, from 
October Ist 1985. The project will be 
supervised by Professor M W 
Steward of the Immunology Unit, 
Department of Medical Microbio- 
logy and Dr A F Wright of ICI and 
will be concerned with the production 
and control of high affinity antibody 
responses. 


Applications, including a full cv 
and the names of two referees, should 
be sent to Professor Steward at the 
School. (6283)F 


"UNIVERSITY OF YORK - 
DEPARTMENT OF BIOLOGY 


SERC CASE 
STUDENTSHIP 


Applications are invited for a SERC 
CASE Studentship to wark with Dr 
A W Robards in collaboration with 
ICI Agricultural Division on *'Separa- 
tion of subcellular granules from 
bacterial cells”, It is expected that the 
appointed student would have a 
background in micro-biology and/or 
cell biology and should have a strong 
interest in applications of cell biology 
to biotechnology. 


Applications should be made to Dr 
Robards, Department of Biology, 
University of York, Heslington, 
York, ҮОІ 500 from whom further 
details can be obtained. Candidates 
must be ordinarily resident in Great 
Britain and should have (or expect to 
obtain) a First or Upper Second Class 
Honours Degree from a British 
University or Polytechnic. 

(6275)F 


pplication forms from Dr. J.R.C. 


ueen Mary College, Mile End 





21)F 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF BIOCHEMISTRY 


CASE STUDENTSHIP 


Applications are invited for a CASE 
studentship, in collaboration with the 
Agricultural Scientific Service of the 
Department of Agriculture and 
Fisheries for Scotland at East Craigs 
(Edinburgh) and the Scottish Crop 
Research Institute (Invergowrie), to 
study the role of components of the 
outer membrane in the antigenic 
properties of soft rot Erwinia species 
that are pathogenic to potatoes. 


Candidates should have, or expect 
to attain this summer, a good 
honours degree in biochemistry or a 
related discipline. 


Further information can be 
obtained from Dr I D Hamilton, 
Department of Biochemistry, Uni- 
versity of Glasgow, Glasgow G12 
8QQ, to whom application, including 
a curriculum vitae and nominating 2 
academic referees, should be made by 
31st May, 1985. (6310)F 


UNIVERSITY OF DURHAM 
DEPARTMENT OF BOTANY 


Applications are invited for a 
RESEARCH STUDENTSHIP 


funded by the SERC CASE award 
scheme to work on the Structure and 
Evolution of cereal grain proteins. 
The research will be with Dr M 
Richardson at the University of 
Durham and Dr P Shewry (Bio- 
chemistry Department, Rothamsted 
Experimental Station) and involves 
protein chemistry (amino acid 
sequencing), molecular biology and 
recombinant DNA techniques. It is 
envisaged that the student's time 
will be spht equally between the two 
Institutes. 


Applicants should have, or expect 
to obtain, a first or upper second 
class honours degree, preferably in 
biochemistry, botany or a biological 
science. 


Applications (cv and the name of 
two referees) should be sent to Dr M 
Richardson, Department of Botany, 
University of Durham, Science 
Laboratories, South Road, Durham 
ЮНІ ЗГЕ no later than 6 June 1985. 

(6282)F 
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STUDENTSHIPS Continued 


ASTON UNIVERSITY 
Department of Pharmaceutical Sciences 


RESEARCH STUDENTSHIPS 


in the Pharmaceutical Sciences Institute 


The Pharmaceutical Sciences Institute has been established to 
coordinate the research work of the Department of Pharmaceutical 
Sciences. The Institute is concentrating its resources within well- 
funded research groups and the following research areas will be 
supported in work commencing 1 October 1985. 

Targeting of Drugs by Phagocytic Cells: 


SERC CASE Studentship (Ciba-Geiby) 


(DrDA Lewis) 


Hypoxia, Ischaemia and Peripheral Vasodilator 
Mechanisms: SERC CASE Studentship 


(ICI Pharmaceuticals) 
Drug-delivery Systems Design 


{Dr O A Downing) 
(DrW J Irwin) 


Computer-graphics Aided Design and Synthesis of 


Chemotherapeutic Agents 
Cardiovascular Pharmacology 
Microbiology 

Cancer Chemotherapy 
Toxicology 


(Prof M F G Stevens) 
(Prof C B Ferry) 
(Prof MR W Brown) 
(DrJ A Hickman) 
(DrES Harpur 


A number of research studentships will be available for highly qualified 
graduates, or those expecting to graduate in 1985, to work on a vartety 
of topics leading to the award of PhD degrees. The named individuals 
should be contacted for further information on projects in identified 
areas and a copy of the Departmental research and postdoctoral 


prospectus. 


Department of Pharmaceutical Sciences 


Aston University 
Aston Triangle 
Birmingham B47ET 


UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMISTRY 
STUDENTSHIPS 


Applications are invited from 
Chemistry graduates, or those about 
to graduate, for the following research 
studentships which will become 
available as from 1st October, 1985 


1. Two University of Surrey spon- 
sored research studentships to work 
with Professor J M Pratt in the 
general area of Bio-inorganic 
Chemistry. 


2. An internal departmental student- 
ship to work on the Structure Deter- 
mination of High Valent Porphyrin 
Complexes Related to the Peroxidases 
and Cytochrome P-450. (Drs K B 
Nolan and D C Povey). 


3. A Ministry of Agriculture, 
Fisheries and Food sponsored 
studentship to study the Effects of 
Phytate on Mineral Bioavailability 
and Heavy Metal Contaminants. (Dr 
K B Nolan). 


4. A CASE studentship in conjunc- 
tion with ICI Pharmaceuticals to 
study A Thermodynamically-Based 
Scale of Hydrogen Bond Basicities. 
(Dr M H Abraham). 


5. A CASE studentship in conjunc- 
tion with the Imperial Cancer 
Research Fund to study Aromatic 
Hydroxylations. (Dr J R Jones). 


6. A Ministry of Defence sponsored 
studentship to study Aromatic Amine 
Cure of Epoxy Resins. (Drs G J Buist 
and J R Jones). 


Interested persons should send their 
curriculum vitae and names and ad- 
dresses of two referees to Dr J R 
Jones, Chemistry Department, 
University of Surrey, Guildford, GU2 
5HX as soon as possible. (6261)Е 





UNIVERSITY OF 
LIVERPOOL 


DEPARMENT OF BOTANY 
RESEARCH STUDENTSHIPS 


The following fesearch studentships 
are available within the Department 
of Botany tenable from October Ist, 
1985. 


NERC Nitrogen economy of 
wood-decay Basidiomycetes (Pro- 
fessor D H Jennings). 


The role of mutation in the origin 
of metal tolerance (Professor A D 
Bradshaw, Dr T McNeilly and Dr H 
A Collin). 


Dynamics of annual plant com- 
munities (Dr A M Mortimer and Dr P 
D Putwain). 


SERC The theoretical and prac- 
tical significance of plasmid transfer 
between streptomycetes. (Dr S T 
Williams, Professor D A Ritchie and 
Dr A M Mortimer). 


SERC/CASE Ion transport in the 
fungus Dendryohiella salina 
(Professor D H Jennings). 


Further details of these student- 
ships are available from Professor A 
D Bradshaw, Department of Botany. 


Applicants should have or be 
expecting at least a 2:1 Honours 
Degree in an appropriate biological 
subject. The Department of Botany 
has a very active research school with 
excellent facilities, concerned with 
pure and applied aspects of botany. 


Applications should be made as 
soon as possible and at least by June 
3rd to The Registrar, The University, 
PO Box 147, Liverpool L69 3BX. 
They should include details of aca- 
demic experience and the names of 
two referees. Quote Ref: RV/255/N. 

(6288)F 


UNIVERSITY OF ST 
ANDREWS 


DEPARTMENT OF BIOCHEMISTRY 
AND MICROBIOLOGY 


SERC CASE RESEARCH 
STUDENTSHIPS 


Applications are invited for the 
above from undergraduate students 
who expect to obtain at least an upper 
second class honours degree in bio- 
physics, biochemistry, microbiology, 
genetics, botany or related subjects. 
Biotechnology research projects, 
involving collaboration between an 
academic staff member and an indi- 
vidual partner, in: 


(1) Cloning of the nitrate reductase 
structural gene of barley in 
collaboration with Long Ashton 
Research Station (Dr J L Wray) 


(2) Biochemical and genetic studies 
of the mushroom Pleurotus in 
collaboration with Mitchell 
Mushrooms (Dr W M Ledingham) 


(3) An investigation into the iriter- 
relationships of the cell wall 
properties of  Thiobacillus 
ferrooxidans and bioleaching 
processes of ferrous iron and 
sulphide oxidation in pyritic ores in 
collaboration with Shell (UK) PLC 
(Dr W J Ingledew). 


For further information, contact 
the staff member concerned. 


Applications, naming at least two 
referees and stating the project(s) of 
interest to The Secretary, Depart- 
ment of Biochemistry, University of 
St Andrews, St Andrews, Fife KY16 
9AL. Telephone enquiries to 
0334-76161 ext 295. (6298)F 


QUEEN MARY COLLEGE 
(University of London) 


School of Biological Sciences 
SERC-CASE STUDENTSHIP 


An SERC-CASE Studentship in col- 
laboration with the Biological Evalu- 
ation Division, Shell Research Ltd., 
is available to investigate host plant 
selection and feeding behaviour in 
the rice brown plant hopper, 
Nilaparvata lugens. The project will 
include the development of new tech- 
niques for monitoring food uptake 
and for assessing the role of different 
classes of sensory receptor in the 
regulation of settling and feeding in 
this and in other small leaf and plant 
hopper pests of rice. Àn important 
part of the investigation will be to 
examine the way in which motility 
and feeding behaviour may be 
affected by a novel class of insecticide 
both in individual hoppers and in 
populations of N lugens exposed to 
sublethal doses. 


Applicants should have or expect 
to obtain a first or upper second class 
honours degree and will be expected 
to register for a PhD degree. Appli- 
cations, together with a cv and the 
names of two academic referees, 
should be sent to Dr L J Goodman, 
School of Biological Sciences, Queen 
Mary College, Mile End Road, 
London ВІ 4NS as soon as possible. 
Further details can be obtained from 
the above address. (6295)F 


INSTITUTE OF 
AQUACULTURE 


UNIVERSITY OF STIRLIN 


Applications are invited for a 
NERC-FUNDED 


STUDENTSHIP 


in the following areas: The toxicity 
aluminium to Atlantic Salmon 
Acidic Waters or Quantitative a 
Qualitative Aspects of Filter-Feedi 
on cyanobacteria by Fish. 


Further details on these proje 
and application forms may 
obtained from the Academ 
Administrator, the Institute 
Aquaculture, University of Stirlir 
Stirling FK9 4LA, Scotland. 

(6305)F 


ST. MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, London 

W21 1PG 


SERC CASE 
STUDENTSHIP 


Applications are invited for a SER 
Case Studentship in collaborati: 
with Shell Research Ltd (Dr DH Hi 
son) for research (leading to a РЇ 
degree) into the effect of environme 
tal conditions on the metabolism 
chemicals by fish. 


Applicants should have, or expe 
to obtain, a first or second cla 
honours degree in biochemistry : 
chemistry, and have an interest 
chemical апа environment 
toxicology. 


Applications, including the nam 
of two referees should be sent as so: 
as possible to Dr P Millburn, Depa: 
ment of Biochemistry, at above a 
dress, from whom further particula 
may be obtained (tel 01-723-12: 
ext 118). (6277)F 


FELLOWSHIPS 


UNIVERSITY COLLEGE 


CARDIFF 
DEPARTMENT OF BIOCHEMISTR 


POST-DOCTORAL 
FELLOWSHIP 
A Post-doctoral Fellowship fund 
by the Cystic Fibrosis Research Tru 
1s available to work on alginate bi 
synthesis in mucoid strains : 
Pseudomonas aeruginosa, under t. 
direction of Drs P Gacesa and N 
Russell. Candidates having a PhD 
the field of biochemistry/micr 


‘biology, particularly those wi 


experience in enzymology or NM. 
are invited to apply. 


The appointment is for 3 yea 
subject to annual renewal, and t 
salary will be £7,520 in the first ye 
(RA ІА scale, under review). Duti 
to commence September, 1985. 


Applications (2 copies) including 
curriculum vitae, together with t! 
names and addresses of two referee 
should be forwarded to tl 
Establishment Officer, Universi 
College, PO Box 78, Cardiff С! 
IXL. Closing date 23rd May, 198 
Ref: 2952. (6307)E 
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FELLOWSHIPS continued 


MAX-PLANCK-INSTITUTE FOR BIOPHYSICS 
Postdoctoral Research Fellowship in 


BIOPHYSICS 


Charactenzation of polydisperse lipid systems by photon correlation spectroscopy. 
Applications are invited from candidates interested in joining a multi-disciplinary 






CONTINENTAL 
EUROPEAN 
FELLOWSHIP 
AWARDS 1986-87 


research group studying transport processes in membranes. The fellowship is 
offered for a one to two year period starting May 1985 or later. Salary will be 
from DM 26.000 to DM 32.000 p.a., net, depending on experience. 

Send application (c.v., list of publications, names of two referees) to Dr. 
E. Grell, Max-Planck-Institute for Biophysics, Heinrich-Hoffmann-Str. 
7,6000 Frankfurt 71, (West Germany). (W1826)E 















UNIVERSITY OF LEICESTER | UNIVERSITY OF BRISTOL 


DEPARTMENT OF DEPARTMENT OF ZOOLOGY 
PHARMACOLOGY AND 
Lara tear POSTDOCTORAL POSITION STAFF 
IN 
MERCK SHARP & DOHME 
MOLECULAR BIOLOGY) 
NEUROSCIENCE (Neurobiology) Applications are invited for awards by the CIBA-GEIGY 
RESEARCH FELLOWSHIP Fellowship Trust for the academic year 1986/87 


Applications are invited for a MSD 
Neuroscience Research Fellowship to 
study cholinergic receptor-effector 
mechanisms in brain. The project 
involves receptor labelling and an 
assessment of receptor-effector 
coupling by examination of cyclic 
nucleotide and inositol phospholipid 
metabolism in brain. Applicants 
should have, or shortly expect to 
have, a PhD and possess suitable 
experience in pharmacology/bio- 
chemistry/neurobiology. Some 
experience of discrete cerebral 
lesioning or tissue culture would be 
an advantage. Although this position 
is with Professor S К Nahorski’s 
research group in Leicester, it is 
possible that a short period may be 
spent at the MSD Neuroscience 
Research Centre, Harlow, with Dr L 
L Iversen. The Fellowship is from 1st 
October 1985, or nearest conveient 
date, and is for a period of one year in 
the first instance and for which 
funding may be extended for a 
further two years. 


Salary is on the scale £7,520 
-£12,150 (Research 1A). 


Additional information can be 
obtained from Professor S R 
Naborski, Department of Pharma- 
cology and Therapeutics, Medical 
Sciences Building, University of 
Leicester, University Road, 
Leicester, LE1 7RH, UK, (0533- 
551234, Ext 361) to whom appli- 
cations, including CV and names of 
two referees, should be 
sent. (6306)E 


POSTDOCTORAL 
FELLOWSHIP 
in the area of 


Immunological control of 
Membrane Transport 
Primary responsibility: 


production and study of mono- 
clonal antibodies to membrane 
transport proteins. Position 
available July 1, 1985, one year 
renewable, salary competitive. 

Send curriculum vitae and 
names of three referees to Dr. 
Philip Dunham, Department 
of Biology, Syracuse Univer- 
sity, Syracuse, New York 
13210. Equal opportunity 
employer. (NW1724)E 





Applications are invited for a three- 
year fellowship to investigate the 
regulation of expression of multi- 
functional genes in the mammalian 
nervous system implicated in the 
regulation of cellular differentiation 
and neuromuscular synapse form- 
ation. The project will be funded by 
the Wellcome Trust. 


The successful applicant will hold a 
PhD in Biochemistry/Molecular 
Genetics or a related field, and have 
experience in DNA manipulation and 
hybridisation techniques with a 
record of research into any aspect of 
the control of transcription in 
eukaryotic cells. 


Laboratory facilities will be 
provided in the newly-established 
Molecular Genetics Unit at Bristol. 


An appointment will be made on 
the University Academic Staff Range 
IA at a starting salary of £7520-£9390 
per annum. 


Initial enquiries may be made to 
Dr L W Haynes, Department of 
Zoology, The University of Bristol, 
Woodlands Road, Bristol BS8 IUG 
(0272 24161 ext 57), to whom appli- 
cations, accompanied by cv and the 
names of three referees should be 
addressed before24 May. (6116)E 


1985 — 1986 
L.S.B. Leakey Foundation 
RESEARCH FELLOWSHIP 


FIELD STUDIES OF THE 
GREAT APES 


The fellowship will be awarded to 
an individual to facilitate the es- 
tablishment of a long-term 
research project on a wild popu- 
lation of great apes. Preference 
will be given to studies with 
significance for understandin 

human origins and to those whic 

explore the causes of variation in 
ape behaviour, particularly in 


previously unstudied habitats. 


he fellowship, worth up to 
320,000, is for field expenses 
only 


Applicants should submit cur- 
riculum vitae and a one-page 
statement of research goals 
by 1 May 1885 to: The L.S.B. j 
Leakey Foundation, Atten- | 
tion: Kathleen F. Galvin, 
Grants Officer, Foundation 
Center, Pasadena, Calif. 
91125. Eligible candidates will be 
asked to provide further details Б 
15 June 1985. The recipient will 
be announced in October 1985. 
(NW1717)E 





FOR ACADEMIC 






Senior CIBA-GEIGY Fellowships 


Senior CIBA-GEIGY Fellowships will be awarded to start 
from an agreed date dunng the academic year 1986/87 
These will be available to lecturers, senior lecturers or 
readers who hold, and will return to, permanent teaching 
positions at United Kingdom or Republic of Ireland 
universities, polytechnics or comparable teaching 
institutions, who wish to undertake research at an agreed 
continental European university or technological 
university These posts should have been held for a penod 
of at least five years in the field of chemistry, biochemistry, 
chemical technology, chemical engineering and biology, 
particularly in its relation to chemistry. 


Awards are made for a period of six to twelve months 


Value of the awards £10,000 per annum plus travelling 
expenses 


CIBA-GEIGY Fellowship awards are intended to 
supplement Fellows' salaries for the penod of tenure 





Further details and application forms, are obtainable 
from: The Secretary, The CIBA-GEIGY Fellowship Trust, 
30 Buckingham Gate, London SWIE 6LH 

(Telephone 01-828 5676). 


The closing date for applications is 1 November 1985 


CIBA—GEIGY 


(6248)E 









UNIVERSITY OF WESTERN ONTARIO 


Department of Obstetrics and Gynaecology 


POSTDOCTORAL FELLOWSHIP 


Funds are immediately available for two postdoctoral scientists to work within 
the newly established Gynaecology Cancer Research Laboratory at Victoria 
Hospital. The principal interests with this laboratory focus on reproductive 
endocrinology and the identification of tumour markers. One of the pro- 
jects for which funds have been obtained will initially involve sequencing 
of cloned cDNAs for two human plasma steroid binding proteins and studies 
of the hormonal regulation of their synthesis by cells in culture. A second 
project will largely involve the isolation of mRNA from human ovarian tissue 
and the construction and analysis of cDNA libraries with the ultimate ob- 
jective of identifying one or more specific ovarian tumour marker proteins. 
Candidates should hold a Ph.D. in Biochemistry or Molecular Biology 
and be familiar with the principles and practical aspects of recombinant 
DNA technology. Applications, including a curriculum vitae, should be 
addressed to: 

Dr. Geoffrey L. Hammond 

The University of Western Ontario 

Gynaecology & Cancer Research Laboratory 

375 South Street London, Ontario. N6A 4G5. 


In accordance with Canadian Immigration requirements, this advertisement 
is directed to Canadian citizens and permanent residents. (NWITI1E 
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NEW PERSPECTIVES 
ON NUCLEIC ACIDS 


A SYMPOSIUM 





September 29 — October 2, 1985 


Presented by the 


INDIANA UNIVERSITY 


Institute of Molecular and Cellular Biology 


at Indiana University 
Bloomington, Indiana 


This Symposium will address recent developments in the structure and func- 
tion of polynucleotides. Session speakers, leaders in their fields, will provide broad 
coverage of topics of interest to workers in both academic and biotechnology settings. 


Program topics will include: 


physical techniques in determination of 


polynucleotide structure, role of higher order structures in RNA function, RNA-protein 
interactions, RNA processing, RNA roles in regulation of translation, transport and 


replication. 

Session speakers include: 
John Abelson Judith McClarin 
Struther Arnott Donald Mills 
Andrea Branch Peter Moore 
Tom Cech Harry Noller 
Larry Gold Norman Pace 
Christine Guthrie Dinshaw Patel 
Michael Mathews Barry Polisky 


Brian Reid 

Phil Sharp 
Joan Steitz 
Olke Uhlenbeck 
Peter Walter 
Carl Woese 
Michael Yarus 


Sponsored in part by the Indiana Corporation for Science & Technology, Abbott 
Laboratories, Boehringer Mannheim Biochemicals, Boehringer Mannheim Diagnostics, 
Inc., Eli Lilly & Company, International Minerals and Chemical Corporation, and Mon- 


santo Company. 


For information and application write to: Director, Institute for Molecular 
and Cellular Biology, Jordan Hall 322A, Indiana University, Bloomington, In- 


diana 47405. 





LEUKAEMIA RESEARCH FUND 
International Research Symposium on 
“GROWTH FACTORS, HAEMOPOIESIS AND MALIGNANCY” 
at Royal College of Physicians, London NW1 
on WEDNESDAY 29TH MAY 1985 
Registration Fee (including lunch) £15. 
For programme details and registration form apply to: 


LEUKAEMIA RESEARCH FUND,43 Great Ormond Street, 
London WCIN 3JJ, (tel: 01-405 0101) 





CIBA FOUNDATION SYMPOSIUM 
BURSARY SCHEME 


AIM: To enable young scientists to attend Ciba Foundation symposia 
and subsequently spend 4 weeks in the laboratory of one of the 
symposium participants. 

The bursary will cover — 

a) travel expenses : 

b) board and lodging for the duration of the bursary 


Qualifications: Applicants must be aged between 25-35 years on the 
closing date for application, and actively engaged in research on the 
topic covered by the symposium of their choice. 


Topics: 

1 FUNCTIONS OF THE PROTEOGLYCANS 

2 THE JUNCTIONAL COMPLEXES OF EPITHELIAL CELLS 
3 MECHANISM OF DEATH OF NERVE CELLS 

4 AUTOIMMUNITY AND AUTOIMMUNE DISEASE 

A 


pplications: In writing, addressed to: 
Mrs S Venables, The Ciba Foundation, 41 Portland Place, London W1N 
4BN including the following infomation. 
a) Full name, address and date of birth 
b) Symposium of choice (one from the above list) 
c) Qualifications and short résumé of further education 
d) Career history, including full list of publications 
e) Details of current research and aims of future career 
f) Names and addresses of two referees 


Closing Date for Applications: 30 September 1985. (6293)M 





(NW1707)M 


CONFERENCES and 
COURSES 


UNIVERSITY OF DURHAM 


DEPARTMENT OF BOTANY 
MSc BIOTECHNOLOGY 


This new one-year course (starting 27 
September 1985) results from col- 
laboration between the Department of 
Botany and Imperial Chemical In- 
dustries PLC. The course, which com- 
bines lectures and practicals with a 
research project, will provide an over- 
view of modern concepts and tech- 
niques in biotechnology Topics in- 
clude: techniques in molecular biology 
and cell biology; genetic engineering 
and eukaryotes; tissue culture and 
monoclonal antibodies; industrial 
microbiology; fermentation and 
chemical engineering; mucrobial 
leaching and metal stripping; en- 
hanced oil recovery and degradation 
air and microorganisms; biomass con- 
version; novel plant products; legal 
and regulatory aspects. 


Instruction will include a significant 
contribution from ICI staff, especially 
from Biological Products Business at 
Billingham. The course is especially 
suitable for biological chemists, 
microbiologists, botanists and 
applicants from related disciplines, 
and will also offer a rapid and effi- 
cient retraining programme for ap- 
plicants seconded from industry. 


Apphcation forms and further 
particulars may be obtained from Dr 
B A Whitton, MSc Biotechnology, 
University of Durham, Durham DH1 
3LE, England. (6266)C 
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UNIVERSITY OF LEICESTE 


SCHOOL OF BIOLOGICAI 
SCIENCES 
DEPARTMENT OF BOTANY 


BIOTECHNOLOGY SHOR1 
COURSE CO-ORDINATOR 


Applications are invited for the px 
of Biotechnology Short Course C 
ordinator from those with curre 
research interests in the field of pla 
biotechnology. This post has lectur 
status. The person appointed w 
assess the demand for pos 
experience courses in biotechnolo, 
and subsequently in other areas 
biotechnology. He or she will ` 
expected to pursue a геѕеаг‹ 
programme within the Departme 
of Botany. 


This appointment will be for fi 
years, supported by a grant from t 
DES under its PICKUP programrmr 


Initial salary will depend ‹ 
qualifications and experience on t 
scale £7,520 to £14,925 (und 
review). 


Further particulars ar 
application forms can be obtain 
from the Registrar, University : 
Leicester University Road, Leiceste 
LE! 7RH, to whom applicatio: 
should be returned by : 
May 1985. (6280)C 





IMPERIAL COLLEGE 


DEPARTMENT OF CHEMICAL 
ENGINEERING AND CHEMICAL 
TECHNOLOGY 


POST-EXPERIENCE 
COURSE 


A post-experience course on ‘Раг 
cle Sizing and Characterisation | 
Light Scattering" will be given « 
4th-5th July 1985. 


For further information contact | 
А R Jones, Department of Chemic 
Engineering and Chemical Tec 
nology, Imperial College, Lond: 
SW7 2BY. (6246; 


KING'S COLLEGE LONDO! 
(KQC) 
University of London 


MSc DEGREE IN GENERA] 
BIOCHEMISTRY 


Both part-time and full-time cours 
will commence in October 1985 а) 
will be held at the Campden Hill Sit 
Kensington. The part-time cour 
extends over two academic years а! 
involves attendance for one afte 
noon and one evening per week. T 
full-time course extends over o 
academic year and involves 
research project. 


Qualifications. Candidates shou 
normally hold a first or second cle 
honours degree (or an approv 
equivalent qualification) in a scier 
subject. Graduates in Medicir 
Dentistry or Veterinary Medicine г 
also admitted. The course is 1 
appropriate to recent graduates frc 
honours Biochemistry courses. 


For further information and app 
cation forms write, in the fu 
instance to the Secretary, Bi 
chemistry Department, Chels 
College, Manresa Road, Lond: 
SW36LX. (6304)C 


Continued on page: 
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Synthetic Peptides 
in Biology and 
Medicine 
June 6-8, 1985 
Hotel Aulanko, 


Hämeenlinna, 


Finland 


Labsystems has initiated a series of biannual research 
symposia to molecular biology. The theme of the first meet- 
ing will be "Synthetic Peptides in Biology and Medicine”. 


Topics include: 





Protein structure and the basis for peptide synthesis 
Immunology of synthetic peptides 
Synthetic peptides in microbiology 

Synthetic peptides in cell biology 
Peptide hormones 














The proceedings will be published. 
Invited speakers will include E Audibert (France), 
E. Beachey (USA), J. De Larco (USA), R. Eisenman 
(USA), G. Evan (UK), T. Hopp (USA), H. Jornvall 
Sweden), S. Kent (USA), V. Marchesi (USA), R. Neurath 
USA), S. Oroszlan (USA), M. van Regenmortel (France), 
E. Ruoslahti (USA), J. Schlessinger (Israel), G. Schild 
(UK), G. Terenghi (UK), L. Terenius (Sweden), G. Walter 
(USA) and E. Wimmer (USA). 

The registration fee is 750 FIM, which will cover 
accommodation and meals. Participants are expected to 
pay their own travel expenses. 

Applications should be sent to: Organizing Commit- 
tee, Labsystems Research Symposium, P.O. Box 8, 

00881 Helsinki, Finland, Telex 121949 Labsy sf, not later 
than April 30, 1985. They should contain a cumculum 
vitae, including the applicants scientific background and 
research interests. 


The Organizing Committee 
Kan Alttalo, Jorma Keski-Oja, Veli-Pekka Lehto, Ale 
Narvanen, Paul Partanen, Ralf Pettersson, Jukka Suni, Antu 
Vahen. 





(W1831)M 
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CONFERENCES and COURSES continued 


1985 
COLD SPRING HARBOR 
CONFERENCE ON 
CANCER CELLS 


DNA Tumor Viruses: Control of Gene Expression & 
Replication 
Wednesday, September 4 — Sunday, September 8, 1985 


Organized By 
TERRI GRODZICKER, Cold Spring Harbor Laboratory 
PHILLIP SHARP, Massachusetts Institute of Technology 
MICHAEL BOTCHAN, University of California, Berkeley 


The 1985 Cold Spring Harbor Conference on Cancer Cells 
entitied, "DNA Tumor Viruses: Control of Gene Expression and 
Replication” will be held from Wednesday, September 4, through 
Sunday, September 8, 1985. We anticipate a schedule with ap- 
proximately fifty major speakers who will present talks of 20- 26 
minutes with ample time for discussion. 


The meeting will be devoted to a broad discussion of aspects 
„of genetic regulation using SV40, polyoma virus, adenoviruses, 
papilloma viruses and herpes viruses as model systems. Planned 
session include: 


Control of transcription: enhancers and promoters 
Control of transcription: regulatory proteins 

In vitro approaches to transcription 

Regulation of RNA processing and translation 
DNA replication and recombination 

Transforming proteins 

Stages of Transformation 


Requests for registration material should be directed to the 
Meetings Coordinator, Cold Spring Harbor Laboratory, P.O. Box 
100, Cold Spring Harbor, NY 11724. 

(NW1712)C 





AWARDS 


DEPARTMENT OF HUMAN ANATOMY, OXFORD 
MRC BRAIN METABOLISM UNIT, EDINBURGH 


MEDICAL RESEARCH COUNCIL 
PARTNERSHIP TRAINING AWARD 


Applications are invited from final year students expecting to graduate 
with a first or.upper second class honours degree in appropriate 
branches of science, medicine or veterinary medicine for a ‘partnership 
Training Award'. The successful applicant will study the metabolism 
of and the development of neural connections and neurotransmitter 
receptors in hypothalamic grafts in hypogonadal mice, a mutant strain 
totally deficient in hypothalamic luteinizing hormone releasing 
hormone Itis expected that this research will lead towards the degree 
of either D.Phil. (University of Oxford) or PhD (University of 
Edinburgh) 


Applications including a full curriculum vitae together with the 
names of 2 professional referees should be addressed to either 


Dr. H. M. Charlton, Department of Human Anatomy, South 
Parks Road, Oxford OX13QX. or Professor G. Fink, MRC Brain 
Metabolism Unit, University Department of Pharmacology, 1 
богде Square, Edinburgh EH8 9JZ not later than May 20th, 
1985. (6204)№ 


ERREA 
OFFice — (Eva 


` 7A "n 


TORONTO 
Peter Drake & 
Торим no cao one 
Tal AG, Ontano Ma 
el (416) 690 24 2423 Tu 








ETTORE MAJORANA CENTRE FOR 
SCIENTIFIC CULTURE 


International School of Biophysics 


14th Course: GENERATION OF 
DIVERSITY AND SPECIFICITY IN THE 


NERVOUS SYSTEM 

Erice-Trapani-Sicily: 14-24 July 1985 - 
Invited speakers include: C. Barnstable (USA), G. Berlucchi (Italy), 
P. Calissano (Italy), A. Cattaneo (Italy), J.P. Changeux (France), U. Di 
Porzio (Italy), A. Gorio (Italy), N.M. Le Douarin (France), G. Levi (Italy), 
R. Levi-Montalcini (Italy), J. Mallet (France), R. Miledi (USA), R.J. 
Milner (USA), J.G. Nicholls (Switzerland), P. Rakic (USA), U 
Rutishauser (USA), J. Szentagothai (Hungary), D. Trisler (USA), B. 
Zipser (USA). ' 
Topics include: Monoclonal antibodies and neuronal specificity; 
recombinant DNA approaches to nerve cell function; epigenetic factors 
in neuronal development; molecular system for cell recognition; 
neurotransmitter receptors; nerve cell lines and primary cultures; 
neurite generation and regeneration; synaptic plasticity; neuronal 
organization and brain function. 
Application: Closing date for application is 15th June, 1985. No 
special application form is required. Applicants should specify: i) date 
and place of birth, together with their present nationality; ii) degree and 
other academic qualifications;. iii) list of publications; iv) present 
position and place of work. Young persons with limited experience 
should enclose a letter of recommendation from the head of their 
research group or from a senior person active in the field. The total fee 
including full board and lodging (arranged by the School), is US $600. 
Thanks to the generosity of the sponsoring Institutions, partial support 
may be given to deserving students who need financial help. This must 
be specified and justified in the application letter. 
Application to: Dr. G. Boera, Institute of Cell Biology CNR, Via 
Romagnosi 18A, 00196 Rome, Italy. Tel. 6/3611407. Telex 622195 
INGENR І, Telefax 3609402. 
'M.G.F. Fuortes' Scholarships: Two 'M.G.F. Fuortes' Scholarships 
will be awarded to deserving neurobiologists опе by the 'M:G.F. 
Fuortes Memorial Fund' (reserved for a USA applicant), and the other 
by the ‘Ettore Majorana Centre’. The scholarships will cover both travel 
expenses and school fees. The letter of application for these 
scholarships should be sent, together with a dupicate of the application 
for these scholarships should be sent, together with a duplicate of the 
application for the attendance to the Course to: MGF Fuortes 
Memorial Fund, Laboratory of Neurophysiology, NIH Bldg, 36 
Room 2C-02, Bethesda, Md.20205, USA. 
R. Levi-Montalcini, P. Calissano Direcots of the Course. A. Borsellino 
Director of the School. A. Zichichi Director of the Centre. (W1830)C 
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An area of lichen/black spruce woodland near Bush 
Lake in Quebec, Canada. A tree-ring chronology has 
been constructed for this woodland for the years 1398 
to 1982, giving some pointers to conditions during the 
Little Ice Age and providing the longest tree-ring 
chronology vet available for eastern North America. 
(See page 135) 
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... because PepRPC™ and ProRPC™ from 
Pharmacia are the state of the art in 
reversed phase chromatography 
media for separating and 
recovering biological 
molecules. 
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ensures reproducibility from batch to batch. 
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A business trip to Switzerland needn't involve 
you in an overnight hotel room, extra meals 
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cost you time and money. 

With Swissair a day-trip to Zurich or Geneva 
is an easy option. 

Out on our first flight in the morning. Back 
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in the evening. Whether vou fly from London 
to Zurich, Basel or Geneva, or Manchester to 
Zurich, there's plenty of time for a business 
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Economy Class, if you want to fly inexpensively 
but still enjoy true Swiss hospitality. 

A trip to Switzerland by Swissair need only 
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Protein A from | IMRE: 
Pure Economy 


Protein A from IMRE Corporation 
meets the rigorous standards of 
Prof. John Sjöquist, discoverer of 
Protein A and IMRE’s Director of 
Scientific Affairs. Yet IMRE Protein 
À is available at a remarkably low 
COSI. 
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Too much fall-out from summit 


Last week's summit meeting in Bonn was no more of a failure than its predecessors." These 
meetings do not settle issues, but have the virtue of putting them on the international agenda. 


ТАКЕ seven heads óf government; each preoccupied with urgent 
domestic business, and throw them together for a couple of days 
with instructions to consider the world’s urgent problems from 
the other fellow’s point of view. It is a daunting assignment. 
Usually, after the event, the public relations people are hard press- 
ed to conceal the disturbing truth that even world statesmen, as/ 
they are called, do not rise to the grand occasions. Their simplest 
trick is to make public.the quarrels there will certainly have been 
on relatively minor issues, but at the same time to suggest that 


none of this can presage permanent disunity (which is usually | 


correct). So what can the statesmen.claim they have accomplished : 
when they return to face.their own electors? Prudently, they ar- 
range that each among them has some cheerful souvenir to take 
home. On this occasion, there was lukewarm support for Presi- 
-dent François Mitterrand's plan that high technology should be 


-used to help Africa feed itself, general approval almost in- . 


distinguishable from indifference for the British government's 
. economic policies and muted acquiescence in US plans for star 
wars research. But the statesmen at Bonn failed to agree on the 


US demand that there should be a further round of talks next , 


year on the liberalization of international trade and on the French 
demand that international monetary reform should be a precon- 
dition of such talks. 

The temptation to blame the French for the failure at Bonn 
should be suppressed, if only because the French, and especially 
President Mitterrand, have consistently done their best to tackle 
other than immediate problems. Four years ago, at Fon- 
tainebleau, the cry was that technology should be made the in- 
strument of renewed economic growth. This year, at Bonn, the 
plan was to rid Africa of famine by an engineered green revolu- 
tion coupled, wherever appropriate, with the use of Earth 
resources satellites and the like. President Mitterrand is entirely 
right to believe that technology can work wonders, and would 
now be within his rights to be irritated that his fellow-statesmen 
do not share.his vision. Where he goes wrong is to suggest that 
technology, admittedly a necessary part of the solution of these 
problems, is for that reason also sufficient. That is the illusion. 
While the climate and the soil of much of developing Africa are 
inimical to agriculture, the reasons why food production is in- 


adequate have more to do with the willingness of African govern- | 


ments to sacrifice the prosperity of their peasant and farming 
populations to the interests of their urban voters than with the 
physical conditions under which crops must be grown. A sum- 
mit of the seven will not put that to rights. 

The French demand for monetary reform is similarly stronger 
on good intentions than on realism. Rapid currency fluctuations 
are unsettling, and bad for world trade (which may be true), so 
let us legislate against them. That seems to be the argument. It 
is a classic case of therapy by the removal of symptoms. But Presi- 
dent Mitterrand is well placed to know that before fixed curren- 
cy rates were finally abandoned in 1972, international financial 


crises happened just.as often, but took a different form. The im- : 


-mediate cause of the troubles of the past few months is the large 
budget deficit of the federal government of the United States, 
and the way.in which this is being financed (by borrowing from 
abroad rather than by printing domestically inflationary dollar 
bills). Since there is no way in which sovereign governments can 
be prevented by their trading partners from running budget 





deficits'or even, if they choose, from letting domestic inflation 
run riot, the only present basis for monetary reform is an agree- 
ment between the summit states to limit the effects of bad 
budgeting on tlie international money markets. If Mr. Mitter- 
rand had been pressing for true reform along such lines, rather 
than for a return of the bad old days, the United States would 
probably still have disagreed with him, but then he would have 
had reason on his side: 

The US demand for a further round of talks on international 
trade beneath the umbrella of the General Agreement on Tariffs 


and Trade (GATT) is a more complicated issue. That GATT 


should exist is a sign of grace. That the United States should have 
taken the initiative in pressing for an extension of the free-trade 
regime is decidedly another. Politically, it might have been easier 


' for the US administration to give in to the recent demands in 


Congress for a greater measure of protection from imports from 
overseas. But the United States was asking last weekend for an 
extension of the rules governing international trade that would 
strike at the roots of many shaky institutions elsewhere. The pro- 
posal that the rules on free trade should be extended to 
agricultural produce might yet make a market for Texas beef in 
Japan, but would certainly spell trouble for the practice of the 
European Community of, subsidizing farmers by means of ar- 
tificially high prices for food in domestic markets, while retain- 
ing the right to dump the surplus on the international markets. 
(One of last weekend's' little ironies is that, while Chancellor 
Helmut Kohl was seeking emollient ways of making the Bonn 
communique seem good, his agriculture minister had dug in his 
heels, on behalf of West German farmers, against a proposal that 
the price of European cereals should be reduced.) The truth is 
that, on free trade, the United States has reason on its side and . 
should’ be helped to have its way. 

Star wars, the other agenda item, is more of an embarrassment 
for all. Two years ago, when the Strategic Defense Initiative, as 
it was later called, took much of the US'administration by sur- 


prise, most other governments were either sceptical (as in Western 


Europe) or hostile (the Soviet Union). With the passage of time, 
the administration seems to have calculated that doubters might 
be turned into supporters if they were offered participation, but 


the terms on which this will be possible are not clear. But most" 
of the summit governments, and certainly their electors, would 


be happier if the whole scheme had never been thought of. Some 
of them will talk about participation in the hope that helping will 
give them influence, but are alarmed that star wars may jeopar- 
dize the missile talks under way at Geneva. 

Agreement on that issue, like most of the others raised in Bonn, 
lies in the future. To next year’s summit, perhaps? Many of the 
issues raised in Bonn cannot wait that long. The US deficit will 
either have been made to go away, or there will be a different 
set of economic problems with which to grapple. But President 
Mitterrand may find, by next year, that he has been luckier than 
he now thinks likely on monetary reform, given the way in which 
bankers have'taken fright over recent developments. If star wars 
have confounded the Geneva negotiations, or if these have broken 
down for other reasons, there will be more urgent things to talk 
about, which only goes to show that these summits, whatever 
they fail to accomplish, have become a valuable agenda of our 
anxieties. ' Li 


me QOPNNION 


Running telescopes 


Managing British astronomy is up for talks. Here 


is a recipe for the committee responsible. 

THE first tangible product of the review of the pattern of British 
academically related research to which the Science and Engineer- 
ing Research Council committed itself six months ago is hardly 
the revolution some had feared (or, sometimes, hoped for), but 
is none the less interesting on that account. The nub of the deci- 
sion about research in astronomy announced last week is for the 
time being unremarkable, even hackneyed: there is to be another 
committee, the composition of which will be decided only next 
week. But in the course of inviting comments, the council says 
its objective is to decide what arrangements there should be for 
managing the two modern observatories in which the British have 
a majority share, at La Palma and in Hawaii. (The Netherlands, 
Spain, Denmark and Sweden are differently involved in one or 
other or even both of the projects.) By putting the question in 
those terms, the council has side-stepped what in the past has 
seemed the central question in British astronomy, that of whether 
the two observatories (at Herstmonceux and Edinburgh) should 
be merged and, if so, on which site. To ask instead the question 
how the new observatories should ideally be managed should pro- 
vide a more constructive agenda for discussion than the many 
earlier enquiries on related subjects. 

As things are, the Royal Greenwich Observatory (at 
Herstmonceux) is responsible for the La Palma observatory, to 
which it has donated its largest telescope, the 92-inch Isaac 
Newton reflector. Edinburgh, on the other hand, has had opera- 
tional responsibility for the Anglo-Australian telescope, roughly 
18,000 kilometres distant. (Nothing is said in last week's an- 
nouncement of the importance of that instrument in the future 
scheme of things, confirming earlier guesses that the research 
council plans to trade its share of the capital equipment for a 
measure of observing time.) But yet another laboratory, the 
Rutherford Applcton Laboratory in the middle of southern 
England, has an important place in the management of British 
astronomy, both in the operations of the computer network by 
which data are exchanged between university laboratories and 
in supervision of the millimetre-wave telescope being built on 
Mauna Kea. On the face of things, British astronomers are over- 
well catered for in these respects. What the new committee should 
be asking is whether they should now be given a chance to look 
after themselves. 

There is now plenty of recent experience to suggest how this 
should be arranged. Like other kinds of laboratories, obser- 
vatorics need directors, preferably persons of distinction in the 
field concerned, astronomy in this casc. Even when the chief users 
are from universities, observatories also need to have a resident 
scientific and technical staff. Given the geography of the new 
British ventures, these will presumably be chosen to be as small 
as possible. For the rest, there need to be oversight committees, 
essentially trustees, and commuttees for the allocation of observ- 
ing time, which again need not always meet in the shadow of the 
instruments they service. To give this pattern of management con- 
viction with the users, some way should be found of incorporating 
users or their representatives in these managerial functions. These 
are the essential ingredients of the management structure, which 
happen not to involve the existing observatories at Herstmonceux 
and Edinburgh. 

But this, of course, is not the whole of the fabric of support 
for a lively astronomy enterprise. The development of instruments 
has been shown in recent years to have been crucial to the im- 
provement of techniques, at both telescopes, while the manage- 
ment and storage of data is likely to become just as important 
in the years ahead. But the people best placed to know what in- 
struments will yield worthwhile results are potential users and 
their frequent attendants, the people with a zeal (and flair) for 
making things a little more sensitive or accurate, from which it 
follows that the research council should make grants to univer- 
sity astronomers for the development of instruments (which 
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already happens), keeping up its sleeve some means for building 
what the enthusiasts design (best done, alongside the develop- 
ment of instruments for satellites,‘at the Rutherford Appleton 
Laboratory). Data management needs to be done by astronomers, 
not toilers in some huge laboratory, which argues for transferr- 
ing this responsibility to one of the two observatories in the United 
Kingdom. With its recent success in designing data handling 
techniques, Edinburgh seems a better bet than Herstmonceux. 
This is the kind of pattern to which logic leads — a single 
smaller observatory based in Britain, more responsibility (as for 
instrument design) given to the university users of the new equip- 
ment and central support in engineering from a large laboratory. 
So why bother with a committee? Because committees are about 
politics as well as reason. The choice of which observatory to 
close is bound to be invidious, and so 1s most easily made by peo- 
ple with an appearance of detachment. That is how the argument 
gocs. So the research council ultimately in charge should simplify 
the committee’s work by making clear in advance how it would 
deal with the people, possibly counted in hundreds, whose jobs 
would vanish under a brisk plan for reorganization. And the coun- 
cil should do its level best to practise what it has been preaching 
in the past few years, that astronomy is not only an end in itself 
but also a way of acquiring skills of general applicability, by 
shouldering the task of finding acceptable and useful jobs for 
those who may be displaced. At a time when Britain, against the 
recent trends, is about to be better blessed with facilities for obser- 
vation in astronomy, it would be absurd that the dole queues 
should be lengthened by an influx of professionals in the field. 


Beware junk bonds 


Business in the United States, always inventive, 


seems bent on turning fiction into truth. 

THE board-game ''Monopoly" was designed in Atlantic City to 
mimic the real world of property speculation. Now, the finan- 
cial wizards of Wall Street and similar places seem bent on adap- 
ting '"Monopoly"' to real life. Shadowy figures with colourful 
names such as T. Boone Pickens have hit on a novel way of buy- 
ing up desirable companies in the stock market. The stratagem 
is ingemous and simple. A publicly-quoted company is singled 
out as a target, often on the strength of its diversity and the 
likelihood that its business assets are undervalued. Then a second 
corporation is created which offers to buy a proportion of the 
stock in the target in return for securities of its own, usually in 
the form of interest-bearing certificates. To make the deal at- 
tractive to the shareholders, the rate of interest is fixed at a level 
great enough to promise a return greater than the dividends earned 
from the target company. To lend reality to the offer, the com- 
pany usually has to spend cash buying a proportion of the outstan- 
ding stock in the markets. Under United States law, и will suf- 
fice for the raider's purpose to acquire just that proportion of 
stock to gain control of the target company. 

That is phase onc. The problem now is that the shell company 
that has won control of its target is saddled with a load of debt, 
which can only be discharged by selling off the assets of what 
was originally the target company, exchanging the cash proceeds 
for the outstanding debt. In principle, these schemes will work 
so long as thc assets can be sold for more than the nominal cost 
of buying half the target company. In practice it is often more 
profitable to offer some cash with the original purchase, for then 
the purchase price may be much lower. One way and another, 
the junk bonds outstanding from the recent frenzy of takeovers 
in the United States continue to be serviced. So far as anybody 
can tell, none of the schemes financed by junk bonds has yet come 
unstuck. But the amounts of money involved are so large ($9,000 
million for Gulf Oil) and the basis of these deals so shadowy, 
that some of them are bound at some stage to run into trouble, 
perhaps because the assets are no longer as saleable as they seem- 
ed. Then a lot of people who thought themselves rich will find 
themselves poor, the common experience after the Great Crash 
of the 1930s from which '*Monopoly" sprang. a 
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US agricultural research 


NEWS 


Mission-agency seeks 
relief from Congress 


Washington 

THE Agricultural Research Service (ARS), 
the US Department of Agriculture's 
sprawling intramural research agency, is 
emerging from three years of austerity 
(some self-imposed) and reorganization 
with a mixed success in its efforts to polish 
its tarnished image with the scientific 
community. 

ARS's administrator, Dr Terry Kinney, 
has scored one major success by reducing 
administrative overheads by $12 million out 
of the agency's $487 million annual budget. 
Less successful have been Kinney's at- 
tempts to challenge Congress's insatiable 
appetite for building new laboratories that 
for the most part serve only parochial 
interests. ` 

And the most long-standing criticism of 
ARS — that it is not keeping pace with new 
developments in basic research, especially 
molecular genetics — persists, in spite of 
one notable ARS initiative, the creation last 
year of a plant gene-expression centre in 
conjunction with the University of 
California. 

That criticism was reiterated most recent- 
ly by a National Academy of Sciences panel 
which scrutinized ARS’s research pro- 
grammes at the request of ARS itself. The 
panel’s report again emphasized the need 
to concentrate on developing basic under- 
standing of plant physiology and develop- 
ment, insect neurobiology, immune res- 
ponses in animals and other fundamental 
molecular processes in domestic plants and 
animals as well as pests. 

Standing in contrast to the panel’s 
recommendations is ARS’s own 1984 an- 
nual report of its research achievements, 
which highlights applications almost ex- 
clusively — a new rotary disk for harvesting 
soya beans, a pelletized guayule seed that 
improves germination, a pilot plant for 
automatic tanning of cattle hides, a new 
‘ kind of spaghetti made with 10 per cent 
bran. 

The academy panel, chaired by Ralph 
Hardy, recently head of life sciences at Du- 
Pont and now president of BioTechnica, 
also recommended some drastic steps for 
ARS if it is to create the proper ‘‘climate’’ 
for good research. For example, the panel 
said ARS needs to be a lot tougher about 
offering permanent positions to scientists. 

At present, the panel said, virtually all 
ARS scientists who are reviewed at the end 
of a one-year probationary period are pro- 
moted to permanent staff positions; the 
probationary period should be extended to 
five years and candidates should be 
evaluated by an outside group of experts. 

The panel also suggested a substantial in- 
crease in ARS’s postdoctoral programme; 








instead of 25 postdocs (actually, ARS of- 
ficials say, the true figure is closer to 275), 
there should be at least 750. And instead 
of devoting 90 per cent of research budgets 
to salaries — as at some of the ARS’s 147 
laboratories and research centres — salaries 
should be at most 75 per cent, and in some 
cases as low as 60 per cent, the remainder 
going towards properly ‘equipping the 
laboratories. 

The 147 laboratories are a problem in 
themselves. The panel noted, as have many 
others before, that that is simply too many. 
Research groups are fragmented, preven- 
ting the formation of a ‘‘critical mass’’ of 
scientists needed to make progress. 

ARS officials say that they have already 
dealt with many of these complaints, but 
that their hands are tied on the others. 
Federal personnel rules, for example, pro- 
hibit use of outside consultants in hiring 
and promotion decisions. But ARS is now 
negotiating with the federal Office of Per- 
sonnel Management to lengthen the current 
one-year probationary period to three 
years. 

Congress has been the greatest obstacle 
to ARS’s attempts to shut down centres 
and laboratories that have outlived their 
usefulness, or which fragment the research 
effort. ARS did succeed in transferring the 
staff of the fire-ant research laboratory in 
Gulf Port, Mississippi, to its Gainesville, 
Florida, insect research centre. It hopes to 
consolidate several other laboratories this 
year. 

But Congress has effectively turned 
down a request to rescind funds approp- 
riated in fiscal years 1984 and 1985 for con- 
struction at eight facilities (including a 
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Forage Seed Production and Research 
Center and the National Soil Tilth Center). 
Congress has also continued to create new 
facilities, such as a national centre for lep- 
tospirosis in Ames, Iowa, and a Children’s 
Nutrition Research Center in Houston, 
Texas. . 

One way that ARS hopes to avoid being 
saddled with still more laboratories in the 
future is by writing new language into the 
farm bill, which is up for renewal this year. 
As things stand, the only way for a state 
to obtain federal money for a research 
facility is by having ARS build and operate 
it. The new language would open an escape 
valve, allowing Congress to appropriate 
matching funds for states to build their 
own facilities when they consider this neces- 
sary. 

Dr Mary Carter, ARS's associate direc- 
tor, says that the agency has already taken 
steps to meet the panel's criticism of high 
personnel costs, and that many laboratories 
are already down to 65 or 70 per cent. Some 
laboratories where the figure is deemed too 
high have been ordered not to fill vacan- 
cies to correct the problem. 

Carter also said that ARS is committed 
to expanding its programmes of postdoc- 
toral research. Besides the 50 positions that 
are being created directly by the administra- 
tor's office, the research laboratories them- 
selves hire some 250 or so postdocs. 

But ARS, always under pressure from 
Congress — particularly Representative 
Jamie Whitten (Democrat, Mississippi), 
chairman of the Appropriations Commit- 
tee — to ‘їо something for the farmer", 
is drawing the line at any major tilt in 
favour of basic research. “Were a mission- 
oriented agency,” Carter said, emphasiz- 
ing the new ARS party line that biotech- 
nology is merely a group of ‘‘methodo- 
logies” that can be put to use at all of its 
laboratories. ARS has explicitly rejected the 
notion of establishing biotechnology or 
basic research centres. 

Stephen Budiansky 





Land bows out from Polaroid 


EDWIN Land, the 76-year-old founder of 
the Polaroid Corporation, has broken his 
last tie with the company. Last week, Land 
announced he would sell his remaining 
shares, which account for 8.3 per cent of 
Polaroid stock, and turn over a sizeable 
portion of the proceeds to the non-profit 
Rowland Institute for Science, a vaguely 
utopian haven for basic research that Land 
set up in 1981 by selling off $38 million 
worth of stock. 

Land's remaining stock has an estimated 
market value of $71 million, $28 million 
of which is to go to the Rowland Insti- 
tute. 

Land resigned as chairman of Polaroid 
in 1982 (see Nature 298, 701; 1982) during 
a rough period for the company. The com- 
pany's Polavision instant movie film, 
which hit the market in 1977, just as home 





video equipment was becoming available, 
proved a colossal flop, costing the company 
a reported $68 million. Although 
Polaroid's earnings began to recover from 
that setback in 1983, the company hit 
rough times again in the third quarter of 
last year. 

The Rowland Institute, along with the 
Rowland Foundation that Land establish- 
ed in 1960 to support research and educa- 
tion, has increasingly been his consuming 
interest in recent years. 

The institute, with a staff of about 80 
and a new building on the Charles River 
in Cambridge, Massachusetts, was describ- 
ed by Land at the time of its founding as 
a place where scientists could return to “ап 
older way of doing science", without large 
research teams or big machines. 

Stephen Budiansky 
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France 


NEWS 


New scourge for universities 


IN a rather extraordinary and for the 
universities somewhat disturbing develop- 
ment in French higher education, a prin- 
cipal critic of the French university system 
has been appointed president of a new 
universities ‘‘evaluation committee". 

The man in question, M. Laurent 

- Schwartz, is a highly-respected mathemati- 
cian at the Ecole Polytechnique, one of the 
*'jvy-league"' grandes écoles of France. But 
he is also the author of two influential 
diatribes attacking the French universities 
and prescribing certain medicines, such as 
a greater dose of selection and élitism, 
which do not appeal to the majority of 
university staff. These were appointed in 
the egalitarian boom years after the 1968 
student rebellion when the universities both 
shifted well to the political left and 
quadrupled in size. To them, a Schwartzian 
new broom is a fearsome thing. 

But how much power will M. Schwartz 
have? This will not be clear until his new 
committee, the Comité National 
d'Evaluation des Universités (CNEU), has 
been in place for a year and delivered its 


first report. But that this may come around: 


the time of next year's general elections in 
France, when, according to present opinion 
polls, the right will return to government, 
will cause further alarm. 

In principle CNEU is being presented as 
equivalent to Britain's University Grants 
Committee (UGC), which distributes 
British universities’ annual *'recurrent 
grant” from the Department of Education 
and Science to cover salaries and basic 
university expenditure such as heating and 
building costs. But there are important dif- 
ferences. On the whole, UGC is composed 
of university heads of department represen- 
ting a cross-section of academic disciplines. 
In the face of university cuts, therefore, it 
has tended to act as a defensive body, the 
only notable exception being when UGC 
cut grants to certain smaller, mostly 
technological universities on the debatable 
basis that these universities attracted 
students with poorer A-level grades than 
others such as Oxford and Cambridge. 
This, in a sense, was passing the buck. 

But the French CNEU promises to be 
different. Apart from M. Schwartz, the 
nine members of the “асайетіс”’ side of 
the committee will include physicist M. 
Pierre Aigrain, former science minister 
under the previous (and conservative) 
French President, Giscard d'Estaing, 
alongside other representatives of the 
grandes écoles, and few from the universi- 
ty system itself. The committee is com- 
pleted by five members of what might be 
described as an ‘‘industrial’’ side of the 
committee. Altogether, then, CNEU can- 
not be described as representative of the 
universities, as can UGC. Rather, CNEU 
represents a new structure on top of the 
universities: a new level of control. 

















The appointments to CNEU were an- 
nounced only last week. But its terms of 
reference were defined in a higher educa- 
tion bill last year. According to these, 
CNEU will regularly review the work fun- 
ding of the universities, considering both 
their research and teaching. CNEU will also 


, measure eaclv university against its multi- 


annual plan — under which a university 
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agrees development plans with the ministry 
of education in exchange for a secure 3-5 
year budget. 

The committee will also review the new 
PhD system, which began only this year, 
and will not report to the minister of educa- 
tion but to the Elysée itself: to the Presi- 
dent of the Republic, presently M. Fran- 
cois Mitterrand. 

It seems possible that M. Mitterrand, 
new scourge of the universities, while enter- 
ing from the left, will end up by leaving 
from well to the right. Robert Walgate 





NIH 


More competition, more -disg uiet 


Washington 

THE Reagan administration’s plan to 
restrict to 5,000 the number of extramural 
research project grants awarded by the Na- 
tional Institutes of Health (NIH) is having 
a marked effect on the priority score re- 
quired of successful applicants. The 
estimated aggregate cut-off point for 1985 
is 170, although because there have been 
more high-quality applications than ex- 
pected, the figure may turn out to be as low 
as 160. The payline, as the cut-off is call- 
ed, varies between institutes from less than 
150 to over 200. 

^ The Congress had requested 6,500 grants 
for 1985; if it prevails in the argument with 
the administration, the payline would be 
around 190. According to the latest 
rumours, a compromise of around 5,800 
grants 1s likely. 

Meanwhile, intramural research at NIH 
is also facing problems. The administra- 
tion’s proposed budget for NIH intramural 
research in 1986 is $561 million, down $16 
million from 1985. NIH officials estimate 


Pnority scores 


75 77 79 


Year 








that $619 million would be ар іп 1986 
to maintain research at its present level. 

In addition, the institutes as a whole have 
to lose 450 man-years from their staff by 
30 September, with a reduction of a fur- 
ther 150 man-years during the following 


. year. The number of staff that will have to 


be lost by September will probably be over 
600, because the instruction to reduce staff 
(from the Office of Management and Bud- 
get) was received only in January, one-third 
of the way into the fiscal year. А 
The problem is further exacerbated іп - 
those institutes already employing more ' 
staff than the Office of Management and 
Budget had assumed. Institutes in this 
category have initiated a ‘‘semi-freeze’’ 
policy, whereby two jobs must be lost 
before a single replacement can be hired. 
NIH officials are concerned that young un- 
tenured researchers are being frozen out 
and that administrative and domestic staff, 
who are usually tenured, will as a conse- 
quence be a growing proportion of the 
whole. Tim Beardsley 


----- Awards as percentage of applications approved 


*Estimate 


The broken line shows the percentage of grant applications approved by NIH study sections 
that were actually funded; the solid line shows the so-called ‘‘payline’’ — the priority score 
that 90 per cent of the funded applications had to better in order to receive funding. Priori- 
ty scores range from 100 (excellent) to 500 (poor). The 1985 estimates assume 5000 grants 
this year; the actual number is still under negotiation. 


z 
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Creation science 


ГА 


МЕМ 


Rot sets іп in Queensland 


St Lucia, Queensland 

IN Australia’s sunshine state of 
Queensland, worried academics and 
teachers are preparing for a re-enactment 
of the “creation science” debate of the past 
few years in the United States. Their con- 
cern is that Queensland's Minister for Edu- 
cation, Mr Lin Powell, has ordered the 
teaching of creationism in state high 
schools. Whenever teachers raise the sub- 
ject of evolution, they are also now oblig- 
ed to present the conflicting arguments for 
creation and catastrophism. 

Hitherto, many of Queensland’s teachers 
have exploited a convenient loophole in Mr 
Powell’s edict: they were not instructed 
how to teach creation science. But the 
minister now intends to close that loophole 
by spelling out to teachers exactly how they 
should present creationism in the 
classroom. His plans are being formulated 
with advice from the Creation Science 
Foundation (CSF), an organization that 
maintains a constant barrage of creationist 
propaganda from its headquarters in the 
Brisbane suburb of Sunnybank. At present, 
Queensland is the only Australian state 
where creationism is officially included in 
the school science curriculum, although 
some academics and teachers believe that 
it is being taught unofficially elsewhere. 

CSF, which describes itself as a ‘‘faith- 
funded organization", publishes the glossy 
magazine Ex Nihilo at an annual cost of 
more than $40,000. The magazine is 
delivered to all state high schools in 
Queensland (with approval from the 
Minister for Education), and also finds its 
way into school libraries in other states. 

Late last year, the librarian at a high 
school in the Northern Territory judged Ex 
Nihilo to be unsuitable for children and re- 
quested CSF to send no further issues. CSF 
gave a prompt response in its newspaper 
Prayer News — it published the name and 
address of the offending school and urged 
its readers to write expressing disapproval. 
The editor of Prayer News commented that 
it was a ‘‘dangerous situation" when а 
library refused to accept a gift of Ex Nihilo. 
Eventually, the hapless school librarian 
capitulated under mounting pressure from 
CSF and its supporters. 

While Ex Nihilo brings creationism to a 
general audience (including children), CSF 
has also launched a second periodical 
destined for only the most erudite crea- 
tionists. The Ex Nihilo Technical Journal 
is laid out in the format of many reputable 
scientific journals and purports to give an 
in-depth treatment of the latest develop- 
ment in creation research. 

CSF, not content merely to make inroads 
into the educational system, now also of- 
fers its own correspo courses in crea- 
tion science, which may be attractive to 
teachers seeking additional ‘‘qualifica- 
tions”. The gratifyingly large number of 


enrolments (more than 90) has prompted 
CSF to start selling its courses in the United 
States, where it already has representatives 
to promote sales of its literature. Most 
recently, CSF has revealed plans for a 
“world class museum as a teaching centre 
on creation”. 

So far, the creationist campaign has met 
no organized opposition from the scientific 
community. Not a single scientific society 
has spoken out against the bogus science 
of creationism. The Australian and New 
Zealand Association for the Advancement 
of Science has remained silent, as has the 
Australian Academy of Sciences. Represen- 
tatives from all major scientific organiza- 
tions, gathered in Canberra on 16 April for 
the inaugural meeting of the National 
Committee for the Promotion of Science 


and Technology, might well have been ex- 
pected to voice some opinion on the issue, 
but did not. 

Nevertheless, many individuals — scien- 
tists and teachers, students and parents — 
are beginning to express concern about the 
unchecked growth of creationism. On 22 
March, an audience of nearly 400 gather- 
red at the University of Queensland to hear 
8 series of lectures exposing the fraudulent 
basis of creation science, as a result of 
which an action group has been formed in 
resistance to the creationist campaign. 

The action group has adopted the name 
Australian APE (Australian Association 
for the Protection of Evolution), and aims 
publicly to refute the claims made by crea- 
tionists and to press for the removal of 
creationism from the school science 
syllabus. It is assembling *'survival kits” 
for schoolteachers who find themselves un- 
willingly obliged to teach creationism. 

Tony Thulborn 





Soviet computers 


Keeping up with the students 


THE Soviet Union has launched a major 
programme for computer literacy in 
schools, apparently in response to 
complaints by Dr Vyacheslav Elyutin, 
Minister of Higher and Specialized 
Secondary Education, that the poor 
performance of certain sectors of the 
Soviet economy is attributable to the lack 
of computer-mindedness among middle 
managers.During the coming academic 
year, a course in ‘‘Fundamentals of 
information science and computer 
technology" is to be introduced in all 
secondary schools, initially in the ninth and 
tenth forms (for 15 to 16 year olds), and 





later for younger students. Experiments 
are also planned in the use of computers in 
teaching other school subjects, as for 
example in processing the data obtained in 
physics or chemistry lessons. 

Experiments in the use of computers in 
schools seem to have been going on for 
some time. According to Professor Vadim 
Monakhov, director of the Institute of 
Teaching Content and Methods of fhe 
Soviet Academy of Pedagogic Sciences, 
one such course was introduced in a 
Moscow school (specializing in 
mathematics) as early as 1960. Shortly 
before the recent Politburo decision, a 
Soviet television feature showed children 


from another Moscow secondary school 
using computers and visual display units 
under supervision and even making 
microcalculators and assembling printed 
circuit boards for local industry as part of 
their “‘work training 

The logistical ү-н of the new 
courses are considerable. Soviet school 
textbooks are usually published in editions 
of 4 million and software packages will 
have to be produced on the same scale.Dr 
Monakhov last month visited the United 
Kingdom for an international study group 
on the introduction of computers in 
schools but, on his return, told a Moscow 
radio reporter that although he had had 
considerable opportunity to get acquainted 
with teaching software of British 
companies, including Acorn and Sinclair, 
he found them for the most part unsuitable 
for Soviet use.The Soviet educationalists 
were therefore, he said, faced with the 
“tremendous” task of developing their 
own software. 

Hardware is also liable to cause 
problems. It is not simply a matter of 
choosing the computer that is ‘‘most 
suitable" to the teaching profession, 
Monakhov explained, but also to ensure 
that Soviet industry is capable of 
producing such a computer by 
September.The plans for training of 
teachers for the new courses also seem 
unrealistic. Crash courses for teachers of 
mathematics and physics will be organized 
(presumably during the summer vacation). 
Since the Politburo decision also supposes 
a vast expansion of extra-curricular 
computer facilities for young people, 
organized through creativity clubs and the 
Pioneer youth movement, many teachers 
may well be faced with pupils more familiar 
with computers than they are themselves. 

Vera Rich 


90 





Soldiers’ sickness 


Compensation for US veterans 


Washington 

ACTING under instructions from Congress, 
the US Veterans Administration (VA) has 
now spelled out its proposals for regulating 
compensation claims based on exposure to 
dioxin-contaminated herbicides and radia- 
tion from atomic tests. But VA’s proposals, 
which were required to be based on ‘‘sound 
scientific and medical evidence’’, are un- 
likely to end the long-running debate over 
when cause and effect should be inferred 
in dealing with such claims. 

Nineteen million gallons of dioxin-con- 
taminated herbicides were used during the 
Vietnam war, but veterans have been large- 
ly unsuccessful in claiming compensation 
from the government for disabilities 
allegedly resulting from their exposure. On- 
ly 20 claims have so far been recognized. 

VA's proposed regulations continue its 
policy of assuming some dioxin exposure 
for all Vietnam veterans, but are unlikely 
greatly to increase the number of success- 
ful claims. Chloracne is the only disease 
recognized by VA as likely to result from 
exposure to the most potent dioxin isomer, 
2,3,7,8-TCDD, and then only if symptoms 
appear within 3 months of military service. 

Generally, compensation is paid for all 
medical conditions which appeared during 
service, and for some chronic diseases ap- 
pearing within a year of discharge. In bor- 
derline cases, compensation is awarded if 
there is reasonable doubt. Most claims fall 
outside these categories, however, as they 
are based on diseases appearing years later. 

VA was requested by Congress to con- 
sider specifically how it would deal with 
claims linking dioxin exposure with soft 
tissue sarcoma and porphyria cutanea tar- 
da, a liver disorder, but has concluded that 
neither disease has been convincingly 
shown to result from dioxin. 

Most of the evidence on the human 
health effects of dioxin comes from studies 
of industrial exposure and from the Air 
Force’s Ranch Hand study, which found 
some suggestive but equivocal evidence 
linking relatively high levels of dioxin ex- 
posure in spraying crews to increased in- 
cidence of skin cancer, birth defects and 
neonatal deaths. 

Firmer answers should emerge from a 
$75 million epidemiological study by the 
Centers for Disease Control (CDC) of 
health effects of Vietnam service and dioxin 
exposure, recently mounted. Some 30,000 
veterans will be interviewed by telephone, 
of whom 10,000 will be given thorough 
physical examinations at special clinical 
facilities constructed at Albuquerque, New 
Mexico. CDC are also carrying out a case 
control study of those particular cancers 
suspected of having being caused by diox- 
in. The results should be available before 
the end of the decade. 

Veterans who participated in above- 
ground nuclear weapons tests in Nevada 














and in the Pacific have been just as unsuc- 
cessful in prosecuting compensation claims 
as the Vietnam veterans. Only 20 cancer 
cases have been recognized as due to 
service-related exposure to ionizing radia- 
tion. VA’s proposed regulations allow 
possible claims based on leukaemias and 
bone cancer appearing more than two but 
less than 30 years after exposure (excluding 
chronic lymphatic leukaemia), and those 
based on thyroid, breast, lung, liver and 
skin cancers occurring more than 10 years 
after exposure. But, because many of these 
conditions are relatively common in the 
general population, few cases are likely to 
be recognized. 

The central argument in radiation-linked, 
claims has always been over the size of the 
estimated dose. Estimates based on film- 
badge records, for example, take no ac- 
count of ingested and inhaled radioactivity, 
which were probably not negligible in tests 
where soldiers had to run towards a bomb 
crater throwing hand grenades. The 
Defense Nuclear Agency has attempted to 
fill the gap by making estimates of dose 
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through these pathways, and these are us- 
ed in a major study of mortality among 
atomic test veterans that is to be released 
later this month by the National Research 
Council's Medical Follow-up Agency. This 
study, directed by Seymour Jablon, traces 
mortality among 50,000 test veterans, 
roughly one-fifth of the total. 

But even this will not be enough to 
satisfy veterans’ organizations and the 
Congress. Acting again under instructions 
from Capitol Hill, VA is considering the 
feasibility of an epidemiological survey of 
test veterans to determine the incidence of 
morbidity. VA’s deliberations are being 
overseen by Congress’s Office of Techno- 
logy Assessment (OTA), which will short- 
ly publish a feasibility study on the survey. 
According to Michael Gough of OTA, the 
Defense Nuclear Agency’s dose estimates 
are likely to be challenged by veterans’ 
representatives, so the question boils down 
to by how much the dose estimates must 
be wrong for detectable excess cancers to 
occur. Whatever OTA recommends, 
however, the final decision on the epidemi- 
ological survey will rest with VA, which 
may well decide to proceed with the study 
in order to silence criticism. 

Tim Beardsley 





Environment 


Japanese move to save forests 


Tokyo 

A GROUP consisting largely of academics 
has formed in Japan, the world’s first 
society for the promotion of ‘‘Green 
Civilization", which it is hoped will grow 
into an international organization. Founder 
members include Kenichi Fukui, Nobel 
prize-winner in chemistry, and Mostafa 
Tolba, secretary-general of the United Na- 
tions Environment Program. 

The organization has been set up large- 
ly because of concern over increasing defor- 
estation and desertification of the Earth 
through poor agricultural practices and in- 
dustrial pollution. The move is significant 
in that Japanese companies have been 
heavily involved in the destruction of 
tropical rain forest in South-East Asia. In- 
deed, the nation was dubbed an ‘‘ecological 
menace” in a report adopted last month by 
the environment commission of the Euro- 
pean Communities for ‘‘pillaging natural 
resources in the most irresponsible way 
possible, and ravaging tropical rain forests 
for hard woods". 

During Japan's ''high-growth" phase, 
huge trácts of land were stripped of all 
vegetation in many parts of South-East 
Asia to provide building materials and pulp 
for Japan; although direct involvement by 
Japanese companies in the worst of these 
practices has now lessened, the amount of 
tropical forest lost each year has increased 
and Japan remains the major Asian 
market. The Green Civilization Society says 
it intends to try to put the ecological point 
of view over to industrial companies involv- 





ed in logging but it is clearly not about to 
become a grass roots politica] pressure 
group. 

Unlike Friends of the Earth, much of 
whose ideology it appears to share, the 
Green Civilization Society is to be a more 
academic body. It is believed that by 
building an interdisciplinary academic 
movement — for example of ecologists, 
biotechnologists and forestry researchers — 
more rational and less destructive means of 
forest management could be found that 
could be incorporated into recommenda- 
tions to the government. Within Japan 
itself, forestry is regulated by laws devised 
in the nineteenth century which were meant 
to provide a balance between exploitation 
and regeneration of the forest. These laws 
are no longer effective but will only be 
changed, Green Civilization members say, 
by a joint effort between ecologists, 
forestry researchers and lawyers. 

The society has now around a hundred 
members, most of them drawn from the 
universities. At the inaugural meeting last 
week, Seiji Kaya, former president of the 
Tokyo University, was elected chairman 
and Michio Tsutsui, professor of forestry 
at Tokyo University, vice-chairman. So far, 
funds are being raised mainly from indivi- 
duals, with some contributions from in- 
dustry. One hope is that enough money can 
be raised to provide a ‘‘Green Nobel 
Prize". The establishment of the new group 
coincides with the designation of this year 
as International Forestation Year by the 
United Nations. Alun Anderson 
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Japanese tokamak 
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NEWS— 


Plasma now in production 


Tokyo 
PLASMA wás ‘successfully produced in 
Japan's giant JT-60 tokamak fusion 
machine: for the first time last week. 
Although this milestone has long since been 
passed by both of JT-60’s competitors — 
the Tokamak Fusion Test Reactor (TFTR) 
.at Princeton in the United States and the 
Joint European Torus-(JET) at Culham in 
England — any of.the three might be first 
sometime around: 1987 to reach the im- 
mediate goal of break-even. 

JT-60 scientists were clearly very pleas- 
ed at how smoothly, the tókamak had run. 
Operation began in-April and produced 
plasma exactly as expected almost im- 
mediately. The machine was then run in a 
discharge cleaning mode to remove im- 
purities from the inner sides of the vacuum 
chamber and shut dówn for the installation 


of diagnostic apparatus which will be used, 


to monitor plasma parameters іп the next 
phase of development. 
. In the first test run, ohmic heating alone 
was used and temperatures in the 100- 
200,000°C range achieved for around 80 
milliseconds — a long way from the 100 
million degrees and 1-second confinement 
needed to achieve the break-even condition 
when the reactor produces as much energy 
as it consumes. But-to achieve that goal, 
JT-60 will not be following quite the same 
route as either ТЕТЕ or JET. ` 
Unlike either of its competitors; JT-60 
will use radio-frequency waves tó, drive cur- 
rent in the plasma. In the other designs, 
currents are induced to flow in the plasma 
` by а set of coils around the tokamak that 
act as tlie primary winding of a d.c. trans- 
former — the plasma itself-acts as the 
secondary winding. But-such a system 
allows only pulses of current to be produc- 
ed, for in a d.c. transformer the current in 
the primary would have to increase inde- 
finitely to continue:to drive current in the 
secondary, a clearly impossible condition. 
Driving the current by radio-frequency 
waves, however, allows operation to con- 
tinue as long as needed as electrons аге 
pushed along. the magnetic field by transfer 
of the waves’ momentum. 
. The JT-60 team is also proud of the 
"neutral beam injector equipment that will 
be used to heat the plasma i in the future. 


All three tokamaks are using neutral beams - 


but, according to Masaji Yoshikawa, direc- 
tor of Large Tokamak Research at JT- 60, 
the Japanese designs are at least a year 
ahead of the others in their technical 
development. ' 

JT-60 also incorporates a unique method 
of dealing with impurities — metal atoms 
or gas molecules that may be knocked out 
of.the tokamak inner wall by the plasma 

— in it$ magnetic limiter or divertor, and 
if it works as predicted, will provide a 
crucial advance towards practical fusion. 
Thé idea is to give the plasma in the 





tokamak a figure of eight, rather than cir- 
cular, cross-section,.and to keep impurities 
away from the main body of the plasma in 
the upper “‘circle’’ of the figure of eight. 

JT-60 is now expected to be run until the 
end of June with ohmic heating and then 


-shut down for six months while both 
neutral beam and radio-frequency heating. 
systems are installed. Next year, power will' 


be put into the plasma from all the systems 
and, if all goes well, break-even will be 


reached in the winter of 1987. 


All these experiments are to be run with 
a hydrogen-deuterium plasma; there is no 
intention to switch to the deuterium-tritium 


Hungarian education . 


New law spawns 


HUNGARY's new education law, passed 
last month, lays special stress on the unity 


` of education and research, and the need to 


provide more flexible forms of post- 
university training,’ according to the 
Minister of Education and Culture, Mr 


‚ Bela Koepeczi. Presenting the bill to the 
National Assembly (Parliament), Koepec- : 


zi said that although it is not the task of 
the law to lay down specific conditions for 


. higher and postgraduate education, the new 


law makes it clear that the provision of pro- 
per material conditions in the education 
sector is the duty of the government. And 
the government, һе, assured the assembly, 
has undertaken to continue its investment 
in the reconstruction of the universities and 
to improve the supply of equipment and 


Other necessities for university-based 


research, 

The new law, which replaces the existing 
legislation of 1961, covers the whole'edu- 
cational process from kindergarten to post- 
graduate and is intended not as a radical 
reform but ás a gradual process of develop- 
ment, Koepeczi explained. The prospect of 
new legislation, however, triggered a debate 
in the universities on academic autonomy, 
and, in particular, the allocation of senior 
appointments. A number of academics, 
Koepeczi said, have gone so far as to press 
for **decentralization"". This term is at pre- 
sent.used in Hungarian political circles to 
mean the reform of 1982, by which in- 
dustrial enterprises elect their own 
managers (choosing from at least two can- 
didates). In other words, these scholars ad- 
vocate that the universities should be allow- 
ed to elect their own rectors and senior 
administrators. 

This, Koepeczi says, is not a true 

"*materialization of democracy” since the 
appointments in question are the concern 
not only of the institutions individually, but 
also of the wider scientific and professional 
community. Although, therefore, the new 
law gives the universities considerably miore 
control over syllabuses, teaching methods 














plasma that would be used in a commercial 
reactor and will be the subject of second- 
stage experiments for both TFTR and JET. 
Neutrons produced in the latter reaction are 
very energetic and make the whole 
tokamak radioactive; expensive and dif- 
ficult remote handling techniques thus be- 
come essential. 

The Japanese are leaving this stage to 
their next reactor, the fusion experimental 
reactor, which will follow JT-60. That is, 
rather, if some form of massive interna- 
tional effort does not follow on from the 
three projects now running. Increased costs 
are making the advantages of international 
cooperation more and more obvious and 
recent talks have produced hopes that it 
might eventually take place. 

Alun Anderson 


discontent 


and day-to-day administration, senior ap- 
pointments will still be the concern of the 
government or of the relevant minister. 
“Democratization” will continue to be en- 
sured by the government or minister con- 
sulting with the relevant committees of the 
Hungarian Academy of Sciences, which 
thus serve as a kind of watch-dog for scien- 
tific public opinion. 

Since, in Hungary, members and resear- 
chers from the Academy of Sciences fre- 
quently simultaneously hold university 
posts, the system has so far worked 
reasonably well. The ‘‘decentralization’’ 
lobby, therefore, seems to’ have based its 
stand rather on a matter of principle than 
on the need to reform any current short- 
comings. 

This inevitably evokes the question 
whether the ‘‘decentralizers’’ have not, to 
some extent, been influenced Бу the pre- 
sent endeavours of the Polish universities 
то retain the autonomy won in 1980-1981, 
in which the right of the universities to elect 
their own rectors and deans is one of the 
most burning issues. 

Naturally, Mr Koepeczi made no 
reference to the Polish situation in his ad- 
dress to the National Assembly. The new 
law was presented as a purely Hungarian , 
concern. Nevertheless, on one point at 
least, those responsible for drafting the law 
seem to have had an eye on developments 
in Poland. In drawing up the bill, the 
government, Koepeczi said, considered it 
extremely important to provide a legal 
background to the operation of student 
“self-government bodies"; an issue that 
has so far aroused no great controversy in 
Hungary, but which in Poland is at present 
a major point of confrontation between the 
vast majority of the student body (over 90 
per cent in some universities) and the 
governmental Committee for Social and 
Political Questions which seeks to reduce 
the self-government committees to a mere 
adjunct of the Party youth movement. 

Vera Rich 





CORRESPONDENCE 


The embryo’s right to protection 


Sır — The opponents of all human embryo 
research seem to have shifted ground, from 
the meaningless proposition ‘‘life begins at 
fertilization" to the argument that a 
human embryo is inherently entitled to full 
human rights by dint of genetic uniqueness 
and potential. R. Watson (Nature7 March, 
p. 10) goes so far as to assert that there can 
be ''no objections" to the idea that a 
unique potential individual is created ‘‘at 
fertilization”. 

Leaving aside the difficult questions of 
when fertilization can be said to have oc- 
curred (at sperm penetration, at pronuclear 
formation, or at activation of the paternal 
genome some hours or days later?), and of 
clear differences in potential between em- 
bryos, the assertion does not bear close 
scrutiny. If anything, the beginnings of 
genetic uniqueness occur in the forming 
gametes, during the second meiotic divi- 
sion. Here genetic information is exchang- 
ed between pairs of homologous chromo- 
somes (the chromosomes of the embryo’s 
grandparents, in fact): in the egg this will 
have occurred several hours, and in the 
spermatozoon, several weeks before fertili- 
zation. If the embryo is to be granted 


“rights” on the grounds of genetic unique- f ' 


ness and potential, how can we logically 
withhold similar *'rights"' from the 
gametes? What of the “‘rights’’ of the polar 
bodies, so wantonly cast aside during 
oogenesis, and yet clearly of human origin 
and containing genetic information 
capable, if suitably nurtured and com- 
bined, of potential humanity? One could 
push the argument for *'rights' back still 
further, to parental embryos, when the 
germ cell lineage separates from that of the 
somatic tissues: who can deny that to 
destroy a primordial germ cell prevents it 
from fulfilling its life-transmitting poten- 
tial? 

My purpose is not to argue that. embryo 
research should not be constrained, nor 
that theembryo is worthless. Rather, itisto 
point out, yet again, that the transmission 
of life and of human identity forms a con- 
tinuum, and that there is no point at which 
human potential suddenly jumps into 
existence. Setting such arbitrary points 


may give us the warm glow of moral cer- ` 


tainty, but the exercise is not supported by 

the real complexity of biological systems. 
J.M. CUMMINS 

Reproductive Biology Group, 

Department of Veterinary Anatomy, 

University of Queensland, 

St Lucia, Queensland, 

Australia 4067 


Sır — The legal and moral status of em- 
bryos and the way in which they are handl- 
ed are the subjects of a complicated debate. 
R. Watson (Nature 7 March, p. 10) seeks to 
simplify the topic by referring to a clear 
topological event, fertilization, **at which 
a unique member of our species is 














created”. One problem with such an over- 
simplification is that it may be applied to 
give silly conclusions. А 

І contend that each member of a pair of 
identical twins is a unique member of our 
species, even though both result from one 
fertilization. I believe that it is (and should 
be) illegal to murder one, or to use him or 


ther destructively in medical research. Г 


' reach the decision that it is morally wrong 
to kill a member of a pair of identical twins 
by deciding that each is a separate, think- 
ing, feeling person, and not by some simple 
topological argument about the moment 
when a genome is created. 

Of course one might argue that any 
mitosis (like that which produces identical 
twins) is an event “аі which.a unique po- 
tential member of our species is created", 
since it is probably possible to freeze any 
human diploid cell, await the development 
of practical human cloning by nucleus 
transfer, and make an individual of that 
cell. The killing of single human cells is 
neither legally nor normally the equivalent 
of homicide nor, I contend, should it be. 
This line of argument, too, is an over- 

simplification. 

Whether the benefits of research on em- 
bryos (or of abortions) outweigh the disad- 
vantages of destroying embryos is a com- 


plex and difficult question. We should ad- | 


dress that complex question without look- 
ing for quick and easy definitions of what is 
a person. 


JOE WOLFE ` 


School of Physics, 

University of New South Wales, 

PO Box 1, Kensington, NSW, ; 
Australia 2033 


. . 

Genes and i Mn 
SIR — Summarized briefly, John 
Hartung's hypothesis (Nature 311, 515; 
1984) is that ill health caused by genetic 
factors шау indirectly affect the intelli- 
gence. The principle point of my letter 
(Nature 313, 425; 1985) was to question 
that a priori assumptions that intelligence 
and school attendance are linked and that 
hay fever impairs intellectual performance. 
Both these assumptions may be.true, but 
they are unproven. Since Dr Hartung's 
hypothesis depends directly on the validity 
of these assumptions and since they may be 
tested empirically, it is essential to his 
argument that they should be examined 
experimentally. 

His reply (Nature 314, 398; 1985) deals 
largely with the viscosity of gases. Of 
course he is right that the viscosity of gases 
increases with temperature; һе was wrong 
in his original letter to suggest that 
humidity also increases viscosity. The 
problem is, however, far more complex. 
For instance, the air flow in the nose is 
turbulent and resistance will' therefore 
depend on gas density, being in general 
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terms less in humid air than in dry air. The 
shape of the nose is obviously not wholly 
dependent on climate. This is illustrated by 
the observation that the inhabitants of the 
dry desert regions of North Africa and the 
Middle East, where natural conditions 
provide the most víscous air to be found on 
Earth, are not noted for short noses with: 
wide nostrils. ` 

I agree with Dr Hartung that the search 
for genetic differences that may also affect 
intelligence isa proper subject for scientific 
enquiry. My familial credentials are even 
more extensive than his, since I can claim to 
be the son and nephew of both men and 
women who served in the fight against 
Hitler's Germany. I think, though, that Dr 
Hartung would agree with me that neither 
moral nor political rectitude are genetically 
determined characteristics. The assertion 


‘of familial virtue is no guarantee of the 


value of his opinions or of mine. 
P.M. GAYLARDE 
Royal Free Hospital, ` 
Pond Street, ` 
London NW3 2QG, UK 


Goldfarb’s letter. 


SIR — In your latest article on the Goldfarb 
case (Nature 28 March, p.307), my name is 
mentioned as follows: **During his recent 
conversation with KGB officer Gusev, Dr 
Goldfarb was confronted with a copy of a 
letter he had written to Professor Elie 
Wollman of the Institut Pasteur in Paris, 
supporting the idea of the moratorium.” 
Gusev said that the letter might constitute a 
case of ‘ariti-Soviet propaganda’ and made 
Dr Goldfarb sign a document to that 
effect”. 
I wish to make a few points clear. 

€ [have known David Goldfarb for many 
years, because he was a pioneer in intro- 
ducing bacteriophage and bacterial gene- 





‘ tics research in the Soviet Union. I consider 


‘myself a close friend-of this exceptional 
man, both professionally and personally. 
€ Our correspondence is brief, containing 
only personal news of the usual kind, and 
neither him nor I ever approached in 
writing any subject that could be -inter- 
preted as being controversial in the broad 
sense of the word. 
€ I have received no letter from Goldfarb 
for about a year and was astonished at not 
even getting a Christmas card, although I 
wrote to him at the New. Year. 
9 I never received the letter mentioned in 
your article, There are therefore three 
possibilities: 
(a) such aletter does notexist and has never 
existed;. 
(b) theletter exists and has been diverted by 
the Soviet secret police; $ 
(c) a fake letter has been manufactured. 

Hypothesis (b) seems to me to-be ex- 
cluded for the reasons given above. 

A ELIE WOLLMAN 

Institute Pasteur, ; 
28 Rue du Dr Roux, 
75724 Paris Cedex 15, France 
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Black hole at the galactic centre 


The latest РЫР measurements of the size of the galactic core at centimetre radio-wavelengths 
leave no reasonable escape from the conclusion that there is a black hole at-the centre. 


WE HAD best learn to live with the idea 
"that there is a black hole at the centre of 
our Galaxy. That is the implication of the 

article by K.Y: Lo ef al. on p.124 of this 

issue. Perceptive readers will think the 
paper, which is the culmination of eight 
years of observation of the galactic centre 
with coordinated radiotelescopes separated 
by great distances, is over-modest. Others 
may think it over-cautious. The phrase 

“black hole" appears only once, and then 
as a quotation from an article by Lynden- 
Bell and Rees, who first floated the idea. 

The new development is essentially 

nothing but a more accurate measurement 

of the diameter of the radio source known, 
for the past decade and more,.to be located 
at the galactic centre. The result is startl- 
ing. At the shorter of the two radio-wave- 
lengths (1.35 cm) at which measurements 
have been made, the angular diameter of 

the source is merely 0.002 second of arc (2.1 
milli-arc seconds), which at the distance of 
the galactic centre corresponds to a physical 
diameter of about 20 astronomical units, 
the size of the Solar System within the-or- 
bit of Saturn. At the longer wavelength (3.6 
cm), the source at the centre of the Galaxy 
. appears to be shaped like an ellipsoid with 
a long axis lying only 8 degrees away from 
the rotational axis of the Galaxy as a whole. 

The case for supposing that there is a 
black hole at the centre rests almost entirely 
on the difficulty of accounting for such a 
prolific source of radio emission in any 
other way. Lo ef al. argue that the supposi- 
tion that the galactic centre might, be the 
site of a rapid burst of star formation, 
tenable when the limits on the size of the 
central source, were more than a hundred 
times greater than they have now become, 
plainly cannot be accommodated within a 
region no bigger than the orbit of Saturn. 
A stellar system which is a powerful source 
of radio emission might fill the bill, but on- 
ly artificially; such systems are short-lived 
compared with the lifetime of the Galaxy. 
Black holes, on the other hand, endure 
(unless they are very small compared with 
the masses of typical stars) and even grow 
more massive with the passage of time. By 
default, the presence of a black hole at the 
galactic centre emerges as the simplest ex- 
planation of the new observation. 

But is it not disconcerting that such an 
important and interesting conclusion 
should rest on such a negative argument? 
That is a natural but not a particularly 
pointed question. Black holes as such are 
by their nature invisible, although that does 








not apply to whatever matter may be dragg- 
ed by gravitation into such an entity. Cap- 
tured material, whatever its chemical com- 
position, will be unspecifically ionized and 
will yield synchrotron radiation if there are 
magnetic fields to play with. Visible radia- 
tion will however be absorbed (or converted 
into low-frequency radiation) by the 
molecular and dust clouds lying around the 
galactic centre. Infrared observations are 
also limited in this way, as well as by the 
mismatch between the resolution of the 
telescopes for the time being available and 
the angular diameter of the source. This is 
why long-baseline radio-interferometry is, 
for the time being, the best hope'for an 
unambiguous description of the object at 
the galactic centre. _ 

In the circumstances, the temperature of 
the source estimated by Lo ef a/. means 
very little, for the radiation distribution is 
clearly very different from that of a black 
body. But the temperature (100 million K) 
is an accurate measure of the intensity of 
the radio-emission from the central object 
and its surroundings. The variation of the 
apparent angular size of the object with the 
wavelength of observation is surprisingly 
tidy — a simple proportionality to the 
square of the wavelength. The interaction 
of radiation with electrons is implicated in 
some way, but just what form this takes 
will depend; Lo et а/. say, on the construc- 
tion ofa brightness map for the source. 

There is little that can at present be said 
about the mass of the black hole at the cen- 


'tre of the Galaxy, and indeed a mere 


measurement of the geometrical size of the 
region from.which radiation is emitted can 
be neither here nor there. But 
measurements such as have been attemp- 
ted in the past few years of the motion of 
objects, stars and clouds in the 
neighbourhóód of the centre should even- 
tually help to define the mass of the object. 
As things are, systematic studies of the 
velocity distribution of nearby objects are 
inconclusive and open to conflicting inter- 
pretations. But presumably it is a matter 
of time spent on observations before 
something can be said about the variation 
with distance of angular velocities of near- 
by objects about the centre of the Galaxy, 
from which it should be possible to infer 
what mass there is at the centre. 
Meanwhile, studies of this kind are for 
some time likely to be more profitable when 
applied to other galaxies than this. So müch 
should be clear from the account two weeks 
ago by C.M. Gaskell (Nature 314, 672; 











1985) of the recent demonstration by J.L. 
Tonry that there is a black hole at the cen- 
tre of the dwarf galaxy M32, a satellite of 
M31 (Andromeda). The technique is to 
determine the non-radial velocity of cen- 
tral objects as a function of radial distance 
from the centre, which should be a measure 
of the mass lying within that distance. 
Gaskell explained some of the pitfalls in 
this process, and in particular the failure 
by these mearis to demonstrate the presence’ 
of a black hole in M87. 

The implications of these developments 
for the present understanding of galactic 
evolution are clearly important. Any 
zalaxy, if left alone, should eventually col- 
lapse under its own weight after several 
repetitions of the cycle of stellar nuclear 
synthesis. So there should be no surprise 
that the end point of galactic evolution 
should often be a black hole, one whose 
mass is not very different from that of the 


‘original galaxy. That black holes begin for- 


ming (at least in M32 and in this Galaxy) 
is not surprising either, but it is helpful that 
at least two cases of this phenomenon are 
now known. To generalize from two cases, 
one an elliptical galaxy (M32) and one a 
spiral (this), may seem rash, but it would 
be no great upset for the applecart if most 
galaxies turn out to have a black hole at 
the centre. 

- As is now generally understood, this 
seems to be the case for active galaxies, 
quasars spectacularly but other active 
galaxies such as Seyfert galaxies as well. But 
it remains to be told whether the difference 
between such a galaxy and this, where the 
central black hole is only a modest source 
of radiation, lies simply in the amount of 
material accessible to the central attracting 
source or whether there is something extra 
special about quasars and similar galaxies. 
The importance of answering that question 
is that it will decide whether quasars are ex- 
ceptional galaxies rather than ordinary 
galaxies in a particular (and brief) stage in 
their evolution. 

Meanwhile, this development has no im- 
mediate bearing on the grander cosmolo- 
gical question of whether there is enough 
hidden mass to close the Universe, or even- 
tually bring the present expansion to a halt. 
The mass of the black hole in M32 is esti- 
mated at 5 million solar masses, a tiny frac- 
tion of the whole. The black hole at the ` 
centre of this Galaxy, whatever its mass, 
is unlikely to be much bigger. So the miss- 
ing mass that matters must still be sought 
elsewhere. John Maddox 
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Neurobiology 


NEWS AND VIEWS 


Why flying locusts do not crash 


from Jonathan Bacon 


Locusts manage to remain aloft for long | 


periods while avoiding crashing into 
obstacles, their companions in the swarm, 
or the ground. Studying how they achieve 
this has kept some biologists busy for 
almost 40 years but only comparatively 
recently has the technology been available 
to examine the neuronal interactions that 
control these manoeuvres. Intracellular 
recordings can now be obtained from 
restrained locusts that still produce the 
motor rhythm of flight. A paper on page 
142 of this issue’ describes how sensory in- 
terneurones that convey information about 
flight-course deviation interact with the 
neurones of the flight motor to mediate 
steering responses. | 

When a locust is attached to a support 
so that the legs do not contact the ground, 
it will ‘fly’ for as long as a windstream is 
blown on its head?. The early observations 
were made in the Sherringtonian climate of 
the time, when it was thought that sensory 
input was needed to stimulate each reflex 
burst of motor activity. In terms of the 
locust flight motor, this implies that each 
beat of'the wing would produce the, 
necessary feedback to stimulaté the next: 
wing beat. In 1961, D.M. Wilson perfor- 
med one of the classical experiments that 
was to change this way of thinking’. By 
systematically removing the wings, the top 
half of the thorax, the abdomen and even 
the head, he showed that what remained 
of the nervous system (the thoracic nerve 
centres, or ganglia that contain the flight 
motor neurones) was still able to produce 
a burst of motor activity in response to a 
puff of wind or an electric shock, although 
no rhythmic sensory feedback remained. 
This demonstrated irrefutably that the 
animal can produce a patterned motor 
output in the absence of patterned sensory 
input and established the locust flight 
motor as a classical example of a central 
pattern generator (CPG). 

Although sensory inputs are patently 
not required for the locust flight CPG to 
function in the laboratory, they are 
necessary in proper flight where turbulence 
is encountered and the ground and other 
obstacles are to be avoided. Two sensory 
cues that help the animal to fly a straight, 
level course are wind direction and the posi- 
tion of the horizon. Wind direction is 
monitored by banks of tiny hairs on the 
head, which the animal uses to determine 
the attitude of its flying body with respect 
to the air mass. By constantly making tiny 
adjustments to its direction of flight 
through changes in wing stroke, the animal 
strives to maintain a symmetrical air flow 
over its head?^, 

Apparent changes in the slope of the 
horizon are detected by the large compound 














eyes and the ocelli, simple light-detecting 
organs on the head. If the horizon suddenly 
moves upwards in the animals field of 
view, the wing beats are modified to cor- 
rect the dive. Similarly, L.J. Goodman 
reported that when the horizon appears to 
slope to the right, the wing beats are ad- 
justed until the. horizon again appears 
horizontal’. The horizon stimulus is very 
powerful — a locust flying in a device that 


-allows it to rotate freely about its longi- 


tudinal axis can be made to fly upside down 
by inverting the artificial horizon. 
Clearly, if the neurones of the thoracic 
ganglia responsible for producing the cor- 
rectional changes in the motor output to 
the wings are to react swiftly to deviations 
in the flight path, they must be constantly 
appraised of, among other things, wind 


direction and horizon position. Several des- 


cending sensory interneurones that run 
from the head ganglion to the thoracic 
ganglia are candidates for the fast sensory 
pathways$?. Early attempts to investigate 
the cellular basis of steering behaviour 
sought an explanation in terms of direct 
connections between these descending 
interneurones and flight motor neurones, 
but the synaptic potentials recorded in the 
motor neurones are very small (and vari- 
able) in relation to the massive membrane 
potential oscillations seen in flight motor 
neurones in real flight®. Although direct 
synaptic connections between descending 
interneurones and flight motor neurones 
certainly exist, they are probably too puny 
to mediate the rapid steering responses. 

Progress in analysing the steering reac- 
tions was hampered because the flight 
motor neurones were the only components 
of the neural network in the thoracic 
ganglia that could be identified with cer- 
tainty. Because sensory neurones are easy 
to stimulate and muscles easy to record, 
most workers concentrated on the sensory 
influences on the flight motor rather than 
on the working of the motor itself. This 
contrasts with'work on locomotor patterns 
in soft-bodied invertebrates, such as the 
leech and the mollusc, where the sensory 
apparatus is difficult to stimulate precisely 
and muscles are more difficult to record but 
the central neurones of the CPG are easy 
to see and impale. 

Further progress could not be made un- 


less the rhythmically active elements of the- 
flight CPG, the cells that must have been - 


active in Wilson's original deafferented 
preparation?, could be monitored directly. 
The breakthrough came when R.M. 
Robertson and K.G. Pearson developed a 
physiological preparation in which 
intracellular recordings from’ thoracic 
interneurones could be obtained during a 
burst of activity in the flight CPG?. With 








much painstaking probing of the neuropile, 
they have identified sets of interneurones 
that show rhythmic activity at different 
phases of the flight cycle, of which some 
are premotor and some receive sensory 
inputs!?. A third type belongs to the flight 
CPG — current injected into such a cell will 
reset the whole flight rhythm!®. Though 
much work remains to be done, it seems 
that a description of the neuronal inter- 
actions producing the locust flight CPG is 
likely to emerge from studying the synaptic 
interactions between some of these thoracic 
interneurones!!. i 

Reichert et al. have now modified this 
preparation for investigating the neuronal 
control of flight steering). They provide, 
the locust. with. а combined horizon and 
wind stimulus that can be moved to 
simulate the pitches, rolls and yaws that the 
animal would experience in flight. The 
authors reliably identify three pairs of 
descending interneurones that convey sen- 
sory information from the head to the 
flight circuits of the thoracic ganglia. Each 
neurone responds to different combina- 
tions of wind and visual stimuli with 
an output that has specific directional 


| characteristics, termed by the authors the 


“emergent modality” of the neurone. 

Even more interesting is the interaction 
of the output from these deviation detec- 
tor neurones with thoracic flight neurones. 
Essentially, Reichert and his colleagues 
have repeated Goodman’s experiment 
but with intracellular monitoring of inter-_ 
neuronal activity. If the animal could break 
free of the pins holding it stable for in- 
tracellular recording, the changes in flight 
motor output would enable it to correct for 
the movement of the horizon stimulus. 

The descending neurones make only 
direct connections with flight interneurones 
but these have strong inputs to a 
rhythmically active set of thoracic in- 
terneurones. This set also receives a large 
input from the flight CPG and is presynap- 
tic to flight motorneurones. They therefore 
effectively act to gate the tonic output of 
the descending sensory interneurones, so 
that it is transformed into a phasic input 
to the flight motor. ч 

Although this newly described mech- 
anism is important because it ensures that 
the signals from the deviation, detectors are 
delivered to the relevant motor neurones 
only in their active phase, it is not certain 
that the information conveyed by the devia- 


tion detectors is ‘‘intrinsically phase in- 
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dependent” in real flight. At least one pair 
of wind-sensitive interneurones in the locust 
is known to be phasically active in flight 
because the animal's own wing move- 
ments inevitably produce phasic wind tur- 
bulences around the head'?, Since the 
three deviation detectors are also wind sen- 
sitive, they too may well be modulated at 
the flight frequency and so the information 
they carry about horizon movement would 
already be phasically modulated. However, 
this modulation would be lost in a fixed 
preparation. 

While work on this kind of preparation 
is the only way to make progress in under- 
standing flight stabilization behaviour, it 
does suffer the limitations inherent in 1т- 
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mobilizing an animal to study locomotor 
behaviour. Inevitably, the feedback from 
the environment is very reduced or com- 
pletely missing. Any study in neuro- 
ethology is bound to be an exercise in com- 
promise because intracellular recordings 
cannot be made in freely behaving animals 
and intracellular prepartions cannot 
freely behave. Nevertheless, this work on 
restrained flying preparations is an impor- 
tant step in understanding the neural cir- 
cuitry that converts sensory signals to 
motor output. п 


Jonathan Bacon ts in the Genetics and Develop- 
ment Group in the School af Biological Sciences, 


University of Sussex, Brighton BNI 9ON, UK. 





Superconductors 


Induction of superconductivity 
by applied magnetic fields 


Jrom M. Brian Meple 


PHYSICISTS have been fascinated with the 
interplay between superconductivity and 
magnetism for nearly three decades, dur- 
ing which period many new and interest- 
ing phenomena have been reported (see 
ref. 1). One of the latest, reported by H.W. 
Meul and colleagues?, is the induction by 
a high magnetic field of superconductivity in 
europium-containing metallic compounds 
of the type Eu,Sn, .,Mo,S, where x 
ranges from 0.7 to 0.8. This is a remark- 
able observation in view of the fact that 
applied magnetic fields generally destroy 
superconductivity. It is perhaps equally re- 
markable that the mechanism apparently 
inducing the superconductivity, and known 
as the exchange field compensation effect, 
was originally suggested more than twenty 
years ago by V. Jaccarino and M. Peter’, 

Despite previous indications of S-N-S-N 
(S, superconducting; N, normal) behaviour 
in related compounds in high magnetic 
fields*^, it has not been possible to 
establish the occurrence of magnetic field- 
induced superconductivity (MFIS) because 
of the rather broad transitions encountered. 
Meul ef al. overcame this problem when 
they found that the addition of small 
amounts of Br or Se to the compounds 
sharpens the transitions. At the same time, 
they adjusted the superconducting transi- 
tion temperature, 7., to within the narrow 
range of values required to observe MFIS, 
which was measured in terms of the elec- 
trical resistance, R, which has a finite value 
in the normal state and vanishes in the 
superconducting state. The inset in Fig. 1 
Shows normalized electrical resistance 
(К/К) versus applied magnetic field (Н) 
at several temperatures for one of these 
compounds — Eu, з;$по 4,Mo,S; ›8@ в. 
The data at the lowest temperature (0.37 
K) clearly reveal a succession of transitions 
with increasing magnetic field — from 
superconducting to normal, to supercon- 


ducting again, and finally, back to normal 
(S-N-S-N). From a series of measure- 
ments of R/Ry versus H at various tem- 
peratures, a phase diagram in the H-T 
plane was constructed (Fig. 1); two separate 
domains of superconductivity are found, 
one at low fields and another at high fields, 
whereas in a conventional superconductor 
only one domain of superconductivity at 
low fields is present. 

In order to understand the sequence 
of superconducting to normal transitions 
observed, the nature of the superconduc- 
ting material must be considered. The Eu, 
Sn, „Мос; compounds are type II super- 
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Fig. 1 H-T phase diagram (after ref. 2) The sym- 
bols S and N denote superconducting and nor- 
mal regions, respectively. The solid circles repre- 
sent the H, measurements of Meul et а/.2, the 
solid lines are the boundaries predicted by theory. 
Normalized electrical resistance, R/Ry, versus 
applied magnetic field data at several temp- 
eratures are shown in the inset. 


conductors and hence an applied magnetic 
field can penetrate into their intenor pro- 
vided it is between the lower critical field 
value Н. and the upper critical field value 
Ha; above which superconductivity is de- 
stroyed. Under normal circumstances, the 
value of Ha would be comparable with 
the paramagnetic limiting field value Н. 
However, the Eu,Sn,_,.Mo,S, compounds 
have magnetic moments associated with the 
divalent europium ions. Coupling between 
these magnetic moments and the conduc- 
tion electron spins generates an ‘effective’ 
magnetic field, called the exchange field 
Ну, that acts on the conduction electron 
spins in the same manner as an applied 
magnetic field. 

If the sign of the coupling between the 


' Eu magnetic moments and the conduction 


electron spins 1s negative, the direction of 
Н will be opposite to that of H;, that is, 
the effect of H, will be 'compensated' by 
H (see inset to Fig. 2). The net magnetic 
field H is then given by Ну = H — [Hj]. 
The sequence of S-N-S-N transitions 
shown in the inset to Fig. 1 can be explain- 
ed in terms of the relationship between Hy 
and H, as illustrated schematically in Fig. 
2. The upper and lower curves show the ap- 
plied field Н and the exchange field Н, 
respectively. Summation of these yields the 
net magnetic field Hy, and it is the varia- 
tion in this with respect to the value of H, 
that determines the superconducting behav- 
iour of the material. 

In zero applied field, the compound is 
superconducting. As the applied magnetic 
field is increased, the Eu magnetic moments 
become aligned in the direction of the field 
at a relatively low H-value and | А | at- 
tains its maximum value | H,™"| of 30-50 
tesla. Consequently, provided |Н, | is 
greater than H,, the magnitude of Hr 
(which is now negative) can become larger 
than H, and drive the material into the 
normal state. As the applied magnetic field 
is increased further, the net magnetic field 
starts to decrease in magnitude, until its 
magnitude falls below Н, when the com- 
pound once more becomes superconduc- 
ting. Thereafter, Hy increases linearly with 
H, vanishing and then changing sign at H 
= |H," | where H; 1s completely com- 
pensated, until Hz (now positive) exceeds 
H,, when the system once again becomes 
normal. Because the value of the exchange 
field can be rather large, the compensation 
effect can take place at very high magnetic 
fields. 

In actuality, the second transition from 
superconductivity to normal state will also 
occur if Н surpasses the orbital critical field 
Нє, of the compound. Thus, in order to 
observe MFIS, it is important that H*;, 
which can also limit the value of the upper 
critical field Н, is large enough to allow 
superconductivity to occur in this magnetic 
field range (that is, H%, > | Нут | — Hj), 
since the orbital effects are not compen- 
sated by the Jaccarino-Peter mechanism. 
The compensation of the exchange field 
by the applied magnetic field in several 


96 











Fig. 2 Schematic diagram of the S-N-S-N tran- 
sition sequence in an applied magnetic field 
Н. Ну is the net magnetic field acting on the 
conduction electron spins, Hj is the exchange 
field produced by the Eu magnetic moments, and 
H, is the paramagnetic limiting field. The 
material is superconducting (S) when | Hz | « H, 
and normal (N) when | Hy > Hy 





Eu,M,,Mo;S, systems (where M is a 
metal such as tin, lead, lanthanum? or 
ytterbium®) and in EuMo,S, under pres- 
sure?, had been inferred from an enhance- 
ment and anomalous temperature 
dependence of H,, in these materials. In- 
dependent evidence for a negative coupl- 
ing between the Eu magnetic moments and 
the conduction electron spins has emerged 
from the nuclear magnetic resonance and 
Mossbauer studies of Fradin et а/.!0, elec- 
tron paramagnetic resonance measure- 
ments by Odermatt!! and the band struc- 
ture calculations of Freeman and Jarl- 
borg?. The phenomenon of MFIS was thus 
anticipated, but samples of the necessary 
high quality, in which the candidates for 
MFIS were satisfied, have not been avail- 
able until the present study by Meul er a/?. 

Following the initial suggestion by Jac- 
carino and Peter that MFIS could occur in 
a ferromagnet due to exchange field com- 
pensation, several theoretical investigations 
of MFIS in paramagnetic systems were 
carried out! 5, One model, based on the 
theory of type II superconductivity includ- 
ing the effect of the exchange field!^, was 
used by Meul et al. to analyse their Ha(T) 
measurements on the Eu,Sn;.,MojS, 
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system. The calculated boundaries of the 
two superconducting domains observed for 
the compound Eu, ;;Sn, ;;Moj4$; 2 Seg g are 
indicated by the solid lines in Fig. 1 where 
the parameters of the theory (see ref. 2) 
bave been adjusted to give the best fit to 
the data. The excellent description of the 
H-T superconducting phase boundaries 
shown in Fig. 1 within the context of the 
Jaccarino-Peter compensation mechanism 
can be regarded as singularly impressive. 
However, several important issues remain 
to be resolved before a complete understan- 
ding of this phenomenon can be attained. 
The behaviour of the superconducting 
energy gap and the flux-line lattice should 
be characterized, and the thermodynamic 
order of the magnetic field-induced tran- 





sition needs to be estalished. It would, of 
course, be interesting to observe MFIS in 
other materials; preliminary evidence in- 
dicates that it may occur in the Eu,Ho,., 
Mo,S, system!®, 

Twenty-two years after its prediction by 
Jaccarino and Peter, MFIS due to the ex- 
change field compensation effect seems to 
have been verified by Meul ef al. on a 
paramagnetic system. But Jaccarino and 
Peter originally suggested MFIS in a weakly 
ferromagnetic material, assuming that it 
would be superconducting in the absence 
of ferromagnetic ordering. MFIS in a 
ferromagnet remains to be discovered. O 
M. Brian Maple is in the Physics Department, 


University of Cahfornia, San Diego, La Jolla, 
California 92093, 'USA. 





Hybrid oncogenes 


A multi-purpose tool for 
studying multi-step processes 


from Peter W. J. Rigby 


INTRODUCTION of exogenous DNA into 
the mouse germ line is a well-established 
technique that has been applied to many 
biological problems. Most previous work 
has concentrated on the analysis of DNA 
sequences that mediate tissue- and cell-type- 
specific gene expression!"", but more com- 
plex biological phenomena can also be 
studied using this method®, Insertion of 
oncogenes, of either viral or cellular origin, 
into the germ line provides an in vivo 
system in which the mechanism of 
tumorigenesis can be analysed and is also 
likely to facilitate the study of develop- 
ment, differentation and cellular interac- 
tion. The paper by D. Hanahan on page 
115 of this issue!® describes the most in- 
teresting application of this approach so 
far reported. 

Hanahan has constructed hybrid onco- 
genes in which the coding sequences of si- 
mian virus 40 (SV40) large-T antigen — a 
nuclear DNA-binding protein that can 
transform various cell types, including 
primary cells!! — is placed under the con- 
trol of DNA from the upstream region of 
the rat insulin вепе!0. Transfection ex- 
periments using cultured cells have shown 
that this region contains a cell-type-specific 
transcriptional control element that func- 
tions in insulinoma cells but not in 
fibroblasts. Hanahan has used two types 
of construct: in one, the insulin upstream 
sequences are oriented so that the insulin 
promoter drives transcription of the T- 
antigen gene; in the other, the upstream se- 
quences have the reverse orientation and so 
transcription of the viral oncogene cannot 
be driven by the conventional insulin 
promoter. 

Lines of mice carrying each of these con- 
structs in their germ line have been estab- 
lished. The mice develop normally but die 
prematurely at around nine to twelve weeks 








of age; before death their behaviour is nor- 
mal. Immunological studies show that ex- 
pression of large-T antigen is confined to 
the fi-cells of the endocrine pancreas, in- 
dicating that the upstream sequences of the 
insulin gene are sufficient to confer cell- 
type-specific expression in vivo as well as 
in vitro. Proper expression occurs in mice 
carrying either construct; in the case of the 
inverted control region it is not known 
where the messenger RNA initiates. 

Histopathological and immunocyto- 
chemical analyses show that in young mice 
the islets of Langerhans are of normal size 
but that all of the fi-cells express large-T 
antigen whereas the a- and ó-cells, which 
synthesize glucagon and somatostatin, 
respectively, are reduced in number and are 
disordered. With increasing age most of the 
islets become hyperplastic and are com- 
prised almost entirely of B-cells expressing 
large-T antigen. Finally, a small pecentage 
of the hyperplastic islets give rise to well- 
vascularized B-cell tumours which do not 
metastasize. 

Two other groups have recently dev- 
eloped lines of transgenic mice carrying on- 
cogenes. In one study, the oncogene was 
again that encoding SV40 large-T antigen, 
but in this case expression was controlled 
by the virus’s own promoter/enhancer 
region”. The mice develop normally but 
again premature death occurs, mainly as 
the result of tumours in a particular region 
of the brain, the choroid plexus. The other 
group constructed a hybrid oncogene in 
which murine c-myc encoding sequences 
were placed under the control of the pro- 
moter/enhancer in the long terminal repeat 
of the hormone-responsive mouse mam- 
mary tumour virus/. They observed ex- 
pression of the hybrid oncogene in various 
tissues including the mammary gland and, 
most commonly, the salivary gland. In two 
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mary. origin appeared in multiparous 
_ "females at the time of pregnancy. The hor- 
7 топа! induction of expression that occurs 
in.the lactating mammary gland is pre- 
sumably prerequisite for the accumulation 
‘of sufficient levels of the c-myc onco- 
gene product to induce the first step of 
tumorigenesis. 
c^ Although the in vitro experiments that 
- suggest the existence of at least two classes 
‘of oncogene required for the transforma- 
<> Воп of primary cells!!7? have aroused 
< much interest, it is important to extend 
these findings to in vivo studies. Hanahan's 
“results show that SV40 large-T antigen in- 
| duces proliferation of the B-cells and the 
~ subsequent hyperplasia but suggest strongly 
that this is not sufficient to induce a 
tumour, otherwise all the hyperplastic islets 
would progress to tumours!®, Similarly, 

























: mary glands of the mice carrying mammary 
“tumour virus/c-myc oncogene. In these 
situations some second event must be re- 
quired for tumorigenesis. An in vivo system 
іп which the multi-step. nature of 
tumorigenesis can be analysed has thus 
been established. 





In vitro experiments are severely limited | 


by the availability of suitable lines of 
cultured cells and by transfection efficien- 
cies, whereas in vivo experiments allow ex- 
pression of the oncogene to be targeted to 
any cell type for which an appropriate 
transcriptional control sequence is avail- 
able. Large-T antigen could thus be ex- 
pressed in many different cell types to ask 
whether the second event always affects the 
same gene or whether there is cell-type 


.specifity for the subsequent events(s). Con- | 


versely, the insulin upstream region could 

be used to target the expression of other on- 
cogenes to the B-cells to ask, first, whether 
hyperplasia and subsequent tumorigenesis 

-n are induced and, second, whether the 
г. subsequent event(s) is general, or specific 
«to the initiating oncogene. Finally, two or 
more oncogenes could be targeted 






simultaneously to the same cell type. Such | 


studies will greatly advance our -under- 
standing of the multi-step nature of on- 
cogenesis. Equally important, they. will 


enable molecular studies on tumour types | 


for which there is no good in vitro model. 
The system should also make possible the 
study of processes, such as angiogenesis, 
metastasis and immune surveillance, that 
are hard to study in vitro. 

It is curious that the fi-cell tumours seem 
not to induce an immune response. SV40 
itself is an extremely weak carcinogen in 
“mice; tumours arise very rarely and with 
a long latent period?-?, presumably 
“because the small proportion of the large- 
T antigen that is displayed on the surface 
elicits a powerful immune response. 

The severe disorganization of the other 
in the endocrine pancreas induc- 










ines of mice, adenocarcinomas of mam- , 


tumours arise in only a few of the mam- | 
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interacting system will allow studies of the 
mechanisms that normally control the 
orderly growth and behaviour of an organ. 

One further use of this type of study 
derives from the ability of many oncogenes, 
including those discussed here, to ‘immor- 
talize’ cells. Thus, it may be possible to 
establish cell lines derived from all tissues 
of mice carrying such genes in their germ 
line. Indeed, it has already been shown that 
cells can be readily grown from a number 
| of the tissues of the SV40 transgenic mice 

(A.J. Levine, personal communication). 
Such lines have considerable practical use. 
Commercial manufacture of some proteins 
may be limited Бу the inability of com- 
| monly used cell types to perform some 
post-translational modifications. The pro- 
| blem would be overcome if established lines 
iof cells normally making the protein were 
available. N 
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Celestial mechanics 


















Tuis fine example of an orrery, or mechanical model of the Solar System, is one: 
of the early scientific instruments on display in the exhibition “Science and Profit 
in Eighteenth Century London’’ at the Whipple Museum of the History of Science 
in Cambridge until 6th December 1985. Orreries, used to teach the astronomy of the | 
Solar System, were not made to scale but illustrate the relative positions and motions 
of the planets and their moons. This one. made by Geo Adams at Tycho Brahe’s 
Head in Fleet Street, London, is calibrated for the Julian calender, which. dates it | 
before 1752. It includes Saturn with its rings and the five moons found between 1655 
and 1684, but not Uranus, which was discovered only in 1781. Other instruments 
in the exhibition include an altazimuth theodolite, made about 1746, à compound 

























































microscope improved by tilting the limb for extra comfort, and a reflecting telescope 








Circadian rhythms 





тот Kevin Moses and Michael Ashburner 





























NORMAL male fruit flies sing a a courtship 
ong to their prospective mates by vibrating 
their wings. There is a 20-50 ms interval 
between pulses of sound-and the length of 
115 interval itself oscillates with a period 
f 50-60 s. This oscillation is under the con- 
‘ol! of a genetic locus known as period, 
per, which also plays a part in control- 
the rhythm of locomoter activity of the 
. It is. one of seven known genetic loci 
at determine the rhythm of eclosion, that 
emergence from the pupa, in a popula- 
of flies. The per locus was the first of 
seven to be discovered, is still the best 
cterized and has recently yielded to 
cular analysis by two groups, with 
ascinating,. if not altogether consistent, 
ults?. 

netic analysis of circadian rhythms 
Drosophila melanogaster began with 
onopka and Benzer's isolation of muta- 
affecting the eclosion rhythm *. 
tions of per can have a variety of ef- 
on rhythm, which can become shorter 
the normal 24 h — for example, 19 h 
per? flies; or longer — for example, 
п per © flies; or arrhythmic — for ex- 
le, in per ? flies. Similarly, the 50-60 s 
illation in the period between bursts of 
Song in normal male flies is shortened 
40's in per ? flies, lengthened to 80 s in 
rt flies and absent in per flies. 

‘hus, mutant alleles of per affect both 


rhythmic activities. By transplanting brains 
between flies that differ in their genotype 
at the per locus, Handler and Konopka 
have shown that it is the expression of this 
gene in the brain that determines the fly’s 
phenotype’. This suggests that the fly's 
behaviour is continuously affected by the 
pression of the per gene, a conclusion 
pported by studies with a temperature- 
nsitive per " allele (ref.6). The nature of 
the mutations that affect this rhythm is in- 
resting. A complete absence of per func- 
on (as seen іп а homozygous per ~ dele- 
) gives an arrhythmic fly, but a partial 
of function gives a Пу with a long 
€. This is the conclusion from the ob- 
rvation that females that are hemizygous 
rper * have a 25-h cycle. 
For their molecular analysis of per, the 
oups from Rockefeller University? and 
randeis University? have used different 
arting points. The former cloned per by 
















gene, crossing the break points of a dele- 
tion that brought Notch just distal to 
per. From this starting point, they have 
characterized about 90 kilobases (kb) of 
contiguous DNA and by mapping the 
eakpoints of other chromosome aberra- 


jumping from the previously cloned Notch | 


tions to the DNA, have defined the per | 
ocus to а 25-kb interval. On the other 
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hand, the group from Brandeis University 
microdissected polytene chromosomes to 
isolate DNA from band 3B1.2, which con- 
tains per, for cloning. Both groups have 
characterized transcripts in this region and 
have confirmed the cloning of per DNA by 
transformation. 

Within the 25 kb of DNA that must, on 
genetic criteria, include the per locus, sev- 
eral transcripts have been identified. The 
two groups differ somewhat in their inter- 
pretation of the transcription data. Between 
the limits of two deletions that bracket the 
per gene the Brandeis group have found 
four transcripts, and the Rockefeller group 
three. Perhaps the most startling discovery 
by the Brandeis group is that the amount 
of the 0.9-kb transcript varies during the 
day: it is more abundant at 2 pm than 2 
am. Furthermore per ? flies have a greatly 
reduced amount of this transcript. The 
translocation 7(/7;4)JC43 provides an in- 
teresting mutation of per because it acts as 
a per? mutation in eclosion assays but as 
a pert mutation in locomotor-activity 
assays. This translocation has a correspond- 
ingly complex effect on transcripts from the 
per region, abolishing a 4.5-kb transcript, 
reducing the level of 1.1-kb transcript and 


'producing two novel transcripts of 11.5 and 


0.9 kb from the per region, according to 
the Rockefeller group?. The Brandeis 
group also finds two new transcripts (which 
they call 10 and 0.5 kb) and a reduction, 


| 





, but nota complete absence: of the 4, 5-and — 
0.9-kb RNAs. Presumably the 0.9-kb 
Brandeis RNA and l.I-kb Rockefeller 
RNA are the same species. 
Unfortunately, the transformation data 
do not help to define the function of the 
per gene transcripts because the DNA 
used either did not include sequences that. : 
code for the cycling 0.9-kb RNA? or in- ` 
cluded the equivalent DNA but also the . 
DNA that codes for the 4.5- and 1.0-kb 
RNAs?, The ambiguity results from the ` 
fact that all of the transformants remain ``. 
mutant, with longer rhythms than normal. « 
Whether this is due to a failure to obtain. 
correct tissue-specific expression of the in- < 
troduced per DNA, or whether the DNA 
lacks sequences required for normal per 
function, or is due to differences in the 
assay of the per phenotype, is unclear. 
The fact that the two groups disagree as 
to the details of the structure and function 
of per should not detract from «their 
achievements nor from the great interest in 
this gene. It is clear that we are now on the: 


way to-a molecular description of a gene г * 
whose function is required for both circa- .. - 
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Archaeology 


Using isotope chemistry 
to detect prehistoric diets. 


from Glynn LI. Isaac 


WHEN archaeologists seek to reconstruct 
the subsistence systems used by prehistoric 
hunter-gatherers, they face two particularly 
intractable problems. The first is to quan- 
tify the relative importance of plants ver- 
sus animals in ancient diets, and the second 
is that of determining patterns of seasonal 
movements. Studies on bone composition 
| have the potential to solve the second type 
| of problem, as illustrated by the paper of 
Judith Sealey and Nikolaas van der Merw 
on page 138 of this issue!. 

In sites where organic remains are 
relatively well preserved, it is often poss- 
ible, by patient study of the animal bones 
and shells, to rank the relative importance 
of different animal species as a source of 


| food. Sometimes the same can be done for 


carbonized plant remains. However, it is 
seldom possible to gauge the proportions 


of plants and animals relative to one. 


Ё 


another. Similarly, while particular remains 
can sometimes allow archaeologists to say 
that a site was occupied during one season, 
it is often much harder to be sure that the. 
site was not occupied in other seasons. So, ^. 

having found a few sites with complemen- 
tary seasons of apparent occupation, is it- 





safe to link up these observations and — 
infer a patterned seasonal round of move- E 


ments by the occupants? : 

During the 1960s and: 1970s, the. season- 
ality issue was’ dramatized by the writings 
ofa Cambridge school of economic pre- 
historians inspired by Grahame Clark and 
led by the late Eric Higgs. In effect, Higgs 
suggested that the most efficient use of 
many landscapes would. have involved 
sweeping. seasonal movements of. in- ; 
habitants and. livestock. The model w 
(and. is). attractive, Г 
»plicabilit t 
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to be tested? Did hunter-gathers maximize 
their foraging? What effects might the 
packing of several social groups into a land- 
scape have on the feasibility of seasonal 
movements? These are questions of interest 
and importance in archaeological model- 
ling of prehistoric ecology, but in very few 
cases has it been possible to obtain evidence 
to test intuitive answers. 

Fortunately, archaeologists are optimists 
who continue to pursue their enquiries 
Micawber-like, and in the last few years 
they have been rewarded. It has emerged 
that to some extent humans are what they 


eat. Diet affects the composition of bone | 


in various ways and subtle signals, in- 
dicative of various aspects of the sub- 
sistence regime, may be preserved in 
prehistoric skeletons. For instance, in any 
given region the calcium to strontium ratio 
at the time of death can be used to separate 
pure herbivores from pure carnivores and 
to establish a scale of mixed diets?^. In ad- 
dition, the carbon-13 composition of bones 
can serve as a measure of the relative 
dietary contribution of C, and C, plants; 
for example, the spread of maize into the 
woodlands of North America has been 
monitored in that way*5.. Nitrogen iso- 
topes, along with carbon isotopes, are 
providing measures of the relative impor- 
tance of seafoods and legumes in some 
ancient diets??, 

Thus, in recent years, aspects of stable 
- isotope chemistry and human bone biology! 
have become important in studies.of рге-, 
historic subsistence systems, such as that 
reported by Sealy and van der Merwe in 
this issue!. Their investigation took as its 
starting point what must surely rank as one 
of the most sustained and informative ar- 
chaeological studies of regional hunter- 
gatherer subsistence and land-use patterns, 
carried out over some fifteen years by a 
group at Cape Town University led by John 
Parkington!?, It has monitored responses 
that span a sequence of environmental 
change starting 20,000 years ago. Amongst 
other things, Parkington suggests that there 
existed at some stage a strong pattern of 


seasonal .migration of human groups: 


between the coast and an inland range of 
mountains. A series of sites with evidence 
of complementary seasons of occupation 
make the model plausible and attractive. 
But is it correct? — E 

Sealy and van der Merwe report an in- 
genious and painstaking investigation of 
bone composition, which they use to ex- 
plore the question of seasonal movement. 
Extensive measurements of a full range of 
coastal foods show that they have markedly 
different carbon-13 abundances from a full 
range of mountain foods (be they plant or 
animal). From this, it is possible to predict 
the isotope content of bones from people 
on a coastal diet, a mountain diet or the 
mixed diet that would indicate seasonal 
migration between the coast and inland 
mountains. Tested against the predictions, 
the compositions-of bones do not sustain 
the hypothesis of extensive seasonal migra- 








tion of the same people between the two 
habitats. 

Although the results hold out promise 
that bone-composition studies will 
sometimes provide otherwise unavailable 
information about prehistoric ranging pat- 
terns and the use of food from different 
ecozones, the findings in this particular case 


' must be seen as provisional. The samples 


of skeletons from each time period and 
each zone are small and need enlarging, 
Careful alternative modelling of various 
mixed diets will also need to be considered. 
Nevertheless, the patterns seem consistent 
enough to be highly suggestive that, attrac- 
tive though it may have seemed even then, 
spending summer in the Alps and winter 


on the Riviera was not always feasible in 
prehistoric times. : n 
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Meterology 


What limits front formation? 


from K.A. Emanuel 


FOR many yéars, meteorologists and 
oceanographers, were perplexed by the 
tendency of fluid flows to form ‘fronts’, 
or near discontinuities, in such properties 


as temperature, salinity gradients and 


velocity. These fronts, which occur in both 
the atmosphere and oceans, seem to defy 


` the general tendency of turbulent flows to 


smooth out strong gradients of fluid pro- 
perties. Then, in 1972, B.J. Hoskins and 
F.P. Bretherton (J. atmos. Sci. 29, 11; 
1972) developed an attractive theory which 
clearly explained-the dynamics of front for- 
mation and which predicted the formation 
of real discontinuities in density gradients 
and velocity. This presented meteorologists 
with a new problem: why do actual fronts 
consist of zones of strong gradients, spread 
out over horizontal distances on the order 


. of several tens of kilometres, rather than 


of real discontinuities? 

It is natural to suppose that turbulent 
mixing limits the gradients found in real 
fronts and, until recently, it was assumed 
that the mature frontal zone represents a 
balance between the dynamics of front for- 
mation and their dissipation by turbulence. 
Recently, however, I. Orlanski and B.B. 
Ross (J. atmos. Sci. 41, 1669; 1984) have 
suggested that frontal collapse may be at 
least partially limited by processes that do 
not involve turbulent mixing. Their conclu- 
sions stem from the results of numerical 
simulations of atmospheric fronts, making 
use of the full equations that describe the 
conservation. of momentum, heat and 
mass, rather than the approximate forms 
uséd in the Hoskins-Bretherton model. 
` These approximate equations, which can 
sometimes be solved analytically and which 
have proved extremely useful in advancing 


` the conceptual picture of front formation, 


are based on an assumption of cross-front 
geostrophic balance — that is, forces aris- 
ing from pressure gradients across the front 
are assumed to be balanced by Coriolis ac- 


' celerations acting on the component of 








wind parallel to the front. This approxima- 
tion can be shown to be valid during most 
of the time it takes for density gradients to 
collapse but it eventually breaks down near 
the time of formation of discontinuities. 
When this happens, the cross-front pres- 
sure gradient force may be balanced by ac- 
tual particle accelerations across the front 
as well as by Coriolis accelerations. The 
numerical simulations carried out by Orlan- 
ski and Ross seem to show that these ef- 
fects tend to limit rate of front formation, 
at least, and perhaps also the ultimate 
amplitude of the cross-front gradient of 
front-parallel velocity. 

As Orlanski and Ross point out, an ex- 
act interpretation of the numerical simula- 
tions is problematical. It is generally neces- 
sary to represent some turbulent mixing to 
keep the time integration stable, and it is 
not clear what role this diffusion plays in 
limiting the numerically simulated fronts. 
Detailed evaluation of the dynamics of the 
simulated fronts is also hampered by the 
finite horizontal resolution of numerical 
models. (In this case, the horizontal dis- 
tance between grid points is 61.5 km.) 

Finally, it is well known that near dis- 
continuities can form in non-rotating fluids 
in which the balance in the frontal zone 
involves no Coriolis accelerations; taken 


_together with present results this implies 


that, while both purely inertial and purely 
geostrophic fronts are limited by turbulent 
mixing, fronts involving both inertial and 
Coriolis accelerations may be limited by a 
non-diffusive mechanism. 

This non-intuitive idea, if true; presents 
a startingly different view of the dynamics 
of mature fronts in the atmosphere and 
oceans. More work with numerical models 
and better observations of frontal zones 
should help assess its validity. п 


К.А. Emanuel ts at the Center for Meterology 
and Physical Oceanography, Cambridge, 
Massachussetts 02139, USA. 
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Antigenic variation in 
gonococcal pili explained . 


from J.R. Saunders 


ANTIGENIC variation of surface structures 
in pathogens is an important mechanism 
for avoiding host defence mechanisms. 
Neisseria gonorrhoeae, the causative agent 
of gonorrhoea, is well known for its abil- 
ity to exhibit interstrain and intrastrain 
variation in the type of pilus (fimbria) that 
it produces. Pili — hair-like proteinaceous 
structures — are important virulence fac- 
tors in gonococci because they mediate 
adhesion of the bacterium to mucosal sur- 
faces during the initial stages of infection. 
Variability in such exposed surface struc- 
tures goes some way to explaining the suc- 
cess of this bacterium in causing repeated 
infections in humans. On page 156 of this 
issue, Per Hagblom and coworkers have 
shown that pilin, the protein subunit of 
gonococcal pili, consists of constant and 
variable regions with the amino-terminus 
being conserved and the carboxy-terminus 
containing more-or-less variable amino- 
acid sequences!. They propose that anti- 
genic variation in gonococcal pilins can 
be explained by chromosomal rearrange- 
ments that result from intragenic recom- 
bination between a repertoire of cassettes 
of different pilin genes!2. 

Gonococcal pili are composed of iden- 
tical pilin subunits of relative molecular 
mass 18,000-22,000, with apparent relative 
molecular mass and antigenic differences 
depending on the protein strain involved. 
The 53 or so amino acids at the amino- 
terminus of the polypeptide are conserved 
in all pili from N. gonorrhoeae and con- 
stitute a constant region!?. The remaining 
100-110 amino acids that form the 
carboxy-terminus of the protein are variable 
and account for the antigenic diversity 
observed within and between strains. This 
variable region can be divided into two do- 
mains, a semi-variable region that extends 
between amino-acid residues 54 and 114 
and contains many different amino-acid 
substitutions depending on the pilin ex- 
amined, and a hypervariable region that ex- 
tends from residue 115 to the carboxy- 
terminus and contains deletions as well as 
substitutions and insertions of 1-4 amino 
acids in different pilin variants?. Im- 
munological and sequence studies suggest 
that the hypervariable region is itself 
flanked by short (about 10-residue) regions 
of conserved amino-acid sequence that 
centre around the cysteine residues at posi- 
tions 121 and 151 (refs 1,4). Polyclonal 
antibodies raised against purified pili are 
primarily directed at antigenic sites that lie 
within the disulphide loop formed between 
these cysteine residues^. The constant 
region seems to contain a much more 
weakly immunogenic epitope(s) that is 











common to all gonococcal pili. 
Antisera raised against synthetic peptides 


corresponding in sequence to residues 41-50 . 


in the constant region and residues 69-84 
in the semi-variable region of pili from N. 
gonorrhoeae' strain MS11 are effective in 
inhibiting the binding of heterologous 
gonococci to human cell lines^. Іп con- 
trast, monoclonal antibodies directed 
against the variable, type-specific hyper- 
variable domain, but not the conserved do- 
main, are able to block binding of purified 


whole pili from N. gonorrhoeae strain P9- 


to animal cells?. These findings suggest 
that components of both conserved and 
variable regions are involved in binding to 
cell receptors because of the way that the 
mature pilin polypeptide is folded. 
Appropriate synthetic peptides, either 
singly or in combination, might be useful 
as components of vaccines directed against 
gonorrhoeae. Such vaccines would work by 
eliciting antibodies that would prevent ad- 
hesion of the pathogen to the epithelial sur- 
face. The immunodominance of the vari- 
able part of pilin molecules and the many 
immunologically distinct pili that can be 
assembled by just one strain of the gono- 
coccus may compromise such an approach. 

Variability in piliation of N. gonorrhoeae 
involves two distinct genetic phenomena. 
In the first, pilus phase variation, pilin 
genes are reversibly switched on (to pro- 
duce piliated or P* cells) or off (to pro- 
duce non-piliated or P- cells) at a high 
rate. The second process, antigenic varia- 
tion, involves the generation of biochemical 
and antigenic diversity in pilus type and is 
caused by the expression of alternative pilin 
genes. The two processes are probably 
closely linked as the transition between P * 
and P^ states is accompanied by genome 
rearrangements; P- derivatives that 
switch back to the P * state frequently ex- 
press pili that are antigenically distinct 
from those produced by the original P* 
strain!?, 

The ability to alter piliation status by a 
phase change is of great advantage to this 
pathogen because, although they are im- 
portant adhesions for initiating infection, 
the pili might render the organism more 
susceptible to host defence mechanisms 
once access to tissues has been gained. It 
is also not yet clear whether the genetic 
mechanism for antigenic variation requires 
phase variation to the P~ state as an 
obligatory intermediate stage. Pili are ma- 
jor surface antigens in the gonococcus and, 
therefore, frequent changes in their an- 
tigenic nature may assist in avoiding host 
immune responses. Variations in pili may 
also be associated with differential attach- 











ment to, and virulence for, animal cells, 
suggesting that one role of antigenic varia- 
tion is to allow sequential adhesion to dif- 
ferent cell types during natural infection’. 

The chromosome of N. gonorrhoeae 
strain MS11 contains two expression loci, 
pil El and pilE2, involved in production of 
pilus protein and located within about 
26 kilobases of each other on the 
chromosome?. When cells are in a piliated 
state both these genetic loci carry intact 
pilin coding sequences as well as their own 
promoters. Phase variation from P* to 
P- states involves deletion of pilus-coding 
sequences from one or both of the express- 
ing loci?. Deletions in pi/E apparently in- 
volve single or multiple recombination 
events between directly repeated sequences 
that lie within these loci. Interestingly, dele- 
tion in only one pi/E gene can result in 
reduced or no pilus expression despite the 
fact that the remaining gene is apparently 
intact and should be functional. This sug- 
gests that there is a further mechanism 
(possibly a trans-acting activator) for regu- ; 
lating pilus expression that is itself regu- 
lated by the recombinational switching ' 
events. 

It is not yet clear whether pilin sequences 
deleted from pil E are destroyed, as occurs 
in yeast mating-type conversion, or whether 
they are parked in silent, non-expressing 
loci somewhere else on the gonococcal 
genome, as occurs in antigenic variation 

'of surface glycoproteins among certain 

_trypanosomes. Certainly the ability of a 
P- derivative to switch back to producing 
homologous pili suggests that the informa- 
tion necessary to produce a specific pilin. 
is conserved. However, a functional ex- 
pressing gene can be regenerated by recom- 
bination between a deleted pi/E1 and an in- 
tact pilE2 locus. This may be part of the 
reason for the duplication of pilE in the 
gonococcal genome, although maximiz- 
ation of pilus expression and the potential 
to elicit two distinct pilins simultaneously 
may also be involved. ` 

The chromosome of the gonococcus con- 
tains, in addition to the two pilE loci, 
several silent sequences (pi/S loci) that are 
partially homologous to the expressed pilin 
genes but which lack their own pro- 
moters??, One such silent locus, pi/S1, lies 
within about 15 kilobases of pifE1 and con- 
tains sequences that are not colinear with 
the mature pilin coding sequence. 

Sequences corresponding to the variable 
part of pilin are over-represented in pilS 
by about 15-20 times compared with those 
encoding the constant part?. This suggests 
that the silent regions contain information 
necessary for generating antigenic diversity. 
Furthermore, regeneration of intact pilin- 
expressing loci during a P^ to P* phase 
change can be explained by gene- 
conversion events that would result from 
recombination between a pi/S locus and a 
partially deleted pi/E site’. 

What is not yet clear is whether pi/S1 or 
some other more remote silent locus is the 
active donor of DNA sequences corres- 
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ponding to the variable part of pilin. The 
enzymatic mechanism that effects the re- 
quired intragenic recombination events is 
also unknown. It will be interesting to dis- 
cover whether specific enzymes exist for 
this purpose or whether the normal 
generalized recombination system of the 
gonococcus is sufficient. | 
It should be remembered that pili are 
only one component of a complex armoury 
of virulence determinants expressed by the 
gonococcus. One such determinant is prin- 
cipal outer membrane protein II (PII or 
Op), which also undergoes both a phase 
change and antigenic variation. Interest- 
ingly, opa, the structural gene for this pro- 
: tein, is located within 1 kilobase of pil El, 
although the two genes do not seem to be 
coordinately regulated nor are gross 
genome rearrangements involved in the 
modulation of expression. 





The genetic mechanisms used by N. 
gonorrhoeae for alteration of pilus type have 
parallels in other parasites that exhibit anti- 
genic variation and in processes such as the 
generation of immunoglobulin diversity. 
Much of the evolutionary success of this 
pathogen, which has no host other than 
man, may be attributed to its complex 
devices for ensuring variation in its major 
surface antigens. n 
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Polar studies 


History of an Antarctic lake 


from David A. Peel 


DESPITE its immense ice-cap, Antarctica is 
in fact a polar desert where extremes of 
cold and aridity have created several 
unusual features. Since the earliest days of 
exploration, scientists have been fascinated 
by more than 20 ice-free areas or oases, 
which are now known to occur where local 
weather conditions determine that the over- 
all rate of ice sublimation from the surface 
exceeds the annual rate of snowfall. These 
areas are completely free of ice providing 
that local geographical barriers prevent ice 
flow from a neighbouring area where it is 
accumulating. Within these dry regions, 
perennially ice-covered lakes are fairly com- 
mon, but in many cases satisfactory models 
of their histories and physical character- 
istics have yet to be developed. On page 131 
of this issue, Hermichen ef al.' present 
new isotope data from a large freshwater 
lake in East Antarctica and demonstrate 
that the present-day lake is the concentrated 
residue of a body of water originally more 
than 50 times larger. 

The perenially ice-covered lakes of the 
Antarctic show some unusual chemical and 
physical properties’. Normally highly 
saline, although basically of freshwater 
origin, they occur in areas where the mean 
annual air temperature is around minus 
20°C. They are usually covered by a 
relatively thin layer of ice overlying water 
which is at least 20°C, and sometimes up 
to 50°C, warmer than their surroundings. 
As the occurrence of life depends on the 
presence of liquid water, the lakes have 
been a focus of interest for biologists seek- 
ing to understand the adaptation of 
organisms to extremes of temperature’. 
Although the general morphology of the 
lakes has been understood for some time, 
they are individually a result of often 
quite complex histories. 





One basic physical characteristic that has 
a direct bearing on the biological produc- 
tivity of a lake, the thickness of the ice 
cover, has been modelled recently^. It has 
long been known that for lakes that are not 
frozen to the bottom, the ice thickness is 
relatively constant from place to place de- 
spite wide variations in the temperature and 
chemistry of the water. More than two 
decades ago it was suggested? that solar 
heating was probably the main source of 
energy for the Antarctic lakes, with a skin 
of exceptionally transparent ice at the sur- 
face of the lake acting rather like green- 
house glass. Each summer, melt water 
flows into the lakes beneath the ice, bal- 
ancing water lost by evaporation from the 
ice on the surface. Under steady-state con- 
ditions, it has been suggested that each 
winter a thickness of ice freezes onto the 
base of the floating ice, generating latent 
heat which balances the loss of sensible heat 
through the ice cover. 


McKay et al.* have recently developed a | 


simplified model of the energy balance at 
the surface of Antarctic lakes based on 
analysis of annual average heat fluxes. The 
thickness of the ice cover is apparently suf- 
ficient to damp out most of the seasonal 
variations in the fluxes of heat from sources 
and sinks. Using actual measurements of 
solar flux and albedo values from one of 
the best-studied lakes (Lake Vanda, south- 
ern Victoria Land), and direct measure- 
ments of the typical light-transmission 
characteristics of the ice, these authors have 
been able to predict the equilibrium ice 
thickness as a function of the surface ice 
ablation rate. They found that this rate of 
ablation is the prime control of ice 
thickness; measured ablation rates of 
around 30 cm per year lead to predicted 
equilibrium ice thicknesses in the range of 











3-4 m, in good agreement with what is 
observed. Lakes at higher altitudes lie 
closer to the snow line and suffer less abla- 
tion; moreover, the ice is often anchored 
to the bottom and hence the latent heat 
contribution from refreezing melt water 
ceases to be an important factor. In these 
lakes much greater thicknesses of ice can 
be maintained under a given air-tem- 
perature regime. 

Analysis of the stable isotope compos- 
ition of lake waters has proved to be a 
valuable tool in deciphering the evolution 
of present-day water systems. Lake 
Untersee, the subject of the study by Her- 
michen ef al.!, was first probed by a 
Soviet team in 1969. The lake has an area 
of about 10 km? and lies in an region of 
high ablation (about 20 cm per year). 
Refreezing of melt water supplied by the 
adjoining glacier leads to an equilibrium ice 
cover which is 2.5 m thick. It is difficult 
to envisage how such a large volume of 
fresh water could have accumulated under 
present-day climatic conditions (the average 
temperature is roughly minus 20?C). Both 
the stable isotope data and the lack of any 
evidence for modern tritium indicate that 
the water has originated from the melting 
of old glacier ice. In this case, the concen- 
tration of salts in the relatively saline water 
now found can be accounted for if the 
present-day body of water is the residue 
resulting from the evaporation of a volume 
originally more than 50 times larger. The 
new isotope data provide some additional 
support for this idea. The present-day 
water is isotopically lighter than the snow 
that currently falls in the catchment area 
of the lake. Furthermore, the composition 
with respect to the Meteoric Water Line (a 
steady relationship between 6'8O and 6*H 
generally observed in atmospheric 
precipitation, which reflects mainly equilib- 
rium fractionation of the isotopes) is 
displaced in the direction of preferential 
depletion of !*O. Both results can be ex- 
plained satisfactorily if it is assumed that 
the water has been lost from the lake by 
sublimation of ice from the upper surface. 
The isotope composition of the sublimating 
water is then determined by isotope ex- 
change during the freezing of water where 
180) is preferentially deposited. The indica- 
tions are that this process has been pro- 
ceeding more or less continuously since a 
period of warmer climate in the early 
Holocene. There are signs of biological pri- 
mary production in Lake Untersee; future 
studies of organic deposits on the lake bed 
may help to trace the lake’s evolution. O 


1 Hermichen, W D., Kowski, Р & Wand, U Nature 315, 131 
(1985) 
Wilson, AT Antarctic Res Ser 33, 185 (1981) 

. Heywood, R.B in Antarctic Ecology (ed Laws, R M ) Vol 
1, 279 (1984) 
McKay, СР, Clow, GD, Wharton, КА. Jr & Squyres, 
SW Nature 313, 561 (1985) 
Wilson, AT & Wellman, Н W Nature 196, 1171 (1962) 
Мака, N., Kiyosu, Y., Wada, Н & Takimoto, M in Memoirs 
of National Institute of Polar Research No A(ed Тоти, T.) 
30 (1975) » 


a wn 


nw 


David A. Peel ts at the British Antarctic Survey, 


National Environmental Research Council, 
Madingley Road, Cambridge СВЗ ОЕТ, UK. 


102 


Why should plants ре, 
еуегогееп? 


SiR — I read with interest Peter D. 
Moores's article “Му be an evergreen?” 
(Nature 313, 703;1984). One factor refer- 
red to as a possible explanation for leaf 
longevity was leaf fall as a potential steriliz- 
ing agent. It was stated that many 
evergreens grow in impoverished soils. It 
has been argued in the past that plants 
growing in these conditions need to invest 
more heavily in chemical protection 
against phytophagous insects since growth 
on poor soils is slow, increasing 
vulnerability to attack. Many evergreens 
appear to be particularly rich in chemicals 
which defend them from phytophagous in- 
sects (terpenes associated with pine, for ex- 
ample). On theother hand, where growth is 
less costly, the alternative defence against 
phytophagous insects may be simply to sh- 
ed leaves synchronously — that is, to adopt 
the deciduous habit to cleanse the tree an- 
nually of pests. 

This hypothesis is open to an experimen- 
tal test. If an evergreen is fumigated to 
remove phytophagous insects at the same 
time a deciduous species is coming into 
leaf, phytophagous insect population 
growth, measured as insect biomass per 
tree biomass, should be more rapid on the 
latter than the former. A favourable result 
would,however, be indicative rather than 
conclusive support of the hypothesis. 

The hypothesis would be suspect if the 
maximum insect biomass achieved per tree 
biomass were higher on the evergreen. The 
- reverse of this result would be consistent 
with the hypothesis whereas similar max- 
ima would be the least informative out- 
come (although not inconsistent with the 
hypothesis). 

BARRIE PEARSON 
13 Knoll Cottage Residential Park, 
Winfrith, 
Dorset DT2 8LD, UK 


Assessing the risk of 
dioxin exposure 


Str — The health risk of exposure to 
2,3,7,8-tetrachlorodibenzodioxin (dioxin) 
is a subject of considerable international 
interest which has been addressed recently 
in Nature! and Science. As noted many 
times, understanding the nature of risk to 
humans is difficult because of the relative 
lack of information from epidemiological 
studies. Because of this, great emphasis has 
been placed on the results of two papers 
drawing on the mortality experience of 
workers exposed to dioxin at the Monsanto 
chemical plant in Nitro, West Virginia^^. 
As with many occupational health 
studies, there are problems with these 
papers in the definition, and consistency of 
definition, of exposure. Zack and Suskind* 
report nine cancer deaths in the cohort of 
121 workers exposed to tetrachlorodiben- 
zodioxin in a specific trichlorophenol pro- 
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cess accident, occurring in 1949, These nine 
deaths (Table 2 in the paper) give details of 
the individual's year of birth, year of hire 
by Monsanto, year of death and the cause 
of death. In the second paper, by Zack and 
Gaffey, published three years later, there 
are lists of death from cancer amongst 
workers at Monsanto who are described as 
having been exposed to the herbicide 2,4,5- 
T. Workers exposed to 2,4,5-T were also 
exposed to varying concentrations of diox- 
in and were classified on the basis of having 
contracted the sentinel indicator disease 
chloracne. Zack and Gaffey report 25 
deaths from cancer in the controls, workers 
not exposed to 2,4,5-T. This is referred to 
in Tablellofthepaper.  — 

In comparing the two papers, some men 
are listed as exposed to dioxin in one paper, 
but as not exposed in the other. In Table 2 
in the Zack-Suskind paper, four cases are 
described as exposed to dioxin, whereas in 
the Zack-Gaffey paper, Table II reports 
the same four being not exposed (to 2,4,5-T 
and dioxin). Cases 1,2,5 and 7 in the Zack- 
Suskind Table 2 are those listed as being ex- 
posed to dioxin whereas in Table II of the 
Zack-Gaffey study, the same individuals 
are described (lines 6,7,9 and 22 of table) as 
being non-exposed. Judith Zack, an 
author on both papers, has reported that 
these individuals are one and the same. 

In addition; a number of exposed in- 
dividuals may not have been included in the 


“second Monsanto study. In Monsanto 


records, there are some 19 individuals who 
died of circulatory disease or cancer whilst 
in employment at-the company, and who 
meet the criteria for inclusion in the expos- 
ed group. No reason is given for not in- 
cluding these cases. 

Determining exposure in ‘the context of 
the Nitro plant is clearly difficult, since 


conditions may have produced general ex- . 


posure to much of the work\force. Those 
men exposed to the chemical in the 1949 tri- 
chlorophenol process accident are said to 
have been seriously exposed, on the basis of 


developing more severe chloracne, than the 


men exposed to dioxin in the course of 
making 2,4,5-T over several decades at 
Nitro. It may be the case that some of the 
more severe chloracne cases were the 
workers exposed to dioxin in the trichloro- 
phenol process accident. However, there 
was a similar spectrum of chloracne inci- 
dence in both groups according to a study 
in 19537,-Of the 117 cases of chloracne 
determined in 1953'in individuals exposed 
to dioxin as a result of the 1949 accident, 10 
workers had left the company, 80 were said 
to have recovered from the skin disease, 24 
had a mild form of chloracne, and 3 had 


moderately severe disease. In other 


workers exposed during 2,4,5-T 
manufacture, 97 additional cases of 
chloracne were reported as having 


occurred, 51 of these cases wereregardedas |` 


being clear of the disease, 36 were said to 
have a mild form and 3 to have moderately 
severe skin disease. Seven of the 97 men 
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had left the company. Thus the spectrum 


of chloracne in the two groups seems 
similar. Another reason why it is inapprop- 
riate to separate these two exposed groups 
comes from information from a former 
manager of the Nitro plant?. In his 


_ deposition to court, Durland reported that 


some of the same workers were involved 


* both in the clean-up 'after the trichloro- 


phenol reactor accident and.in making 
2,4,5-T. 

It may not be appropriate to classify 
degrees of dioxin exposure solely on the 
basis of chloracne as an indicator of rela- 
tively acute high-dose exposure to certain _ 
chlorinated, hydrocarbons, including’ 
dioxin?. Other health effects '— notably 
serious diseases of long latency, sucli as 

.cancer — may be expected to result from 
lower and morë chronic exposure!™!3, 
Using cne outcome variable to predict 
others is not advisable. Occupational | 
studies usually use work histories, biologi- 
cal monitoring, or environmental measure-. 
ments to determine, or approximate, expo- 
sure of subjects. 

In view of the importance of the 
Monsanto cohort for determining human 
health risks of dioxin,-it is our view that 
data from the company need to be 
reassessed. The total cohort of workers 
exposed to dioxin at Monsanto should be 
considered as a whole without making a 
distinction,.as apparently done by Suskind, 
Zack and Gaffey, between workers 
exposed to dioxin'in the. trichlorophenol 
process accident or when making 2,4,5-T. 

It may be that һе overall number -of 
deaths — from cancer, circulatory disease 
or other causes — is no greater than an 
appropriate control cohort. Data from a 
recent study by Moses et al.!4 on this same 
population suggests that there is an excess 
of cardiovascular-related deaths!’ 

The epidemiological picture at 
Monsanto remains confused. We believe 
that more information will only be 
established by re-examining all of the data, 
and, given international concerns over 
dioxin, that this needs to be done urgently. . 


ALASTAIR HAY 


Department of Chemical Pathology, 
University of Leeds, 
Leeds LS2 9NL, UK, 


ELLENSILBERGELD 


Environmental Defense Fund, 
1525 Eighteenth St. NW, 
-Washington DC 20036, USA 
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Dosage compensation and 
X-chromosome inactivation 
SIR — It is now common practice to use 
the terms dosage compensation and 
X-chromosome inactivation interchange- 
ably. It is argued here that this equation is 
technically incorrect and, more import- 
antly, that it obscures a nontrivial facet of 
mammalian physiology. The proposition is 
that in flies and mammals, dosage compen- 
sation allows males to survive their mono- 
somy for the X chromosome. In mammals, 
X inactivation is then a device that prevents 
females from expressing a tetrasomic level 
of X-chromosome gene product. That is, X 
inactivation allows females to survive 
dosage compensation. If we call X inacti- 
vation dosage compensation, we are over- 
looking something in males. That some- 
thing is dosage compensation. 

The idea of dosage compensation and its 
definition originated with H.J. Muller in 
his studies of Drosophila!. Inthecontext of 
the issues of his р Muller saw dosage 
compensation from a selectionist perspec- 
tive concerned with optimal phenotypes. In 
this view, dosage compensation was the 
mechanism by which selection has achieved 
equality of expression of sex-linked genes 
in single-X males and two-X females. In the 
modern context, however, we are forced to 
add an element to the Mullerian view: 
dosage compensation not only equilibrates 
male to female phenotypes but also — and 
perhaps primarily — equilibrates a male's 
single X to his two sets of autosomes. The 
point we seem to overlook is that a 
Drosophila male (or the heterogametic sex 
in any organism with a chromosomal sex 
determination system) is aneuploid and 
aneuploidy is deleterious. 

We know from an extensive study of 
aneuploidy in Drosophila? that any 

autosomal deficiency greater 
than about 3% of the haploid genome is a 
lethal condition. On the other hand, a 
Drosophila male is deficient for a whole X 
chromosome (about 20% of the genome). 
The issue, then, transcends his similarity to 
his sister. He requires dosage compensa- 
tion for his survival. In Drosophila 
melanogaster, dosage compensation is ef- 
fected by the elevation of the rate of 
transcription of the lone X in males relative 
to either of the X chromosomes in fe- 
males*5, More to the point, mutations in 
Drosophila which fail to hypertranscribe 
the X chromosome in males are male- 
specific lethals®. 

Aneuploidy in mammals, as in 
Drosophila, is deleterious. Mammalian 
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males, like Drosophila males, have a con- 
genital aneuploid condition for a consider- 
able fraction of their genomes. We infer 


the single X chromosome in males to the 
autosomal complement; that is a male’s 

single X is hypertranscribed relative to his 
autosomes. Hypertranscription in 
Drosophila males presents no problem for 
Drosophila females, as they transcribe 
their two X chromosomes at a basal rate 
balanced to the autosomes. However, in a 
species in which X hypertranscription is a 
property of all X chromosomes in either 
sex, the female has become, in a formal 
sense, a hyperploid. Since hyperploidy is 
also a deleterious condition, she would re- 
quire a second system to achieve X to 
autosome balance. One option is to inac- 
tivate one of the two X chromosomes. 

If mammalian X chromosomes are 
hypertranscribed in the interest of male 
survival, X-chromosome inactivation must 
be dosage-compensation compensation in 
the interest of female survival. This in- 
ference may be of some heuristic value in 
that it implies the existence in mammals of 
a class of genetic elements which function 
to modify X-chromosome expression and 
to which we might want to give some 
thought. 


Department of Biology, 
University of California, San Diego, 
La Jolla, California 92093, USA 
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High time for 
psychoimmunology 


Sır — The term *'psychoimmunology"' 
was coined by Solomon! to describe his 
early studies of the effects of behaviour on 
immune function and on susceptibility to 
certain experimentally-induced disease pro- 
cesses. -More recently, ''psychoneuro- 
immunology”? has been used to refer to 
studies of the neuroendocrine mechanisms 
mediating the effects of behaviour'on im- 
mune function — and vice versa. But in a 
News and Views article, ‘‘Psycho- 
immunology before its time", John Mad- 
dox questions the explanatory potential 
and, by implication, the heuristic value and 
practicality of pursuing such research’. 
Despite an erroneous characterization of 
what is ‘‘psychosomatic’’, the article cor- 
rectly implies that much of the impetus for 


studying interactions between the central | 


nervous system (CNS) and the immune 
system derives from observations that 
psychosocial factors influence the develop- 
ment and progression of disease. To phrase 
this as a ‘‘familiar theme in literature’, 


however, is to impart a scientific triviality 
to such phenomena. In fact, there is a 
voluminous scientific literature that 
documents the integration of mind and 
body. To justify this scepticism, Maddox 
points out that the mechanism for such 
phenomena is unknown, but this does not 
mean it is unknowable — or that the 
phenomena are less real. In an attempt to 
account for such phenomena, then, it is 
quite reasonable to hypothesize that 
changes in immune function may mediate 
the effects of psychosocial factors on the 
development and/or progression of some 
pathophysiological states. Such a 
hypothesis is tenable, however, only if it 
can be shown that the CNS plays some role 
in the modulation of immunity. 

In referring to a kind of connection that 
is made plausible by several unconnected 
observations, the article begrudgingly 
acknowledges a functional relationship bet- 
ween the CNS and the immune system. 
This is not the common knowledge that it 
is implied to be. That it is accepted at all 
is, in large part, a result of psychoneuro- 
immunological research conducted over the 
past 10 years. The scepticism expressed in 
the article, however, is not directed at the 
experimental findings of psychoneuro- 
immunology. It is fabricated, instead, out 
of unreferenced claims attributed to 
**psychoimmunologists": we know of no 
serious investigators who “‘talk as if there 
15 no state of mind which is not faithfully 
reflected by a state of the immune system". 
The hypothesis that a behavioural state 
may have immunological consequences, 
however, cannot be dismissed as easily. 
After all, there are neurophysiological and 
neuroendocrine consequences to behaviour 
and accepting a link between the CNS and 
the immune system, it would be reasonable 
to expect that influences are exerted in the 
opposite direction. Analyses of the interac- 
tions between behaviour and the immune 
system are not a traditional part of either 
immunology or the behavioural or neuro- 
sciences, but perhaps they should be. 

Space does not permit us to do more 
than point to the article's superficial 
analysis of the studies by Laudenslager et 
al.“ and Schleifer ef al.5, the evaluations of 
research based on the time consumed and 
its cost, the false analogy between the (un- 
referenced) clams of psychoimm 
and attempts to link states of mind with the 
development of cancer, or the difficulty of 
conducting psychoneuroimmunological 
research and the implication that the results 
obtained are neither reproducible nor 
significant. The basic flaw in the argument 
is revealed by what is claimed to be a crucial 
unanswered question: if a person's affec- 
tive response to some event is capable of 
influencing immune function, why, the ar- 
ticle asks, would such a person be more 
likely to die of a heart attack or even an 
automobile accident? 

This question is not crucial; it is not even 
relevant. The relationship between an af- 
fective state and immune function may be 





quite independent of the relationship bet- 
ween that affective state and other physio- 
logical processes and, in any case, depends 
upon a myriad of other biological and en- 
vironmental factors. Furthermore, such a 
question could follow only from the 
underlying assumption that behaviourally- 
induced alterations in immune function 
represent the single mechanism by which 
psychosocial factors influence disease. We 
know of no psychosomaticist or psycho- 
immunologist who would accept such a 
proposition and we cannot imagine how 
such a hypothesis could be derived from the 
available literature. 

There are probably those in every field 
whose exuberance outdistances their data. 
One is not required to share their exuber- 
ance, but one is obliged to consider their 
data. One can only wonder, then, why any- 
one would want to throw out the baby with 
the bathwater. Connections between the 
CNS and the immune system are now be- 
ing uncovered. Whatever forces were op- 
erating to set immunology apart, recent 
data suggest that much could be learned by 
studying immunoregulation as part of an 
integrated network of adaptive processes 
including behaviour. If not now, when? 


ROBERT ADER 
NICHOLAS COHEN 
Departments of Psychiatry and 
Microbiology (Immunology), 
University of Rochester School of 
Medicine and Dentistry, 
Rochester, New York 14642, USA 
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JOHN MADDOX WRITES — My article was 
а protest against those psychoimmunolo- 
gists who attribute as yet unwarranted im- 
portance to the immune system (as distinct 
from other physiological systems) among 
the physiological correlates of behaviour. 
My statement that '*people may be driven 
by adversity into decline is a familiar theme 
in literature" was not intended to demean 
psychoimmunology but, rather, to illustrate 
that the phenomena it seeks to account for 
have long been recognized. 

My reference to heart attack and road 
accidents rather than, say, infection among 
the causes of death of those who have been 
psychologically shocked was intended to 
raise the precise question Ader and Cohen 
answered by saying that physiological 
systems other than the immune system may 
be involved. 

I see nothing objectionable in the 
moderate statement of Ader and Cohen. 
Specifically, I can readily accept that there 
are many 1mmunological consequences of, 
say, bereavement, although I do not believe 
that the tendency towards untimely death 
among bereaved spouses can be attributed 
primarily (or even at all) to the immune 
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system (which is not to say that that may 
not be an attractive speculation). 

Underlying this dispute (which seems to 
me not to be a substantial disagreement) 
is an important question. These reduction- 
ist days, it is proper to seek to identify the 
mechanisms by which states of mind cause 
physical illness. The immune system is one 
candidate, perhaps the most obvious after 
the adrenal hormone complex. But we all 
know that Freud's place in intellectual life 
rests in part on his careful documentation 
of the phenomena of psychosomatic illness, 
and on his explanatión in terms of the un- 
conscious, nowadays a somewhat old- 
fashioned concept. 

So what if further investigation should 
show that the nervous system, and especial- 
ly that part of it within the skull, plays an 
important part in the causation of psycho- 
somatic illness? Such a development would 
no doubt be hailed as an important step to- 
wards Freud's rehabilitation, as a prophet 
if nothing more. 

The point of this speculation, in the pre- 
sent context, is not to say that that is how 
it will turn out, but simply to suggest that 
the Jess obvious fields for explanation may 
ultimately be more productive. Much of the 
abuse that reductionists have recently at- 
tracted stems from their weakness for the 
kinds of explanations which happen to be 
at hand. : Ln 


An unexpected result in 
classical electrostatics 


SIR — A recent discussion of the structure 
of snowflakes (W.S. Mortley, Nature 313, 
638; 1985) mentions the possible role of 
electric forces. In this and similar problems, 
establishing the least energy configuration 
appears vital. ] would like to draw attention 
to a surprising result, which, to my best 
knowledge, has not been mentioned earlier. 

What will be a minimum-energy con- 
figuration of a system of N equal point 
charges q placed inside a circle? 

At first glance the answer is obvious: the 
Coulomb repulsion will arrange all 
charges at the vertices of a regular polygo: 
inscribed into the circle (configuration A). 
This statement seems to be so obvious that, 
apparently, nobody bothered to verify it by 
a direct calculation of the total electrostatic 
energy of the system (W). However, such 
calculation, which can be easily performed 
on a programmable pocket calculator, 
shows, rather surprisingly, that this is true 
only for N « 12. In units g?/R the total 
Coulomb energy W is equal to 48.57568 for 
М = 11 and 59.80736 for № = 12. An 
alternative configuration (B), which is also 
compatible with the total symmetry of the 
system, has N — 1 charges equally spaced 
along the circumference and one ‘extra’ 
charge at the centre of the circle. For N = 
11, W(B) = 48.62450 (that is, greater than 
W(A)), but for N = 12, W(B) = 59.57568, 
that is, less than W(A). The non-equality 
W(B) « W(A) also holds for N > 12 (I 
verified this numerically to N = 400, but 
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very likely it is true for any N > 11). 

The above result means that starting 
from N = 12, the second configuration B 
(with one charge expelled to the centre of 
the circle) takes over from A as the 
minimum-energy configuration. In other 
words, it will be energetically beneficial for 
the system of N equal point charges 
confined in a circle to ‘expel’ one charge 
to the centre of the circle Gf N > 11). 
Similar effect (the ‘spontaneous ejection’ 
of one charge to the geometrical centre) will 
also be likely to happen for N charges 
inside the spherical surface (N > ?). This 
may lead to some modification of usual 
theorems of electrostatic stability which 
claim that at the state of the equilibrium 
all charges in the conducting body are 
always located on the surface. The above 
example clearly illustrates that this is not 
necessarily so. 

ALEXANDER А. BEREZIN 

Department of Engineering Physics, 
McMaster University, Hamilton, 
Ontario, Canada 1.85 4M1 





Spider pheromone 
‘packets’? 


Sir — The scanning electron micrograph 
(SEM) of the pustuliform organ of the 
spider Holcolaetis vidua Lessert (Salticidae) 
reproduced in Nature of 7 March (p.17) 
shows spherical bodies on the surface. It 
is suggested that the spheres may be 
*packets' of pheromone secreted by the 
pores, on the assumption that the organ is 
pheromone producing!. 

In reality the SEM shows that the spheres 
are not associated with the pores but occur 
on the pustuliform organs in proportion to 
the surface area occupied by the organs, 
about 25%. The implied low volatility of 
the spheres seems inconsistent with 
pheromonal function. The mean diameter 
of the spheres of 1.3 um, size distribution, 
aggregation and general appearance are 
consistent with the spheres coating the 
chorion of spiders’ eggs of all families, 
including salticids, that I have examined?. 
These spheres may be found on the surface 
of spiders newly emerged from egg 
cocoons? and the brood guarding 
behaviour of salticids may expose the 
adults to such contamination. 

W.F. HUMPHREYS 
Western Australian Museum, 
Francis Street, 
Perth, Western Australia 6000 
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Scientific Corespondence 


Scientific Correspondence is intended 
to provide a forum in which readers 
may raise points of a rather technical 


character which are not provoked by 
articles or letters previously published 
(where Matters Arising remains ap- 
propriate). 
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A multichannel seismic study of lithospheric 
5 ^ A flexure across the 
Hawaiian—Emperor seamount chain 
A. B. Watts’, U. S. ten Brink’, P. Buhl & T. M. Brocher' ; 


Lamont-Doherty Geological Observatory and * Department of Geological Sciences, Columbia University, Palisades, New York 10964, USA 
t Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543, USA ` 





Existing models assume that the thickened crust beneath seamounts is the result of a surface volcanic load flexing an 
elastic plate. New results suggest that flexed oceanic crust beneath the Hawaiian- Emperor seamount chain is underlain 
by a 4-km thick deep crustal body. We intepret the body as a deep crustal sill complex associated with the tholeiitic stage 


of volcano building along the chain. 


PLATE tectonics is based on the concept of a strong rigid 
lithosphere that overlies a weaker asthenosphere!. The principal 
evidence for the existence of a strong lithosphere on long time- 
scales (>10° yr) comes from studies of the way in which it 
responds to surface loads such as late glacial lakes", river deltas? 
and oceanic islands and seamounts*. One of the best-studied 
Іоадѕ°-!! is the Hawaiian- Emperor seamount chain in the Cen- 


tral Pacific Ocean. This volcanic load is suitable for study 
because: (1) it is located in the interior of a plate away from 
the complexities of plate boundaries; (2) it is one of the largest 
loads (~10'* kg) on the Earth's surface; (3) its tectonic setting 
is reasonably well known, enabling the relationship between 
load age and the thermo-mechanical properties of the oceanic 
lithosphere to be examined. 























It has been known since the earliest gravity measurements"? 
that the Hawaiian Islands are associated with large-amplitude 
free-air gravity anomalies that cannot be explained by local 
models of isostasy and require some form of regional compensa- 
tion to account for them. Venning Meinesz and Gunn? showed 
that gravity data over the islands are consistent with the flexure 
model of isostasy. According to their model, the Hawaiian 
Islands represent a load on the surface of the oceanic lithosphere 
which responds in a similar manner to an elastic plate overlying 
a weak fluid substratum. Walcott’, Watts and Cochran?, Watts? 
and Kunze!! have shown, using this model, that the best fit to 
the gravity data is for an effective flexural rigidity of the oceanic 
plate in the range 5 x 1079-5 x 10°° dyn cm, which corresponds 
to an effective elastic thickness, T., in the range 17.8-38.3 km. 
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Fig. 1 Location map of the two-ship multichannel seismic experiment, a, Bathymetry; b, free-air gravity anomaly. In a, the contour interval 

is 400 fathoms (1 fathom = 1.8288 m) and is based on Chase et al?^. Fine track lines, location of individual CDP, COP and ESPs; heavy line, 

location of ESP 1/COP 1 (Fig. 3) and CDP 330/CDP 331 (Figs 1, 2, profile AB); A’B’, end points of the free-air gravity anomaly and bathymetry 

profile connecting ESP mid-points In B, the contour interval is 25 mgal (1 mgal = 0.001 cm ѕ 2) and is based on Watts and Talwani??. Gravity 

anomalies >25 mgal are stippled. Thick dashed lines in a and b indicate the location of the Hawaiian arch and moat based on all available 
bathymetry profiles in the region. 
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Fig. 2 (Above and opposite) CDP profiles 330 and 331 of the Hawaiian ridge and vicinity (Fig. 1a, profile AB). The 48-fold stacked section- 
was acquired with a 3.6-km towed array. The black line on the upper section highlights prominent seismic reflectors. Reflector M at ~8.2 s 
‘below the arch is associated with the M-discontinuity and is continuous on a scale of ~50 km. Reflector OC is associated with the top of the 


oceanic crust. The number below the profiles is the accumulated distarice in km along 
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The actual value of T, depends, however, on the type of flexural 
model that is assumed. For example, Walcott's? estimate is based 
оп a model that assumes the plate is fractured beneath the , 
islands, whereas Watts and Cochran?, Watts! and Kunze!' 
derive their estimates assuming a continuous plate. Both types 
of model are in isostatic equilibrium and produce similar shape 
gravity anomalies to observed profiles. Thus, gravity data have 
not been able to discriminate unequivocally between different 
flexure models. D : Я 
An independent test of flexure^is to use seismic data to’ 
constrain the predicted deformation of the plate. For example, 
Walcott’ predicted that normal thickness oceanic crust is flexed 
by ~13km beneath Oahu, whereas Watts and Kunze! 
predicted only —4 km. If the thickness of the oceanic crust in 
undeformed regions is 6 km, then these authors imply a depth 
to the M-discontinuity of 23.5 and 14.5 km for the fractured 
and continuous plate models, respectively. P. O7 
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During the early 19605, a number of seismic refraction experi- 
ments were performed near the Hawaiian Islands, principally 
in support of Project Mohole (ref. 13). These experiments 
showed that in the region of the Hawaiian arch the mean 
thickness of the oceanic crust is ~6.3 km, increasing to ~13.0 km 
beneath the moat and ridge. Subsequently, Furomotu et al.'* 
suggested that the crustal thickness is ~ 19-20 km beneath Oahu, 
thinning to ~17 km to the north-west beneath Kauai and ~10- 
14 km to the south-east beneath Hawaii. Unfortunately, these 
early seismic studies were hampered by poor navigation and 
drifting receivers and do not provide a suitable data set with 
which to constrain reliably the flexure model. ` ' | 
The purpose ‘of this article is to summarize the results of a 
two-ship multichannel seismic experiment over the Hawaiian- 
Emperor seamount chain near the islands of Oahu and Molokai, 
A more detailed description of all the data obtained during the 
experiment will appear elsewhere (U..ten B. et al., in prepar- 
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ation). The overall objective of the experiment was to define 
the detailed crustal and upper mantle velocity structure beneath 
a mid-plate volcanic island chain. We examine here the implica- 
tions of the seismic experiment for the long-term (>10° уг) 
thermo-mechanical properties of the oceanic lithosphere and 
petrological models for the evolution of mid-plate oceanic vol- 
canoes. 


Seismic experiment 

During August-September 1982, the Lamont- Doherty Geologi- 
cal Observatory and the Hawaii Institute of Geophysics carried 
out a two-ship seismic experiment near Oahu and Molokai in 
the Hawaiian Islands (Fig. 1). The experiment involved two 
vessels, the Robert D. Conrad and Kana Keoki, and used the 
single-ship multichannel seismic reflection profiling technique? 
ло determine the configuration of individual crustal layers and 
the M-discontinuity and the two-ship technique! to determine 
the detailed velocity structure of the crust and upper mantle. 
The Conrad was equipped with a 3.6-km long seismic engineer- 
ing multichannel streamer with 48 active channels and a large- 
‘volume (2,500 in?) high-pressure sound source. Kana Keoki was 
equipped with a single-channel streamer, a large-volume (2,000 
in") high-pressure sound source and-210 60-pound Tovex 
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charges. Navigation for each ship was by satellite. During the 
two-ship portion of the experiment, the range between the two 
vessels was continuously measured by Miniranger and Raydist 
systems. 

The seismic experiment consisted of normal incidence com- 
mon depth point (CDP) data, constant offset profiles (COPs) 
and eleven expanding spread profiles (ESPs) obtained across a 
600-km long, 100km wide ‘transect’ of the Hawaiian ridge 
centred near Oahu (Fig. 1). The first part of the experiment 
included a continuous 250-km long COP between the Molokai 
channel and the Hawaiian arch south of the Hawaiian Islands 
(Fig. 1a). While shooting the COP, the two vessels maintained 
a constant distance apart of 3.6 km and Conrad and Kana Keoki 
alternately fired their airguns each minute. At the end of the 
COP, the vessels re-grouped for an ESP (Fig. 1a, ESP 1). During 
the ESP, the two vessels separated from each other at a speed 
of —5 knots while Kana Keoki fired its large airguns each minute 
and Conrad received. At the end of the 65-90-km-long line, the 
two vessels turned and moved toward each other along the same 
profile. The ESP was then reshot with the Kana Keoki firing 
Tovex charges оп a 10-тіп schedule. During the ESP re-shoot, 
Conrad fired its airguns each minute (with each 10-min shot 
missing) so that a CDP profile was obtained along the ESP. On 
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Fig. З ESP 1 and COP 1 of the Hawaiian arch, south of the Hawaiian ridge (Fig. 1a). The ESP data were obtained as the two ships separated 

at a constant speed from a common mid-point. At the end-point, the two ships steamed towards each other. During the ‘outgoing’ part of 

the experiment Kana Keoki fired its air guns and the Conrad received. During the ‘ingoing’ part Kana Keoki fired explosives. The ESP data 

shows a combination of the air gun and explosive record. The COP data were obtained by one ship (Conrad) firing its air guns and receiving. 
The black line on COP 1 represents the best-fitting velocity depth profile, obtained by a т-р sum of the ESP X- T data. 


completion of ESP 1, the vessels regrouped for a COP at a 
constant separation of 16 km to ESP 2. The COP/ESP sequence 
was then repeated until the transect had been completed south 
of the islands. The second part of the experiment was comprised 
of a similar sequence of COP/ESPs between the Molokai chan- 
nel and the arch to the north. On completion of ESP 11, Conrad 
began a 1,200-km long CDP profile connecting the ESP end- 
points. During this portion of the experiment, Conrad fired its 
airguns on a 20-s schedule. 

The data acquired during the seismic experiment were pro- 
cessed using techniques described by Stoffa et al^. The ESPs 
were corrected for ship's navigation, the ranges between shot 
and receiver, shot times and clock synchronization. After demux- 
ing the data, individual seismic traces were sorted and summed 


in bins of 50 and 100 m. We performed т-р mapping of the’ 


stacked X-T data and carried out а 7-sum inversion (assuming 
horizontal homogeneous layers) on the т-р data to yield a 
velocity-depth function at each ESP mid-point!". The solutions 
from r-sum inversion were verified by forward modelling of 
first arrivals using velocity gradients and accounting for 
spherical losses. Also, the velocity-depth function was compared 
with the results of semblance analysis of CDP data near some 
ESP mid-points and the two-way travel time data on the CDP 
profile that crossed each ESP mid-point. The CDP data were 
processed using routine methods with some exceptions. Before 
stacking, velocity filtering was performed on parts of the profiles, 
each CDP gather was muted and the first and last traces elimi- 
nated. This additional processing removed multiples of the sea 
floor and sub-bottom reflectors and reduced the scattered energy 
associated with irregularities in each reflector. After stacking 
and predictive deconvolution, time-varying band pass filtering 
was applied to all the CDP data. 


Results 


We present here selected profiles of the ESP and CDP data 
gathered during the seismic experiment. Figure 2 shows CDP 
profiles 330 and 331 obtained by Conrad on a transect of the 
Hawaiian ridge between Oahu and Molokai (Fig. 1a). The figure 
shows a strong reflection (reflector M) from the M-discontinuity 
at ~8.2 s two-way travel time beneath the Hawaiian arch south 


of the islands and at —8.0 s north of the islands. In general, the 
reflector is stronger south of the islands than to the north. The 
travel time difference between the sea floor and the reflector is 
—2.0s north of the islands and 2.4s to the south. We interpret 
these differences as indicating that the oceanic crust is thicker 
south of the islands than to the north. The travel-time difference 
between the sea floor and reflector M increases from the arch 
to the moat indicating an increase in the thickness of the crust 
beneath the moat. At —4,070 km (Fig. 2), there is evidence that 
reflector M ‘splits’ at a two-way travel time of —9.1s. We 
interpret this split in the M-discontinüity as the result of a deep 
crustal layer underlying the oceanic crust beneath the moat and 
ridge. The-top of the oceanic crust is characterized by a generally 
weak reflector (OC) with rough topography underlain by low 
frequency ‘multiples’. Other strong reflectors are associated with - 
the poor-to-well stratified material of the moat infill. 

Figure 3 shows ESP 1 (Fig. 1a) obtained by Conrad and 
Kana Keoki near the Hawaiian arch south of the islands. The 
right-hand side of the figure shows a line of refracted arrivals 
which are nearly tangential to the top of oceanic crust and 
M-discontinuity reflectors. There are departures, however, from 
straight refraction lines. For example, at ranges of 5-25 km there 


‘is a convex downward curvature of the primary refracted 


arrivals, suggesting a continuous increase in velocity with depth, 
while at —27.5 km there is a gap in primary arrivals, suggesting 
an abrupt decrease in the velocity gradient with depth. The CDP 
profile (Fig. 3) shows a strong reflector associated with the 
M-discontinuity between 8.15 and 8.45 s. The solid line at the 
ESP 1 mid-point on the CDP is the velocity- depth function 
obtained by r-p mapping of the X- T data and 7-sum inversion. 
The velocity-depth function shows a progressive increase from 
2.5 to 8.1 kms™*. Abrupt changes in the velocity gradient are. 
associated with the top of the oceanic crust and the M-discon- 
tinuity. : i 
The principal results of the CDP data and ESPs 1-9 are 
summarized in Fig. 4. The velocity-depth data at each ESP 
mid-point and the depth to prominent reflectors on CDP 330/331 
have been projected onto bathymetry profile A’B’ (Fig. 1a). 
Figure 4 shows that the total crustal thickness increases from 
~6.5 to 6.8km beneath the Hawaiian arch to ~10.5-12.0km 


NATURE VOL 315 9 MAY ‘1985 

















ARTICLES 109 
ESP 1 2 3 4 5 9 
AIG |Expl | | | | | 
о, — 
LIE 
4 h 38 д геа 
UL EL m E | Е 
ч PL BED a 
60 57 4 SE | 
71 Я А, 
qd в L| decla) 8 
65 T4 zz 111) [64 V7 Tl 69 
km 10 711 | A 
тә]. |75 то \ ЯК 
12 Pa e : T2 74 рж" 
в.б an Temen 2-3 
813 x 78. 78 
DM | [us 
14 | ~ 
N 
8 81 
16 yu 
IN ў 
RN 5 
18 N AL 
NN [Lead 
20 À 





-300 -200 : 400 О 100 200 300 


km 


Fig. 4 Summary of the velocity and crustal structure obtained on ESPs 1-9. Horizontal lines in each column represents the depth to a 

prominent change in velocity with depth. The numbers refer to the velocity (km s^!) immediately above and below the velocity change. The 

dashed-dot, continuous, and dashed lines represent prominent reflectors in Fig. 2 which have been converted to depth using the ESP velocity 

data results. These three reflectors are interpreted as corresponding to the top of the oceanic crust, the base of the pre-flexed oceanic crust 

and the M-discontinuity respectively. The ESP data have been plotted at the intersection of each ESP with profile A'B'. Note that two possible 
solutions are shown for ESPI and ESPS. 


beneath the moat, and 18.0-19.0 km beneath the ridge. In the 
region of the arch, the crustal layer below reflector OC has a 
velocity which grades from 4.2 to 5:6 km s ! (ESP 1,2,6, 7) to 
--8.0-8.2 km™', Below reflector OC in the moat there is a sudden 
increase in velocity from 7.0 to 7.4 кт 5! at depths of 6.5.km 
below the sea floor (ESP 4) and from 6.9 to 7.2 km s^! at 7.0 km 
to the north (ESP 9). At ESP 5 on the ridge, reflector OC cannot 
be as easily identified. Furthermore, the X- T data cannot be 
interpreted in terms of a single velocity-depth profile. Figüre 4 
shows two possible solutions for ESP 5, both showing a similar 
upper crustal structure with velocities increasing from 4.0 to 
5.5 km s^*. At greater depths, however, the two solutions differ.. 
The solution, which does not include a low-velocity zone (LVZ) 
in the upper crust, is characterized by a sudden increase in 
velocity from 7.0 to 7.4 km s^! at depths of ~13.0 km below the 
sea floor, whereas the model with a LVZ shows'a sudden increase 
from 6.9 to 7.4 km s! at depths of ~11.3 km. Above reflector 
OC, velocities are generally in the range 2.3-4.0s !. At ESP 9 
in the moat region, there is evidence from arrivals on X-T, т-р · 
and from amplitude data for a LVZ above reflector OC. We 
interpret this LVZ as the result of a high-velocity lava flow 
capping low-velocity material of the moat infill. 

To constrain better the crustal model, we computed the gravity 
and geoid effect of the seismic structure and compared it with 
the observed free-air gravity anomaly profile obtained on Conrad 
and Kana Keoki and the geoid anomaly derived from SEASAT 
radar altimeter data. Because of uncertainties in the seismic 
interpretation at ESP 5 (Fig. 4), two models for the deep crustal 
structure of the ridge were considered: one in which the oceanic 
crust is thinned beneath the ridge (Fig. 5, model A) and one in 
which the crust is of normal thickness (Fig. 5, model B). Model 
A is consistent with the solution without a LVZ in the upper 
crust, whereas model B agrees better with the solution with a 
LVZ. For the purposes of the gravity and geoid calculation, the 


velocity-depth data near the arch and moat were generalized 
to an upper 4.2-6.0-km $! layer, a middle 6.0-7.1-km s^! layer 
and a lower 7.4-7.8-km s ! layer. Densities of 2.6, 3.0 and 
3.15 g cm ^, respectively, were assigned to these layers using the 
velocity-density relationships of Christensen and Salisbury!*. 
We assigned a density of 2.3 р cm ? for the material filling the 
moat, a density similar to the average density of vesicular 
Hawaiian flows? and in the range of values normally chosen 
for sediments. At ESP 5, the volcanic ‘core’. of the ridge is 
associated with velocities of 4.0-6.7 km s^!. A density of 2.5- 
27gcm ? was assigned for the core of the ridge, similar to 
values normally considered for volcanic flows’. 

Figure 5 shows that there is a good overall agreement between 
the observed and the calculated gravity and geoid anomalies 
based on the seismic structure. Gravity and geoid data agree 
with the suggested thickening of the crust from —6.5 km beneath 
the arch to 12.0 km beneath the moat and 18.0- 19.0 km beneath 
the ridge. Furthermore, the data are consistent with the existence 
of a deep crustal layer underlying oceanic crust beneath the 
ridge and a portion of the flanking moat. The data cannot, 
however, distinguish whether the oceanic crust is thinned 
beneath the ridge or whether it has a similar thickness as beneath 
the moat and arch. Figure 5 shows that if oceanic crust is normal 
thickness beneath the ridge a high density body is required 
-beneath it to compensate for the additional low density associ- 
ated with the increase in thickness of the oceanic crust. The 
origin of the body is not clear, but gravity modelling suggests 
that it represents a deep seated extension of the dense volcanic 
pipe associated with the Koolau caldera on Oahu”. 


Implications 
The seismically determined crustal structure of the Hawaiian 
ridge has implications for both the thermo-mechanical 
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Еір. 5 Comparison of calculated geoid and gravity anomaly based on a density model constrained by seismic data to observed satellite 
derived geoid and surface-ship free-air gravity anomaly data. a, Geoid anomaly obtained by subtracting the geoid derived from a descending 
track of SEASAT from the GEM 10 Earth model complete to degree and order 12. b, Free-air gravity anomaly profile derived from data 
obtained by Conrad and Kana Keoki during COP A/COP B and COP E/COP F. c, Density model based on velocity-depth data in ESPs 
1-9 and the velocity-density relationships of Christensen and Salisbury'®. The configuration of the models (see text) have been adjusted so 
as to best-fit the gravity and geoid data and still explain the seismic'data. Model A, thinned oceanic crust; model B, normal thickness oceanic 
crust. Heavy dashed lines are calculated curves based on a flexure model of isostasy with T, = 25 km. 


properties of oceanic lithosphere and petrological models for 
the evolution of mid-plate seamount chains. 

The configuration of the oceanic crust near Oahu and Molokai 
is compared with predictions based on a flexure model of 
isostasy described in Fig. 5. In the model, it is assumed that the 
Hawaiian ridge and its associated infill material represent a 
two-dimensional load on the surface of an elastic plate overlying 
a weak fluid substratum. Thus, we assume that the only loads 
that act on the plate are surface loads and that buried loads”! 
do not contribute to the flexure. Figure 5 shows that there is a 
reasonable agreement between the configuration of the upper 
surface of the oceanic crust and the calculated flexure profile 
for T, = 25 km. There is also good agreement between the calcu- 
lated profile and the configuration of the base of the oceanic 
crust for the model in which the oceanic crust is uniform in 
thickness beneath'the ridge. Figure 5 shows, however, that the 
agreement is poor for the model in which the oceanic crust thins 
beneath the ridge. These results, therefore, suggest that beneath 
the ridge, flexed normal thickness oceanic crust is either under- 
lain by a high density body (model B) or has been altered by 
densification in its lowest part (model A). 

The flexure profile in Fig. 5 is based on a single value of T, 
and a fractured plate model. Other values of Т, would be 
required if different types of flexure "model are used. For 
example, if a continuous rather than a fractured plate had been 
used, then a lower value of T, (—20 km) would be required. 
We prefer the fractured plate model (and hence the higher T, 
value) because it best explains the shape ofthe top of the oceanic 


crust below the moat and the edge of the load. We caution 
against a too literal interpretation of the Т, value in Fig. 5, 
however, because it may be possible to construct other models 
(for example, a model in which T, decreases gradually from 
beneath the arch to the ridge) that could explain the seismic, 
gravity and geoid data (Fig, 5) equally well. A value of Т, = 
25 km can, therefore, be regarded as a ‘best fit’ to the regional 
crustal structure of the ridge and hence, a measure of the average 
response of oceanic lithosphere to volcanié island loading along 
the Hawaiian- Emperor seamount chain. 

Oceanic flexure studies! have shown that T, is a strong 
function of the age of the lithosphere at the time of loading. 
Thus, volcanic loads formed on young lithosphere are associated 
with small values of T., whereas loads formed on old lithosphere 
are associated with large values. There is a good agreement 
between T, and the depth to the 450 °C oceanic isotherm based 
on the cooling plate model. Bodine et al”? have considered these 
results in terms of the rheology of oceanic lithosphere based on 
data from experimental rock mechanics and shown that 


Т, = 4.31'/?, ‘dry’ olivine rheology (1) 
Т, = 3.3t'/2, ‘wet’ olivine rheology (2) 


D 


where t is age of the oceanic lithosphere (Myr) at the time of 
load emplacement. Using t — 80 Myr in equations (1) and (2) 
gives a predicted T, of 30-40 km, which is somewhat higher 
than the value of Т, deduced here. 
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Although T, at a volcanic load is a function for the thermal 
age of the underlying oceanic lithosphere!?, it may not represent 
the actual temperature structure of the lithosphere because of 
perturbing effects associated with magmatic processes and/or 
subsequent thermal events. Crough?, for example, suggested 
that the Hawaiian swell is the result of thermal uplift following 
reheating of oceanic lithosphere by the Hawaiian hotspot. He 
estimated from bathymetric data that the 80 Myr lithosphere 
near Hawaii has been reheated to a thermal age of —30 Myr. 
Substituting this value in equations (1) and (2) gives a predicted 
T. of 18-23 km, which is similar to T, estimated here. However, 
Sandwell** computed the response of a moving plate over heat 
sources with different shapes and has shown that the peak in 
the temperature distribution may be displaced «20 Myr down- 
stream of the source. The age of the volcanic load near Oahu 
and Molokai is only ~2-3 Myr, so that the T, estimated here 
cannot be used to constrain the reheating hypothesis. Thus, the 
strongest evidence for the swell remains the exponential form 
of its subsidence. 
^ Although the extent of lithospheric reheating is uncertain, it 
is clear that a flexure model of isostasy with Т; = 25 km can 
explain the overall configuration of the oceanic crust near Oahu 
and Molokai. The model cannot, however, account for the 
7.4-7.8 km s^! velocity layer which seismic, gravity and geoid 
data suggest underlies flexed oceanic crust beneath the islands. 
This deep crustal layer is ~4 km thick, 200 km wide and gen- 
erally symmetric below the centre of the ridge. 

It is known from petrological studies that the Hawaiian vol- 
“canoes erupt lavas of different and distinct chemical composi- 
tions during their evolution. According to McDonald, the main 
stage of volcano building consists of large amounts of tholeiitic 
lavas which erupt rapidly (<1 Myr; ref. 26). Following the main 
stage, the volcano usually erupts small amounts of alkali basalts. 


Finally, after a few Myr of quiescence, minor amounts of: 


nephelinic lavas may erupt from satellite vents. The exact nature 
of the source region of the tholeiites and alkali basalts is not 
known/"? but seismicity studies near Hawaii? suggest that 
magma transfer associated with the tholeiitic stage of volcanism 
extends to depths of at least 50-60 km. The nephelinic lavas are 
considered to be more primitive and to have originated from 
an even deeper source. 

Seismic studies provide constraints on the velocity and density 
structure of the crust and upper mantle beneath a volcano and 
hence are of importance in developing petrological models. For 
example, seismic data? suggest that Mount Etna is underlain 
by a deep seated magma chamber. 

From a consideration of all the seismic data obtained during 
the experiment, we believe that the most probable interpretation 
of the deep crustal body underlying flexed oceanic crust beneath 
Oahu and Molokai is that it represents a deep crustal sill com- 
plex. In particular, the body represents 'frozen' intrusions of 
'tholeiitic composition into upper mantle rocks that were trapped 
in their ascent from a deeper source during the late phase of 
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Fig. 6 , Schematic model of the crustal structure of the Hawaiian 

ridge and vicinity based on the seismic, gravity and geoid data 

discussed here. The model has been generalized from models A 
and B in Fig. 5. 


the tholeiitic stage or during the following period of quiescence. 
Such a model of a crust- mantle *mix' agrees with seismic data 
showing that the deep crustal layer is intermediate in velocity 
between that of lower crust (gabbro) and upper mantle (peri- 
dotite) rocks. It is also in agreement- with evidence?'?? which 
shows an absence of a deep crustal body below Kilauea and 
Mauna Loa on Hawaii. These volcanoes seem to be in the early 
phase of the tholeiitic stage and, therefore, would not be expec- 
ted to be underlain by such a sill complex. 

Figure 6 shows a schematic model for the deep crustal layer 
beneath Oahu and Molokai that explains the geophysical data 
and is consistent with current petrological knowledge. In propos- 
ing this model, we have eliminated (on density arguments) the 
possibilities that the deep layer represents either a magma 
chamber of basic picritic magmas which become ponded at or 
near the crust/mantle following their ascent through -the 
mantle”, or dunites and plagioclase-bearing pyroxenites that 
formed as early cumulates in a fractionating tholeiitic magma 
chamber?. ; 

The deep structure of oceanic islands and seamounts, 
however, is still too poorly known and other explanations may 


"be proposed as more data become available. The seismic experi- 


ment described here was the first of its kind to be carried out 
over a mid-plate seamount chain. We believe that multichannel 
seismic studies of other seamounts offer particular promise of 
better understanding the origin of mid-plate volcanism in the 
future. - 
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` А normal oceanic crust cannot be generated after continental crust splitting of rifts filled by a thick pile of young sediments. 
The magma released by the rising mantle is trapped mainly in these sediments as basalts sills and plugs. The sediments 
are themselves metamorphosed by the heat flux from the underlying mantle. A metasedimentary crust is formed in direct 
contact with an abnormal mantle (V, = 7.5 km s^) produced by partial serpentinization. 


THE transition from continental to oceanic crust in a rift may 
occur in a number of different ways. One model involves the 
stretching of the continental crust to a thickness comparable 
with that of the oceanic crust, followed by a transition to this 
new oceanic crust. This model has been documented by the 
study of the Atlantic Ocean passive margins”. Another model 
predicts a brittle behaviour of the continental crust which would 
be progressively invaded by mafic dykes, its extension being 
that of the accumulated thickness of the dykes, and would finally 
yield without stretching along the mechanically weakened zone 
of dyke intrusion, passing more abruptly to oceanic crust®*, 
Coleman® describes an intermediate behaviour of dykes and 
igneous bodies with crustal extension and multiple intrusions 
which seem to produce locally a complete disruption of the 
continental crust on the Arabian side of the Red Sea. 

In these models, the nature of oceanic crust is little questioned, 
despite geophysical records which are not always those of typical 
oceanic crust. It is also implicitly accepted that an oceanic crust 
can be formed whatever the sedimentary filling of the rift. Is it 
possible to form a normal oceanic crust, just after the splitting 
of continental crust, in a trough filled with kilometres of wet 
sediments? Saunders et al$ have shown that in the Guaymas 
Basin of the Gulf of California, where the sedimentation rate 
can exceed 1,200 m Муг 1, the oceanic layers 1 and 2 are par- 


tially intercalated, the young sediments being intruded and' 


metamorphosed by many doleritic and gabbroic sills. Here, I 


show that in such environments the situation may be even more ` 


radical with a total absence of layer 3 and a modified upper 
mantle lying directly belów metamorphosed sediments invaded 
by basaltic intrusions. Thus, I define a new type of crust, the 
metasedimentary crust, transitional between the continental and 
oceanic crusts. 

I will discuss geophysical evidence from two well-known 
rifting environments (Salton Trough at the north end of the Gulf 
of California, and the southern Red Sea) and from the western 
Pyrénées where,. starting from a similar situation during the 
Cretaceous’, it is now possible to observe the deep parts of the 
crust and the upper mantle peridotites, from mountain building 

. data. The study of these peridotites supports my interpretation. 
Finally, I suggest an answer to the problem of the crust or mantle 
nature of the 7.2-7.5kms layers often found in non-typical 
oceanic lithosphere at depths between crust and mantle. 


С 
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Salton Trough 


The Imperial Valley-Salton Sea subsiding rift corresponds to 
the transition of the oceanic crust of the Gulf of California to 
the continental crust of southern California. This rift is opening 


- in a system of large dextral strike-slip faults limited to the 


north-east by the San Andreas fault. It is rapidly subsiding with 
the Pleistocene Colorado River delta formations now at depths 
of 3.7 km below the Salton Sea and 4.8 kin below thé Mexican 
border?. 

In the trough below sedimentary layers, Fuis et al? define a 
basement ascribed to deeper sediments metamorphosed in the 
greenschist facies (Fig. 1). This is based on the geophysical 
properties of this zone and on thermal measurements in deep 
wells, the extrapolation of which fix the top of the basement at 
300°C for a depth of 6 km. Basaltic intrusions occur in this 

, basement. At a depth of —12km, one passes into the sub- 
basement through a 1-km thick transition zone. This sub-base- 
ment is ascribed to a mafic layer (gabbros and/or amphibolites) 
representing the oceanic crust on behalf. of a P-wave velocity 
V,77.2kms'' and a modelled density of 3.1 (Fig. 1), The 
7.2 km 57! velocity, however, is a lower limit; velocities of 7.5- 
8.0 km s^! have also been reported. А recalculation of the same 
data gives an average velocity of 7.5 km 5-1. Here I reinterpret 
the sub-basement as anomalous mantle rather than mafic crust. 

Fitting a P-wave velocity of 7.5 km s^! and a density of 3.1 
with an oceanic lithosphere formation can be done by a com- 
parison with.experimental data on ophiolite specimens or from 
a direct comparison with in situ geophysical data in the oceanic 

lithosphere. Ascribing to the upper sub-basement pressure- 
temperature (P- T) conditions of —4-5 kbar and 400-600 °C, 
the appropriate comparison should be done with a young crust 
rather than with a nascent or a mature oceanic lithosphere. 

Measurements on gabbros and metagabbros at 4-kbar confin- 
ing pressure and room temperature give a wide range of 
velocities with mean values respectively of 7.14 km' s! and 
6.92 km s^! for a few west American ophiolites?; data from 
Oman” or from the Bay of Islands!''? do not differ significantly. 
Correction for an assumed temperature of 500 °C would lower 
these values by ~5% (ref. 13). Density measurements on gabbros 
and metagabbros at normal P- T conditions on the same speci- 
mens as above give 2.95 and 2.92, respectively. Data from the 
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А Salton Trough Fig. 1 Cross-sections through the 

La Jolla à Е Salton -Trough integrating seismi 

Peninsular Ranges Brawl Chocolate Mountains oug, g g seismic 

ox 3 ` 9 ФУ 23 (18-50) Е ^ (velocities! in bracketed numbers) 
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Depth (km) 
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Nuty 


150 0 
Distance (km) 





and gravimetry (plain numbers) 
data. Dots; metasedimentary base- 
ment; crosses, continental .base- 
ments; .oblique hatches, sub-base- 
ment (after Fuis et al?) The 
7.5kms ! velocity adopted for the 
150 sub-basement is derived from ref. 8 
and ‘from recalculated velocities 
using their data. 
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Table 1 P-wave velocities in layer 3 and upper mantle of young lithospheres 
EPR* EPR EPR EPR Gulf of 
Reykjanes?” Iceland? Galapagos? 10°S*® Siqueiros 12° N®® 14° N“ Aden? Kenya 

V, in layer 3 

kms! 6.5 6.5 6.5 ~6.8 7.0 6.8-7.2 6.8-7 0 6.3 
V, in upper mantle 

kms^ 73-74 72 7.5 7.3-7.5 


1 i : Ё 7.8 8.0 775 72 


* EPR, East Pacific Rise. 


Table 2 Comparisons between Salton Trough P-wave velocities and other estimates 





Salton Trough 


sub-basement Gabbro metagabbro 


4 kbar/500 °C 4 kbar/500 °C 
Vp kms"! —7.5 6.57-6.78 
Dgcm^? 31 2.85-2.88 
x 3.08 


Figures 1n parentheses represent average values from Table 1. 


Bay of Islands and Oman show comparable densities with lower 
gabbros reaching densities of 3.15. Recalculating these densities 
for P=4 kbar and T = 500 °C with compressibility and thermal 
expansion coefficients of 1x10 bar ! and 24х10 deg™!, 
respectively, would lower these densities by —0.07, bringing 
them in the range of 2.88 and 2.85, with the maximum density 
lowered to 3.08. 

An ultrasonic compressional wave measured along the main 
structural directions on a peridotite with 1496 serpentine at 
4 kbar gives an averaged velocity of 7.63 km s^! (ref. 14). The 
results are similar using Christensen's? analytical data: 
7.6 km s^! for a peridotite (2/3 olivine, 1/3 enstatite) with 1596 
serpentine. Using the temperature derivative calculated for a 
comparable peridotite’®, one finds for P=4kbar and T= 
500 °C, a velocity of 7.35 km s^. The density measured on the 
same specimen was 3.2, which after the pressure and temperature 
correction, becomes 3.12. 

P-wave velocity data for young oceanic lithosphere and rifts 
have been compiled in Table 1. When possible, the data for age 
zero have been avoided. Velocities in the upper mantle are 
commonly anisotropic, in which case they have been averaged. 

Table 1 indicates that anomalous mantle velocities 
—1.5 km 5! are common below young oceanic crust where they 
are ascribed to the strong temperature effect on this velocity. 
With ageing, these velocities would increase to the more common 
8.2 km s^! value". Table 2 shows that a peridotite with 10-20% 
serpentine fits equally well the data for Salton Trough. 

Considering the fact that in the Salton Trough a source of 
water is found in the overlying sediments undergoing metamor- 
phic reactions, I suggest that the upper part of the sub-basement 
and the transition zone are composed of partly serpentinized 
peridotites. The serpentinization decreases downward partly 
because it is difficult for the water to penetrate deep into the 
peridotites, but principally because the upper temperature limit 
for serpentinization (500?C) is met at shallow depth in the 
sub-basement. At higher temperatures, tremolite-chlorite and 
talc can be present, contributing to the thermal effect and maint- 
aining low velocities. 


Southern Red Sea 


Although the geophysical data are older and less tractable, a 
comparable situation with the Salton Trough seems to exist in 
the southern Red Sea, south of the 17? parallel. The magnetic 
anomaly pattern suggests the existence of oceanic crust in the 
central and southern Red Sea!9?. This is confirmed for the 
central Red Sea by seismic refraction data?). There, material 
with a mean seismic velocity of 4.3 km 5! and thought to be 
evaporites, overlies a layer of mean velocity 6.6 km s^! , thought 
to be oceanic crust. 





14% Serpentinized 


peridotite Upper mantle young 
Layer 3 young crust 4 kbar/500 °C lithosphere 
6.3-7.2 7.34 7.4-8.0 
(6.7) (75) 
3.12 


In the southern Red Sea, seismic refraction and gravimetry 
profiles?! and structural reconstitutions?” in the 50-100-km-wide 
central trough define sedimentary layers 2-5 km in thickness 
with velocities from 2.75 to 4.48 km s !, overlying directly a 
7.16-7.31 kms~' domain. These overlying layers are evaporite 
sediments? associated with mafic formations. Seismic reflection 
profiles? suggest the occurrence of volcanic strata and plugs in 
the sediments. There is a general consensus that the underlying 
domain is mantle?-?* whose anomalously low velocities are 
related to the locally high thermal gradient. Similarly, low mantle 
velocities have been reported from the adjacent areas”* (Afar, 
Danakilh, Jibuti, Gulfs of Tajura and of Aden). 

The abundance of mafic intrusions in the southern Red Sea 
and along its margins can account for the magnetic anomalies 
mentioned above and do not necessarily imply the presence of 
an oceanic crust that is not supported by the available geophy- 
sical record. Equating the 7.2 km $7! basement with anomalous 
mantle, we conclude that this mantle is directly overlain by a 
sedimentary cover with mafic sills or flows and plugs. New 
seismic refraction profiles would be necessary to test this inter- 
pretation. 


Western Pyrénées 


During the Pyrenean orogeny, small and deep sedimentary 
basins, possibly analogous to those described above’ have been 
squeezed, making it possible to obtain some information on the 
nature of their substratum. 

These sedimentary troughs were filled by flysch during their 
opening. Thus, 3-6-km-thick flysch was accumulated rapidly in 
the western Pyrénées where the troughs are best developed. 
After a period of Triassic continental rifting followed by a 
relative quiescence, the rifting was reactivated during the Upper 
Jurassic- Lower Cretaceous”°, with the formation of the troughs 
under consideration. The precise mechanism for their opening 
is still unknown. The troughs may open by a pull-apart mechan- 
ism related to the essentially sinistral motion of the Iberia block 
with respect to Europe’, or there may be a period of extensional 
tectonics within Iberia, followed by the strike-slip motion and 
the compression responsible for the mountain building event. 
The first model seems to better explain the larger opening 
observed in the western Pyrénées. The content of the troughs 
has been metamorphosed. Temperatures as high as 600 °C were 
attained locally during the Albian-Cenomanian phase of the 
rifting”. During the subsequent compressional phase, they were 
still high enough to produce metamorphic effects. 

In the eastern Pyrénées, the continental crust was probably 
only attenuated during stretching??. The mainly calcareous sedi- 
ments from the basins contain small mafic and Iherzolitic bodies, 
the latter associated with granulite slivers derived from lower 
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Fig. 2 Cross-section through a, southern Red Sea (near 17° parallel) and b, Saudi Arabia passive margin, illustrating the contrast in mafic 
magmatic activity: in the Red Sea trough, mafic sills, plugs and flows and along the passive margin, local creation of oceanic crust (ophiolites). 
a, Modified from Mulder et al.” by adding main seismic refraction results?! and presumed deeper mafic intrusions in the 4.48 km s^! layer; 
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` b, reproduced from Coleman’. Е 


continental crust and modified at depth by the thermal effects 
of the therzolites*®. These numerous lherzolite bodies are 
remarkably fresh with a plastic deformation indicative of large 
strain in the T = 1,000 °C range, but locally down to 650-700 °C 
(ref. 30), which we ascribe to their ascent. 

In the western Pyrénées, the continental crust was probably 
disrupted?*-7*, This is suggested by the nature of the, troughs 
and the large gravity anomaly. The small peridotite massifs 
upthrust during the orogeny are more harzburgitic (F. Boudier 
and F. Cordellier, personal communication). They are also 
largely serpentinized (lizardite), essentially at low temperatures 
and in static conditions, but with relicts of a high temperatures 
earlier stage in the greenschist facies (antigorite-tremolite- 
chlorite). The mafic intrusions are mainly ophites which are 
metamorphosed tholeitic dolerites, intrusive within the Triassic 
evaporites in remarkably abundant and large (kilometre-sized) 
sills and plugs, and alkali-basalt sills and plugs related to the 
Albian rifting. The ophites are considered to be related to the 
Triassic period of rifting’' because they do not intrude younger 
formations. But this may result from the location of Triassic 
evaporites at the bottom of the troughs or to their mechanical 
properties; the ophites could be related to the Cretaceous rifting 
as suggested by other authors”. 


Discussion 


‘A new analysis of the geophysical data on the Salton Trough 
and southern Red Sea rifts leads to the conclusion that after 
splitting of the continental crust a new lithosphere can be created 
with a metasedimentary section directly above the mantle forma- 
tions and without a normal oceanic crust. The existence of this 
metamorphism is deduced from heat-flow data?. It is also im- 
printed in the Red Sea evaporitic sediments in contact with the 


Zabargad Island intrusion of hot spinel-feldspar lherzolites?. ` 


The metasediments are intruded by mafic sills and plugs”, In 
the Red Sea, there is a striking contrast between the style of 
mafic magmatism in the continental crust (Fig. 2b) and in the 
evaporitic sédiments of the trough (Fig. 2a). 

The Mesozoic Pyrenean troughs seem to represent a similar 
situation, at least in the western part where the continental 
disruption was probably complete, a stage not attained in the 
eastern part. This interpretation is supported by the comparative 
study of the intruded peridotite bodies. 

The scenario proposed for the western Alps therzolites** can 
be applied to spinel Iherzolites from the eastern Pyrénées, which 
are very similar. They would be derived from a diapiric astheno- 
sphere uprise below a continental rift. Because of a particularly 


slow ascent rate in relation to a presumed slow («1 cm yr !) 
opening rate, the partially molten asthenosphere meets the ther- 
mal conduction front of the lithosphere during its ascent at- 
= 30 km, where the melts carried so far start crystallizing?^. This 
explains the comparatively fertile character of the lherzolites, . 
their equilibration in the spinel-Iherzolite field, the limited. 
amount of known associated magmatism and the low tem- 
perature characteristics of their subsequent plastic deformation, 
which records their further ascent and possibly the first stages 
of the rift closure. It has been proposed recently?? that this 
Iherzolite diapir has disrupted the continental crust and intruded 
through the rift sediments. This interpretation, proposed in the 
case of feldspar-Iherzolites?^?5, seems unlikely for the spinel 
Iherzolites considered here. 

In the western Pyrénées, the occurrence of harzburgitic iher- 
zolites is symptomatic of the creation of oceanic lithosphere™ 
and of substantially larger spreading rates there than in the 
east. In Boillot’s model”, it is possible to estimate the opening 
rate at =:1.3 cm yr ^, which is sufficient to generate an oceanic 
lithosphere in terms of the amount of melting (20%) and of the 
harzburgitic nature of the residual mantle'*.. However, the . 
oceanic mantle would be directly overlain by metamorphosed 
sediments, as suggested by the absence of oceanic crust frag- 
ments associated with the harzburgite bodies. The large and 
numerous ophite intrusions could represent the mafic products 
generated by the mantle melting, but this would imply that they 
are not Triassic (see above). The extensive serpentinization of 
the harzburgite bodies, contrasting with its scarcity in eastern ' 
Iherzolites, would be partly achieved at high temperatures by 
water contamination from the overlying metasediments and 
partly during and after the squeezing up of the peridotites 
through the trough's formation. This is recorded by the serpen- 
tinization sequence, showing first a high temperature alteration 
(antigorite-tremolite-chlorite), followed by a low temperature 
one (lizardite). 

Such a partial and early serpentinization of the mantle section 
beneath metamorphosed sediments may explain the seismic and 
gravimetric data obtained in the Salton Trough?. In particular, ` 
the upper sub-basement could correspond there to a peridotite 
with 15-20% serpentine. 


Conclusions 


Based on the data presented here, І propose that in certain 
circumstances a new type of crust can be created during the 
rifting of a continent. During the disruption of the continental - 
crust, this new crust would be composed of a thick sedimentary — 
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sequence, metamorphosed at its base in the greenschist or the 
amphibolite facies depending on its thickness and be invaded 
by sills and plugs of kilometre-sized mafic intrusions. The 
immediately underlying anomalous mantle (V,~7.5 km 57!) 
would be composed of hot peridotites and/or of partially serpen- 


tinized peridotites. The latter interpretation agrees with the one- 


proposed by Hess’, in which a lower oceanic crust is formed 
by serpentinized peridotites. The formation of this special crust 
-would require conditions in which the creation of a normal 
oceanic crust would be impossible. Such conditions could occur 
when the transition from continental to oceanic lithosphere 
occurs in a trough filled with a thick pile of young sediments, 
a situation opposed to that of a starved rift'. The basaltic magma 


released by the underlying mantle diapir into the immature ` 


sediments does not meet conditions to create a volcanic cap 
below which a plutonic section can fractionate. On the contrary, 
as already proposed by Saunders et al$, the magma reacts with 
these sediments and is frozen in them as sills and plugs, thus 
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contributing to the metamorphism of the sediment. Dolerite and 
gabbro sills material and metamorphosed sediments have been 
recovered by DSDP drilling in the Gaymas Basin of the Gulf 
of California® which, as mentioned above, seems to correspond 
to an appropriate environment. 

It may be of interest to contrast the situation on the Arabian 
edge of the Red Sea and in the trough itself (Fig. 2). On the 
edge, the disruption of the continental crust with a little and 
old sedimentary cover leads directly to the creation of typically 
ophiolitic segments of oceanic crust, whereas in the trough where 
young and wet sediments have accumulated, the geophysical 
record does not show the existence of such oceanic crust but 
suggests a direct contact between sediments and serpentinized 
mantle. 
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Heritable formation of pancreatic B-cell tumours: 
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recombinant insulin/simian virus 40 oncogenes 
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Following the transfer into fertilized mouse eggs of recombinant genes composed of the upstream region of the rat insulin 
П gene linked to sequences coding for the large-T antigen of simian virus 40, large-T antigen is detected exclusively in the 
B-cells of the endocrine pancreas of transgenic mice. The aœ- and 6-cells normally found in the islets of Langerhans are 
rare and disordered. Well-vascularized B-cell tumours arise in mice harbouring and inheriting these hybrid oncogenes. 


INSULIN, a polypeptide hormone involved in the control of 
carbohydrate metabolism, is synthesized and stored in the 8- 
cells of the endocrine pancreas, from which it is released into 
the bloodstream in response to various signals. The endocrine 
pancreas is comprised of isolated islands or islets, which are 
dispersed throughout the larger mass of the exocrine pancreas; 
the islets consist of four major cell types, а, B, ô and PP, which 
synthesize the hormones glucagon, insulin, somatostatin and 
pancreatic polypeptide, respectively!?. Rat and human insu‘in 
genes have been cloned and analysed*-?. There are two non- 


allelic rat insulin genes that differ in nucleotide sequence and 


' in the number of introns; the rat insulin I and II genes have 


one and two introns, respectively? The two genes share a region 
of considerable sequence homology in the 5' flanking region, 
extending —300 base pairs (bp) upstream of the point of tran- 
scriptional initiation!^; the^ Baman gene is 7596 homologous 
over the first 240 bp of this region. Expression of hybrid genes 
using the:5' flanking regions of both the human insulin and rat 
insulin I genes occurs when they are introduced transiently into 
cultured cells derived from an insulinoma!' 
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Fig. 1 Structure of recombinant insulin/large-T antigen genes. 
The plasmids pRIPI-Tag (a) and pRIR-Tag (b) consist of the 
coding information of the SV40 early region fused to sequences 
derived from the 5' flanking region of the rat insulin II gene. Boxed 
regions denote insulin gene flanking DNA and the thick solid line 
refers to the SV40 early region. The cap site where insulin репе’ 
transcription initiates is indicated by an L-shaped arrow, and the 
associated transcriptional enhancer element!! (EH) is shown (the 
insulin gene promoter, which lies between them, is not indicated). 
The points of SV40 large-T antigen translation initiation and tran- 
scription termination are indicated by boxed ATG and A, respec- 
tively. The Bgil site in SV40 was converted to an Xbal site using 
an oligonucleotide linker, and the Xba/ BglI to Bam fragment 
comprising the SV40 early region?^ was linked to two different 
orientations of the insulin gene flanking region. This fragment of 
the SV40 early region includes the early mRNA cap sites, but lacks 
all known components of the SV40 early promoter. For RIP1-Tag, 
an Xba linker was inserted into the Ddel site at +8 bp relative to 
the point of initiation of insulin gene transcription, and the Bam 
to Dde/ Xba fragment from —660 to --8 was combined with the 
Xba/ Bam fragment of the SV40 early region and inserted as a 
Bam linear into a derivative of pBR322 that lacks the R1 site, and- 
includes а lacUV5 promoter in place of the R1 to Bam fragment 
of pBR. For thé plasmid pRIR-Tag, which carries the insulin 
flanking region in the opposite orientation, a Dde site at 520 was 
converted to an Xba site, and the Bam/ Xba fragment extending 
from +180 nucleotides past the cap to —520bp upstream was 
combined with the structural gene for large-T antigen and inserted 
into the same plasmid vector. The two hybrid genes were similarly 
prepared for microinjection, except that for RIR- Tag, the Bam 
\ insert was first purified from the plasmid vector by gel elec- 
trophoresis and electroelution, followed by passage over a DEAE- 
Sephacel column and pRIP1-Tag was linearized using SalI. The 
DNAs were extracted with phenol, chloroform, precipitated in 
70% ethanol, resuspended іп 10 mM NaCl, 5 mM Tris pH 7.4, 
0.1mM EDTA and passed through a 1-ml spin column of 
Sepharose CL6B, after which the DNA was diluted to concentra- 
tions of ~75 copies per pl for pRIP1-Tag/ Sal or ~20 copies per 
pl for the RIR- Tag/ Bam insert. The DNAs were injected into 
fertilized one-cell embryos essentially as described!^!5, except that 
the injected embryos were cultured overnight to the two-cell stage 
before being re-implanted into the oviducts of pseudopregnant 
females. The Е, embryos were derived from matings of B6D2F1 
(C57BL/6J x DBA/2J) males and females, obtained from the 
^. Jackson laboratory. 


` 


Here I seek to address aspects of insulin gene expression by 
the introduction of recombinant insulin genes into the mouse 
germ line, using microinjection of DNA into fertilized mouse 
embryos. This technique has been used previously to examine 
the control and consequences of expression of a number of 
genes'*~?, including two oncogenes. The complete simian virus 
40 (SV40) early region, including the viral transcriptional enhan- 
cer and promoter, is not expressed at detectable levels in normal 
tissues of transgenic mice harbouring it, but choroid plexus 
tumours heritably arise, and these tumours produce high levels 
of large-T antigen”. The cellular proto-oncogene c-myc, when 
linked to the long terminal repeat of mouse mammary tumour 
virus, is expressed in a number of tissues, including mammary 
cells, and two lines of mice heritably develop breast tumours”’. 

The recombinant oncogenes used here consist of regulatory 
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Fig. 2 An early pedigree of insulin/large-T antigen transgenic 
mice. A partial pedigree analysis is presented, to examine the 
heritability of the phenotype of premature death and islet hyper- 
plasia. Females are indicated by open circles, males by open 
squares and transgenic mice by solid circles and squares. The 
circled slash denotes premature death, with the age at death shown 
in weeks (w). A slash alone with a superscript K indicates the 
animal was killed and the dotted circle around a killed mouse 
denotes evidence of islet hyperplasia following histopathology. 
(M155 was killed but not examined for hyperplasia.) Each original 
transgenic mouse is assigned a genotype consisting of the name 
of the gene that was injected and acquired followed by a number 
which distinguishes it from the other independent mice carrying 
the same gene. Therefore, progeny of a particular mouse-can be 
readily identified as such (for example, all mice of genotype RIPI- ' 
, Tag2 are progeny of the original transgenic mouse 164). 


Fig.3(Opposite) Histology and pathology of normal and insulin/ 
T-antigen transgenic mice pancreas. A, Cresol violet-stained sec- 
tions of a normal pancreas and a pancreas derived from a transgenic 
mouse bearing solid tumours. a, Normal (non-transgenic) pancreas 
with a single islet in the centre and an adjacent blood vessel (x50). 
b, Part of a solid tumour (one of those pictured below) near two 
normal-sized islets (at the top) in M384 of the RIP1-Tag2 line 
(x50). c, A normal-sized islet from a non-transgenic mouse (X200). 
d, A normal-sized transgenic islet (from b) (x200). In all cases, 
exocrine cells show purple cytoplasmic staimng with somewhat 
deeper-coloured nuclei, whereas endocrine cell nuclei stain dark 
violet with minimal cytoplasmic staining. Note the denser packing 
of nuclei in all sizes of islets derived from the transgenic mouse 
relative to the normal mouse islet. Compare the normal islet ın a 
with the two small islets near the top of b and the higher magnifica- 
tions in c and d. The extent of cytoplasmic staining observed in 
the exocrine tissue varies with the length of time the sections were 
stored before treatment with cresol violet. B, Comparison of a 
whole pancreas from á normal mouse (a) with that of M384 (b), 
showing several vascularized solid tumours in the transgenic pan- 
creas (X25). 

Methods. Sections (14 jum) were taken on a cryostat from pan- 
creas flash frozen in liquid nitrogen, stored at —70?C and then 
mounted in tissue Tek OCT embedding medium and sectioned at 
—20 °С on to gelatinized microscope slides. The sections were fixed 
for 10 min in 4% paraformaldehyde in phosphate-buffered saline 
(PBS), washed in PBS and air dried. Sections were then rehydrated 
in PBS, treated in filtered cresol violet for 2 min, washed for 5 min 
in two changes of 70% ethanol, then washed twice for 2 min each 
in 90% ethanol, 100% ethanol and xylene and then mounted under 
coverslips in Gurr Fluromount. The cresol violet solution consists 
of 0.25% (w/v) thianin that had been dissolved by heating in 
200 mM hydroxyacetate plus 26 mM NaOH and stored at 50 °С. 


information associated with the rat insulin II gene linked to 
protein'coding information for the oncogene SV40 large-T anti- 
gen (Tag). The rationale for using such a hybrid is threefold: 
(1) to examine the ability of the insulin sequences to mediate 
correct tissue- and cell-type specific expression in the B-cells of 
the endocrine pancreas, using a readily identified and distin- 
guishable marker protein (a viral antigen); (2) to examine the 
consequences to the organism of tissue-specific expression of 
an oncogene, in particular the possibility that SV40 large-T 
antigen might induce f-cell proliferation and consequent 
oncogenesis; and (3) to assess the prospects that oncogenes can 
be used to facilitate the establishment of stable cell lines from 
rare cell types specifically expressing such fusion genes. This 
report describes analyses pertaining to the first two of these 
questions. : 


NATURE VOL 


315 9 MAY 1985 


Fig. 3 


117 





a P s 


à 


Of 9? 9 Me 

p 2: ж, + 2 

EO Ad Me Ao E 
AS 


er 


















































Hybrid gene constructs 

Two hybrid genes were constructed to combine DNA 5' to the 
| ing sequences of rat insulin 11 gene with the large-T antigen 
structural information. This 5' flanking region includes the 
їп gene promoter as well as a transcriptional enhancer 
nt that stimulates initiation of transcription in cultured 
ma cells but not in fibroblasts!'. The first configuration, 
i RIP! (rat insulin promoter 1) carries the insulin control 
aligned to promote transcription of the large-T antigen 
(Fig. 1). The two genes were linked together in regions 
ponding to the 5' untranslated portion of each messenger 
The resulting hybrid gene, RIPI-Tag, thus comprises a 
lete transcription unit with 660 bp of sequence located 5' 
point of transcriptional initiation of the insulin gene linked 
in coding and termination information from the early 


“second configuration, denoted RJR-Tag (rat insulin 
, includes 520 bp of DNA 5' to the insulin gene and the 
80 bp of the transcribed portion of the gene. In this hybrid, 
‘omoter element for insulin gene transcription is inverted 
| spect to the coding information for SV40 large- T antigen, 
d, therefore, does not comprise a fusion in the 5' untranslated 
egions of the two genes, but rather includes an inverted pro- 
er and enhancer region linked to the Tag structural gene, 
own in Fig. 1. Both hybrid genes lack the SV40 early 
moter and transcriptional enhancer element, and each 
ludes protein coding information for SV40 small-T antigen, 
is well as for large-T, because the two proteins are derived from 
primary transcript of the SV40 early region by differential 
splicing of overlapping introns” 

The two fusion genes were injected into fertilized one-cell 
use embryos, which were then inserted into the oviducts of 
eudopregnant female mice and allowed to develop. Four 
isgenic mice were produced from the RIPI-Tag injections 
ne from the RIR- Tag injections. The apparent heterozy- 
sous copy number (per diploid genome) of the acquired DNA 

iged from —1 for mouse 87, which carries RIR- Tag, to —5 
mouse 163, which carries and i is genotyped as RIPI-Tag!, 
nd 5 for mouse 164 (RIPI-Tag2). Two of the founder mice 
5 and 168) were mosaic for the acquired transgene, using 
he criteria of infrequent transmission to progeny and lower 
pparent copy number in the founder than in its progeny. The 
on-mosaic progeny of M165 (RIPI- Tag3) have copy numbers 
f ~25, whereas those of M168 (RIPI-Tag4) have —12 copies 
er diploid genome. In each case of multiple copies, genetic 
nd biochemical analysis indicates that the genes are heterozy- 
ous and integrated in a single location (data not shown). 


henotype of transgenic mice 


During the initial breeding analysis of the insulin large-T antigen 
ansgenic mice, a phenotype of premature death emerged. The 
ree original non-mosaic mice died at 9-12 weeks of age. Two 
e transmitted the transgene to offspring before dying, 
hereas the third (M163) did not. Surprisingly, this phenotype 
ppeared with the RIR- Tag gene, which has the insulin pro- 
ioter inverted with respect to the large- T antigen coding region, 
s wellas with the RIPI- Tag gene, in which the insulin promoter 
aligned to transcribe the large-T antigen gene. 
€ phenotype of premature death proved to be heritable and 
теваюй with the acquired hybrid gene; the partial pedigree 
2 illustrates this observation. The penetrance is virtually 
mplete in the early generations. The analysis that follows 
eals primarily with the progeny of the two original non-mosaic 
ice that transmitted —M164 (RIPI-Tag2) and M87 (RIR- 
Тар). Progeny of each were killed and subjected to pathological 
and biochemical analysis. The only obvious abnormal pathology 
onsisted of hyperplasia of the islets of Langerhans, determined 
following standard histochemical staining of tissue sections. 
umours were observed in a few of these mice. Figure 3a 
representative pancreas sections of a normal mouse and 


a transgenic mouse (M384, RIPI- Tag2) that- carried visible the -hyb id Benes. into the r mou e 


tumours; both were —12 weeks old. Sections were stained with 
cresol violet, which distinguishes the endocrine islets from the 
surrounding exocrine tissue. Sections from M384 showed nor- 
mal-sized islets, enlarged (hyperplastic) islets and solid tumours. 
All stained with similar characteristics, and were identifiable as 
islet-like regions by comparison with normal islets. Note, 
however, that all islet-like areas in the transgenic mouse appear 
more densely packed with cells than do the normal mouse islets, 
demonstrated by comparison of Fig. 3A c and d. 

Analysis of the mice listed in Fig. 2 shows that all transgenic 
mice in these two lineages have the phenotype of islet hyper- 
plasia (if killed) and/or premature death. Before their sudden 
death, the mice seem normal in appearance and activity. The 
pedigree stops at the generation during which the mice were 
placed on a high sugar diet to counteract indications that they 
were hypoglycaemic, which is a probable consequence of islet 
hyperplasia, and a possible cause of sudden premature death. 
Subsequent generations, maintained on this diet, now live some- 
what longer and heritably develop solid tumours of the pancreas 
between 10 and 20 weeks of age. An example of a pancreas 
containing several tumours is shown in Fig. 3B. These tumours 
eventually comprise a significant fraction of the mass of the 
pancreas and are highly vascularized. Individual tumours can 
reach a size of 5 mm in diameter, with up to five or six separate 
tumours visible in a pancreas. There is no indication that the 
tumours metastasize other organs. 


Cell-type specificity 

To evaluate the observed hyperplasia of the islets of Langerhans, 
| examined normal and transgenic mouse pancreas for 
expression of both SV40 large-T antigen and polypeptide hor- 
mones characteristic for the major cell types. Thin sections wére 
prepared from fresh frozen pancteas obtained from two trans- 
genic mice (M384, RIPI-Tag2, and M306, RIR- Tag) carrying 
visible pancreatic tumours as well as from a normal mouse. The 
sections were analysed by immunostaining using antisera to 
glucagon, insulin and somatostatin and each visualized with 
rhodamine-conjugated second antibody to identify the a-, B- 
and ó-cell types of the islets. Large-T antigen was identified 
using both a polyclonal antiserum and monoclonal antibodies, 
each visualized by horseradish peroxidase-conjugated second 
antibody. Figure 4a shows representative immunostains of 
normal (non-transgenic) islets for the presence of insulin, 
large-T antigen, glucagon and somatostatin. The islets are 
comprised predominantly of a- and B-cells with fewer 8-cells; 
no cells react with antibodies to large-T antigen. Controls 
using second antibodies alone show no specific staining (not 
shown). 

The islet tumours (Fig. 4b, c) in contrast, seem to consist of 
solely of insulin-producing cells, identifiable as B-cells by 
immuno- and histochemical staining. Glucagon- and somatos- 
tatin-producing cells are rare if not completely absent from the 
tumours. Characteristic localization of large-T antigen to the 
nucleus is observed in the islet tumour cells; it is clearly absent 
from adjacent exocrine cells. Evidence from both polyclonal 
serum (shown) and monoclonal antibodies (not shown) indi- 
cates the same pattern of large-T antigen expression. By these 
criteria, the islet tumours are essentially pure populations of 
proliferating B-cells. Occasional clusters of a-cells, perhaps 
remnants of an islet, can be detected on the edges of a tumour. 
Thus, both hybrid oncogenes specifically induce proliferation 
of the 8-cells of the islets of Langerhans, eventually resulting 
in the appearance of pure §-cell tumours. In comparison, 
naturally occurring insulinomas are characteristically a mixed 
population of both B- and 6-cells, producing insulin and 
somatostatin, respectively?®?, 





Tissue-specific expression 


The ability of the insulin control region to mediate tissue-specific | 
expression of the SV40 large-T antigen following integration of. 
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Fig.4 Analysis of islet cell hormone 
and large-T antigen expression in a 
normal mouse and two tumour- 
bearing transgenic mice. Each 
column shows an analysis of one 
mouse: a, normal (non-transgenic); 
b, 384 from the RIPI-Tag?2 line; c, 
306 from the RIR- Tag line. In each 
case, near (but not necessarily adja- 
cent) thin sections were analysed for 
the presence of the specified antigen 
by using an antiserum to that antigen 
followed by a conjugated second 
antibody to visualize the first. The 
first row examines insulin, the second 
and third rows large-T antigen, the 
fourth row glucagon and the fifth row 
somatostatin. Magnification is X50 
except for the third row, which is 
x200. The use of second antibodies 
alone gives no specific staining. In a, 
insulin and glucagon plates are of 
the same cluster of islets, whereas the 
somatostatin and large-T antigen are 
of other islets, because that cluster 
was not present in those sections. The 
immunostains for the hormones were 
visualized with rhodamine-conju- 
gated second antibody and epifluros- 
cent illumination, whereas the 
immunostain for large-T antigen 
used peroxidase-conjugated second 
antibody, and was viewed under 
bright-field illumination. b, с, 
Orientation of all the plates is the 
same. The islet tumour is on the bot- 
tom, with adjacent exocrine tissue 
above it. Column b is aligned so the 
tumour is a centred arc, whereas the 
plates in c have the tumour ascending 
to the right. The glucagon and | 
somatostatin plates of b and c are of 207810510110 

sections near those used for insulin 

and large-T antigen; the outline of 

the exocrine/tumour boundary can 

be seen in each. The x200 plates of 

large-T antigen also show an exo- 

crine/tumour boundary, in which 

peroxidase staining occurs in nuclei 

in the tumour tissue but not in the 

exocrine tissue. 

Methods. 14-um sections were taken 

as described in Fig. 3 legend, except that for the large-T antigen immunostaining the sections were not fixed, but rather air dried on 
gelatinized slides. The hormone immunostains were performed on paraformaldehyde-fixed sections as in Fig. 3. Sections were rehydrated in 
Net-Gel (150 mM NaCl, 5 mM EDTA, 50 mM Tris pH 7.4, 0.25% gelatin, 0.02% NaN;, 0.05% NP40), then treated for 30 min in blocking 
solution (45% Net-Gel, 45% Dulbecco's modified Eagle's medium, 10% fetal bovine serum, 1% bovine serum albumin (BSA), 0.5% NP40). 
The sections were then incubated overnight at room temperature in the first antibody, in a bincing solution (blocking solution without BSA), 
washed several times for 30 min in Net-Gel, incubated with second antibody in binding solution for 3h at room temperature, and again 
washed in several changes Net-Gel. The sections treated with rhodamine-conjugated second antibody were taken through graded alcohol into 
xylene and mounted under coverslips in Gurr Fluromount+2% diazabicyclooctane. The large-T antigen sections were visualized with 
horseradish peroxidase-conjugated second antibody, which was developed by treatment for 10 min in 0.25 mg ml ! diaminobenzidine, 3 mg ml"! 
nickel sulphate, 0.003% H,O,. The slides were then washed several times in Net-Gel and mounted. The antisera, sources and dilutions are 
as follows: guinea pig anti-porcine insulin (gift of R. Santerre) 1:5,000; rabbit anti-large-T antigen (a gift of D. Lane) 1:2,000; rabbit 
anti-human glucagon, Dako A565, 1:1,000; rabbit anti-human somatostatin, Dako A566, 1: 1,900; horseradish peroxidase-conjugated swine 
anti-rabbit IgG, Dako P217, 1:200; rhodamine-conjugated goat anti-guinea pig IgG, Capel 2207-0081, 1: 200; rhodamine-conjugated sheep 
anti-rabbit IgG, Capel 2212-0084, 1:200. 








protein blotting analyses, using monoclonal antibodies that 
specifically recognize large-T antigen. Figure 5a presents a com- 
parison of pancreas from several mice, including one normal 
(non-transgenic) mouse, several insulin/large-T antigen trans- 
genic mice, and one carrying a collagen/large-T antigen fusion 
gene (M410) which therefore lacks the insulin gene sequences 
(D.H., unpublished results). M287 and M289 are siblings in the 
RIPI-Tag2 lineage (see Fig. 2); M287 had large solid tumours 
whereas M289 did not, which illustrates the difference in levels 
of expression observed in mice of the same age and genotype 
with and without solid tumours. M277 contains immunoprecipit- 


able large- T antigen, demonstrating that the RIP1- Tag3 lineage 
derived from the founder M165 also expresses the fusion gene. 
Large-T antigen is not detectable in a normal (F,) pancreas or 
in the transgenic mouse (M410) that lacks the insulin gene 
regulatory region. The RIR- Tag transgenic mouse 155 does not 
show expression in the blot demonstrated here, but other analy- 
ses show a low level of large-T antigen. The RIPI- Tag4 lineage, 
exemplified here by M274, does not show detectable expression 
of large-T antigen by protein blotting. However, pancreatic 
tumours occasionally arise in this line, which indicates that the 
RIP1-Tag4 insertion can express. 
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Тһе tissue specificity of fusion gene expression was evaluated 
urther by comparing a number of different tissues from two 
ісе (Fig. 5b, с), progeny of the two founders M164 and M165. 
oth show tissue-specific expression of SV40 large-T antigen, 
s only pancreas is producing immunoprecipitable protein that 
o-migrates with authentic large-T antigen. Some degradation 
f the antigen in pancreatic tissue is observed routinely; it is 
ot clear whether this represents a normal situation in the B-cells 
t is simply a consequence of the protein isolation procedure. 
Analysis of a mouse from the RIR- Tag lineage also shows 
Xpression only in the pancreas, as does a similar examination 
f the tissues of mouse 163 (RIPI-Tag1) (not shown). In a 
normal pancreas, insulin-producing B-cells comprise only —1- 
% of the total cell mass'?. Therefore, a lower limit can be 
stablished for inappropriate expression: either <~1% of the 
Ils in another tissue could be expressing at levels comparable 
ith those іп 8-cells, or all the cells in an inappropriate tissue 
ould be expressing at levels of <1% of those observed in the 
let cells. Within these limits, the expression of both 
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Fig. 5 Tissue specificity of transgene expression. The presence of 
SV40 large-T antigen in tissues was evaluated by protein blot- 
ting??*°, in which tissue homogenates were immunoprecipitated 
with a monoclonal antibody (PAb 419) (ref. 41) to T antigen, 
fractionated on a 10% SDS-polyacrylamide gel, transferred to 
nitrocellulose by electroblotting and visualized with a second radio- 
labelled monoclonal antibody (PAb 416), which recognizes a differ- 
ent epitope on the proteint’. a, Pancreas from several mice аге 
compared. F, is a non-transgenic mouse, M155 an RIR- Tag trans- 
genic, M274 is RIPi-Tag4, M277 is RIP1-Tag3, M287 and M289 
are from siblings from the RIPI-Tag2 lineage, with M287 having 
visible tumours and M289 only hyperplastic islets, and M410 is a 
mouse harbouring a type I collagen/SV40 large-T antigen fusion 
gene. To provide a control of authentic large-T antigen, total 
protein from a lysate of the SV40-transformed monkey cell line 
cos A2 (ref. 42) was immunoprecipipitated and similarly treated, 
except that only 5% as much protein was used compared with the 
amount of pancreas protein. b, c, Tissue specificity of large-T 
antigen expression in the RIPi-Tag2 (c) and RIPI-Tag3 (b) 
lineages. Equal concentrations of each tissue were examined: bw, 
body wall; br, brain; h, heart; int, intestine; k, kidney; li, liver; 
lu, lung; m, muscle, p, pancreas; sk, skin, st, stomach; tes, testes; 
thy; thymus; ut, uterus. A separate analysis indicates that no large- T 
antigen can be detected in body wall, brain or heart of M287 (not 
shown). The radiolabelled antibody PAb416 sticks to the vast 
excess of immunoglobulin protein used in the immunoprecipita- 
tion, thus generating a band of relative molecular mass 55,000 in 
all samples. This band is further identifiable as IgG using either 
radiolabelled protein A or rabbit anti-mouse IgG. 

Methods. Tissues were flash frozen in liquid nitrogen, stored at 
—70*C, and then homogenized in 50 mM Tris pH 7.2, 5 mM MgCl, 
1 mM CaCl, 10 mM dithiothreitol, 1% NP40, 100 ug ті! DNase 
І, 50 реті! RNase A, 75yugml'^! phenylmethylsulphony! 
fluoride. Protein concentrations were determined using the Bio- 
Rad protein assay reagent. 500 yg of tissue protein or 25 ug of cos 
cell protein was incubated overnight at 4 °С with 100 pl of tissue 
culture supernatant containing the monoclonal antibody PAb419, 
and then precipitated with 100 yl of 3% protein A-Sepharose 
(Pharmacia) for several hours. The immunoprecipitate was frac- 
tionated on a 10% SDS- polyacrylamide gel, transferred to nitrocel- 
lulose by electroblotting overnight, incubated first in a blocking 
solution (Fig. 4) for 12h and then in a binding solution (Fig. 4) 
containing 10° c.p.m. ті! of PAb416, which had been radiolabel- 
led with '*°] using the chloramine-T method. The blots were washed 
in Net-Gel and exposed with intensifying screens onto Kodak 

XAR film. 


insulin/large-T antigen hybrid genes is tissue specific to the 
pancreas. Taken together with the immunohistochemical analy- 
sis, the transferred insulin sequences are specifying correct 
expression in the B-cells of the endocrine pancreas. 


Penetrance and the onset of oncogenesis 


The relationship between large-T antigen expression and the 
development of B-cell tumours bears on possible mechanisms 
for oncogenesis. The two previous examples of oncogene 
expression in transgenic mice give contrasting results". An 
apparently dormant SV40 early region is activated to express at 
high levels, and frequently amplified, in the development of 
choroid plexus tumours". In contrast, a murine mammary 
tumour virus myc fusion gene is expressed in all mammary 
glands and in several other tissues before oncogenesis, which 
occurred in only 1 of the 10 mammary glands, implying that a 
secondary event is required to elicit tumour development??. In 
the insulin/large-T antigen transgenic mice examined to date, 
a similar pattern emerges. No more than 4 or 5 of the ~100 
islets in a pancreas develop into solid 8-cell tumours, which 
are highly vascularized and readily distinguishable from normal 
pancreatic tissue (Fig. 3B). Yet most islets show hyperplasia 
and all islets examined have increased B-cell density. Further- 
more, the B-cells seem to be expressing the hybrid genes well 
before the development of hyperplasia and tumours, as is 
demonstrated in an examination of the pancreas from an 8-week- 
old mouse (M633) in the RIPI-Tag2 lineage. This mouse 
exhibited normal pathology and histology, in particular showing |, 
no hyperplasia or visible tumours in the pancreas. Thin sections г. 
were prepared. from the pancreas and stained with antibodi 
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for insulin and large-T antigen; a representative analysis of a 
pair of islets is shown in Fig. 6. Large-T antigen is expressing 
in both of these islets, as well as in all other islets examined in 
this pancreas. Thus, large-T antigen is expressing in the B-cells 
.. Of a young mouse before emergence of obvious hyperplasia and 
. solid tumours. 

The interpretation of these observations is that the hybrid 
-insulin/large-T antigen genes are expressed in all B-cells, 
thereby inducing their prolifieration, which leads to initial hyper- 
plasia followed by oncogenic transformation. The development 
of solid tumours occurs in only a few of the islets, which indicates 
that additional events are probably necessary to mediate the 
rapid proliferation and extensive vascularization characteristic 
of the B-cell tumours. It will be of interest to distinguish between 
two possible classes of transformation: (1) an islet-specific 
change which affects most of the B-cells in an individual islet; 
and (2) a rare cell alteration that then produces a clonal tumour 
arising from that one altered cell. 


Ne . Cell-cell interaction 


Examination of the distribution of cell types in islets of these 
transgenic mice shows that islets.of every size class (small, 
normal, enlarged, tumour) are densely packed with В-се!ѕ. 
Furthermore, the a- and ó-cells are disordered and rare. Com- 
parison of the glucagon immunostains of normal islets (Fig. 1) 
and islets of the young transgenic mouse 633 (Fig. 6) shows that 
the characteristic peripheral distribution of a-cells has been 
disrupted and that their total number is reduced. Similarly, the 
normal polar organization of ó-cells is disordered and the 8-cell 
number severely retarded. This applies to every islet examined 
in this pancreas, in analyses that included sections taken to 
include different anatomical regions. These results suggest that 
during biogenesis of the islets, the a- and 5-cells are either 
sterically excluded or specifically suppressed by the altered 
B-cells. 


Conclusions 


The results presented here demonstrate that DNA within 520 
bp upstream of the rat insulin I gene is sufficient to mediate 
qualitatively correct tissue- and cell-type-specific expression of 
hybrid insulin/SV40 large-T antigen genes. Protein blotting 
analysis of four mice harbouring independent insertions of such 
genes demonstrates expression only in the pancreas among the 
major tissues examined. The in situ analyses of thin sections 
from the pancreas demonstrates that this expression is cell-type 
specific, as large-T antigen is only detected in the insulin- 
producing B-cells of the islets of Langerhans. 

The specification of tissue- and cell-type expression by the 
insulin gene 5’ flanking region occurs in both possible orienta- 
tions when it is located upstream of the large-T antigen structural 
gene. Both tissue specificity and bidirectionality are qualities 
previously associated with Кайгспрцова enhancer elements 
using transfection of cultured cells**”*. It is not clear whether 
this flanking region carries an additional real or cryptic promoter 
element oriented away from the insulin gene, or whether non- 
specific initiation of transcription is occurring in the RIR-Tag 
hybrid gene. RNA analyses will be necessary to address these 
possibilities. 

There are three phases to the phenotype elicited by these 
hybrid oncogenes: the development of disordered islets, the 
subsequent enlargement of those islets into obvious hyperplasia 
and the formation of solid tumours. In young mice, the islets 
. are of normal size, but densely packed with B-cells. The organiz- 

ation of both æ- and 8-cells is disrupted and numbers of each 


d severely reduced, 5-cells being particularly rare. These results 


suggest that islet cells interact to maintain a proper balance, 

and the transgenic B-cells effectively reduce a- and 8-cell num- 

ber and organization by retarding their normal cell development. 

This possibility motivates a 

tion of PP cells in the islets and islet tumours of these mice, 

because PP cells, like 8-cells, are often found at significant levels 
in naturally occurring insulinomas. 





the B-cell structure, organization and/or vascularization is inap- 


similar examination of the distribu-- 
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` Fig. 6 Immunohistology of islets in the pancreas of a you 
transgenic mouse. Mouse 633, from the RIPI-Tag2 linea 
killed at 8 weeks of age and its pancreas flash frozen.in liq 
nitrogen, sectioned in a cryostat and analysed for the expressio! 
of islet cell hormones and large-T antigen as described in Fig. 
legend. The two islets shown are representative of all islets in the 
and other thin sections from this pancreas. The sections used for 
insulin on large-T antigen are near but not adjacent and the islet 
sizes have changed somewhat across that distance ( x50). 


The prospect of disruption in islet-cell interactions is intri; 
ing in view of observations that each of the three hormo 
influences secretion of the other two by their respectiv 
types. Somatostatin inhibits the release of both insulin an 
glucagon, insulin inhibits the release of glucagon and somato 
tatin, whereas glucagon stimulates secretion of insulin 
somatostatin (see, for example, ref. 30). The organization of the 
endocrine pancreas into separate islands has led to suggestions 
that the islet cells arise from a common stem cell? The 
character of the alterations in islet composition produced: by 
the insulin/large-T fusion gene should allow more detailed 
examination of islet biogenesis. If islet cell types are interacting 
through growth factors, the results presented here suggest that 
they are probably suppressors of cell growth rather than 
inducers. Insulin itsel? is one candidate for such a suppressive 
growth factor. i 

The dense packing and disorganization of islets is followed 
by their expansion (hyperplasia), which seems to be a direct 
consequence of the expression of large-T antigen. Preliminary 
analysis indicates that serum insulin levels are elevated (two- 
to ten-fold), but not in proportion to the increased number 0! 
insulin-producing cells (7 100-fold), which implies that either 
normal regulation of insulin secretion remains in effect, or that 


propriate for effective secretion. Isolation of B-cell lines from 
these transgenic mice should be facilitated by the ability o 
large-T antigen to establish (or immortalize) primary cells to 
growth in culture, with large-T antigen synthesis here maintained 
by the co-expression of the insulin and insulin/large-T antigen 
genes in B-cells. The availability of such 8-cell lines will allow 
more detailed examination of the characteristics of altered 
cells. We may now examine how islet disorganization is corre- 
lated with changes in glucagon, somatostatin and insulin serum 
levels over a detailed timescale. It seems likely that the mice 
described in this study suffer from serious alterations in regula- - 
tion of carbohydrate metabolism and that the explanation of - 
their premature death does not simply result from excessive 
insulin in their serum, but also involves other factors. 
Solid B- cell tumours eventually develop from a few of the : 
hyperplastic islets. Tumour development occurs between 10 апа 
20 weeks of age, is heritable and has occurred in all progeny. 
of the two lines (RIP1-Tag2 and RIR- Tag) in which mice have © 
lived to this age, and is occurring now in the RIPI-Tag3 line. 
The solid tumours are frequent in the sense they arise in every 




























































puse harbouring these genes, although they occur only in a 
fraction of the islets. The characteristics of tumour formation 
ggest that synthesis of large-T antigen is necessary but 
nsüfficient to produce that condition in every islet: Large-T 
ntigen is of a class of oncogenes that can both immortalize 
rimary cells and release (or transform) cultured cells from their 
rmal growth controls, such as contact inhibition and depen- 
ence on serum growth factors?*. Yet, in vivo SV40 virus will 
duce tumours in mice only after a long latent period; 
oncogenesis seems to be related to the efficacy of the immune 
esponse and the presence of large- T antigen on the cell surface 
vell-as in the nucleus ?-7?. There is no evidence of an immune 
response to hyperplastic islets, nor of large-T antigen оп the 
urface of B-cells; it remains to be established whether the 
requency of solid tumour formation is associated with an escape 
rom immune surveillance. A similar hybrid gene, composed of 
e 5’ lanking region of the rat elastase gene linked to the coding 
formation for SV40 large-T antigen, produces tumours of 
Xocrine pancreas in transgenic mice (R. Brinster and 
almiter, personal communication), which further indicates 
antigen is oncogenic in mice. Given that large-T antigen 
nthesis is the primary event, there are other potential secon- 
ary alterations that may be necessary to induce the development 
olid B-cell tumours. These include activation or inactivation 
f growth factors or receptors, or the cooperation of another 
ncogene ^7, It is well established that nascent tumours cannot 
Xceed certain size constraints without becoming vascularized; 
thus the induction of angiogenesis® is probably one (if not the 
гопіу) secondary event necessary for solid tumour development. 
Biochemical and further histochemical comparisons of the islets 
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Halley's comet (1982 i) is now bright enough for broadband photo- 

ry by large infrared telescopes'^. We report here on photo- 
metry of the comet in the B (0.44 pm), J (0.55 рт), V (1.25 pm) 
and К (2.2 um) broadband filters during a time when the coma 
was very weak and presumed to contribute negligibly to the broad- 
band photometry. The V —J and J ~ К colours suggest that the 
;eotour of the nucleus of Halley’s comet is similar to that of the 
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before and after the predictable development of tumours may: 
provide insight into these possibilities. 

The ability to examine the pre- and postnatal development 
of the endocrine pancreas as well as heritable oncogenesis, using 
as markers the hormone gene products of these cell types and 
the SV40 tumour antigen, will provide a means to examine the 
consequences of cell-specific oncogene expression and the 
ontogeny of the effects reported here, as well as to address 
further aspects of the control of insulin-gene expression. It 
will be of interest to compare different recombinant 
insulin/oncogenes (such as myc and ras) for their effects on 
islet-cell biogenesis and cell-cell interaction, and on secondary 
events necessary for the development of 8-cell tumours.: 
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America. This work was funded by the Robertson Research 
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from Monsanto Company. 
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D-type asteroids, which in turn suggests that the surface of the 
nucleus is of albedo « 0.1. 

The first detection of Halley's comet in the near-infrared was 
made on 20 Décember 1984, when the comet was 5.39 AU from 
the Sun'. Our new observations at J and K were made on 
February 18.3 and 20.3, 1985 with the 3-metre NASA Infrared 
Telescope Facility (IRTF) at Mauna Kea, Hawaii, and measure 
reflected sunlight, not thermal emission from the comet itself. 
Simultaneously, we obtained B and V filter data with the 22- - 
metre University of Hawaii telescope, also on Mauna Kea. All 
data were corrected for extinction and system response by com- 
parison with standard stars. Table 1 gives the results of the 
observations, together with the comet's distances from the Earth 
and the Sun, and the solar phase angles. The B and V photo- 
metry was done with a 9.5-arcs diameter aperture, with sky 
measurements of the same field taken after the comet had moved 
completely away. With the IRTF we used an 8-arcs aperture 
and a 20-arc s amplitude oscillation of the telescope's secondary: 


mirror to correct for the sky radiation. Both telescopes were set ve 


to follow the apparent | motion or the comet : across Phe sky. Wi 
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Fig. 1 VJK colour-colour plot of numerous planetary satellites, ` 


asteroids and comets. J, S and U refer to satellites of Jupiter, Saturn 

and Uranus, respectively. The fields for C, P and D-type asteroids 

are shown schematically, based on our data for 6 Cs, 5 Ps and 

6 Ds. The two data points with error bars shown in the D field are 

the results for Halley’s comet reported in the present work. This 
figure is reprinted, with modifications, from ref. 7. 


could not see the comet visually through either telescope; it was 
located by means of a two-body ephemeris (computed by 
D.J.T.). The 2.2-metre telescope was then peaked on the signal 
through the B filter where the signal was strongest. The IRTF 
was then directed to the comet by precision offsets from field 
stars (observed by D.J.T.). 

The question of how much light is contributed in the various 
filter bands by the weakly developed coma around Halley is an 
important factor in the interpretation of the photometry reported 
here. On 24 January 1985, a very weak coma was observed in . 
3-min unfiltered exposures with a charge-coupled device (CCD) 
on the 2.2-metre telescope (C. R. Chapman, D.P.C. and J. M.- 
Pasachoff), The coma was ~5 arcs in diameter and was also 
very weak in long exposures (24 min) with a filter centred on 
the H,O* emission band at 7,025 А. We do not have a corre- 
sponding CCD image of the comet at the time of our February 
photometry. 

The V-filter used in this work extends from about 5,200 to 
6,000 À (2096 transmission points) and misses most of the 
emission in the C; Swan band at 5,150 A. It includes all of the 
weaker C, band at 5,550 А. The B filter includes the С; band 
at 4,030 A and С, at 4,700 A. All of these bands are prominent’ 
in bright, active comets. The J filter includes the CN (0—0) 
band in very. bright comets, such as West (1976 vi)*. A pre- 
liminary evaluation of spectrophotometric observations 
obtained in February by A. L. Cochran (personal communica- 
tion) showed no significant emission of CN or C;, thus suggest- 
ing that our V filter measurements are not seriously contami- 
nated by coma emission bands. Similarly, the J filter is not 
expected to be contaminated because of the weakness of the 
CN (0—0) band. We note that any emission in the V filter 
would serve to lessen the V —J colour. Thus, the V —J values > 
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plotted in Fig. 1 are lower limits, and the comet was at least as 
‘red’ as we show. 

Table 1 gives the observed magnitudes and J(1, 0), the J mag 
reduced to unit distance from Earth and Sun and corrected е 
zero phase, assuming a phase coefficient of 0.039'тар deg !, 
value commonly used for asteroids in the V filter. We alo 
include a nearly contemporaneous measurement of J and K 
from Brooke and Knacke’. In the present discussion, the colours 
V — J and J — К are of most interest. For February 18.3, we find 
V—J=1.6+0.2 and J—K =0.7+0.3. The mean of the three 
independent determinations of the B — V colour is 0.6 € 0:1. 

The interpretation of these colours in the context of the small 
bodies of the outer Solar System (OSS) requires a brief dis- 
cussion of previous work on this subject. In a series of recent 
papers, we reported photometry of OSS bodies with emphasis 
on the colours of ices and soils on their surfaces. On bright 
objects, various ices (water, methane and sulphur dioxide) and 
mineral components of soils have been identified by medium- 
resolution spectrophotometry. Broadband filter observations can 
be used in conjunction with the spectrophotometry of the 
brighter objects to establish correlations between VJK colours 
and, spectral classes (related to surface compositions). These 
correlations are assumed to apply to the fainter bodies for which 
only VJK photometry can be obtained at an adequate signal-to- 
noise ratio with presently available instrumentation. Halley's 
comet falls into this latter class because of its faintness at the 
solar distance when,we observed it. At much smaller solar 
distances, the coma could be expected to develop to the point 
where the nucleus itself is no longer visible and the measure- 
ments would refer instead to the material in the coma. 

Among small bodies in the OSS we have found a range of 
VJK colours from relatively blue to red, with clumping at the 
extremes, as shown in Fig. 1. The satellites of Jupiter, Saturn 
and Uranus (keyed with J, S and U, respectively) are known 
from spectrophotometry to be dominated by water ice, with 
increasing ice abundance towards the lower left part of the 
figure. Satellite J4 (Callisto) has the weakest ice bands in its 
spectrum. The D, P and C-type asteroids define three fields in 


‚ the V —J and J — К colour diagram, as indicated by the enclosed 


areas in the figure. 
The trend. in the colours shown in Fig. 1 can be interpreted 


. if OSS bodies are composed of mixtures of ice and dark (car- 


bonaceous?) condensates. The surfaces, then, are mixtures of 
bright ices and dark soil, and the ratio of the two components 
determines colour and albedo. The ice/soil ratios are determined 
in turn by geological processes on the bodies. The VJK colour 
diagram is remarkably effective for discriminating between the 
C and D subtypes of dark materials. The redder D-type (abun- 


- dant among Trojan asteroids) is isolated in the upper right part 


of Fig. 1, while the more neutral C- and P-types fall in the right 
centre. 

The C-type asteroids in the outer belt are believed to resemble 
carbonaceous meteorites containing up to some 2096 water. 
They are black objects with albedos of —0.04 and flat spectra. 


. The D-type objects have similar low albedo but a more reddish- 


black colour. Gradie and Veverka? concluded that the D-type 
objects are coloured by organic material representing a lower 
temperature condensate than the carbonaceous material colour- 


Table 1 Photometry of Halley's comet 





1 Date r(AU) A(Au) p 
Birkett et al! 20.5 Dec. 1984 5.39 4.42 24*' 
Hanner and Tokunaga? 18.3 Jan. 1985 5.12 4.30 6.6° 
Brooke and Knacke? 17.3 Feb. 1985 4.84 4.45 11.2° 
Present work 18.3 Feb. 1985 4.83 4.46 11.3? 
: Present work 19:3 Feb. 1985 4.82 4.47 11.5 
Present work 20.3 Feb. 1985 4.81 4.48 14.5? 


* B and V measurements at the 22-m telescope (by D.J.T.). 


B y J K J(1,0) 

= = 18.6+0.1 = 11.6+0.1 

== zm 18.440.2 = 11.4402 
20.22+0.05* 19.50+0.06* 185402 17.8403 119402 
20.18 + 0.05 19.5640.07t 178403 172503 10.6403 
20 08 + 0.08 19664009 . — = = 
20.3240.060$ _ 19.66£0.09 181402 17.4402, 11.0402 


f Derived from B measured on this night and B — V determined on February 17, 19 and 20. 
+Average of two measurements: at 0648 UT, В = 20.28 +0.05; at 0842 ut, В = 20.35 3: 0.06. 
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ing the C-types. This would be consistent with formation of the 
D-type objects at a great heliocentric distance. Gradie and 
Veverka predicted that the D-type material ought to dominate 
the silicate component in the outermost Solar System and might 
comprise the dusty constituent in comets®. Our observations of 
several comets, some of which were active and some of which 
were not, confirm that comets always lie near the D, P and 
C-class asteroid colours, as shown in Fig. 1. No comet'observed 
by us has a colour consistent with clean ice, and the niajority 
of them have colours just offset from the D colours. The ices 
of comets are therefore coloured by dark dust similar in colour 
to D-class asteroid material, in excellent agreement with the 
Gradie- Veverka prediction? that comets contain D-type dust. 

We note that the mean B-V colour of Halley's comet is also’ 
consistent with D-type asteroids?. Because the comet is near to 
the brightening curve of an asteroid, and because of the minimal 
coma and emission in our wavelength regions, we may be seeing 
the nucleus. If so, the nucleus may have the appearance of a 
D-type asteroid, with a radius of about 10 km (calculated from 
equation 2 in ref. 13, using albedo 0.04). Alternatively, the 
nuclear condensation. we observed may have been a swarm of 
particles. If those particles were macroscopic in size, colouring 
effects due to scattering by particles smaller than the wavelength 
of our observations should be minimal, and the albedos of the 
individual fragments would be of the order of 0.04. 

Table 1, particularly the column for J(1, 0), shows that the 
reduced brightness of the comet was changing. While this could 
be attributed to activity in a developing coma, rather significant 
variations in brightness were detected at solar distance 8 AU 
where no comatic activity is expected!?. The variations in bright- 
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ness have been widely considered as evidence, for rotation of 
an irregularly shaped nucleus''-'*, although no tinambiguous 
period has thus far been established. 

The authors were visiting astronomers at the Infrared Tele- 
scope Facility, which is operated by the University of Hawaii 
under contract from the National Aeronautics and Space 
Administration. We thank Joseph Piscitelli for'assistance at the 
telescope. This work was supported in part by NASA grant 
NGL 12-001-057. The Planetary Science Institute is a division 
of Science Applications International Corporation. This 1 PSI 
Contribution No. 207. 


Note added т proof: Hughes!* has estimated the disk and other proper- 
ties of Halley's comet from a consideration of its performance during 
the 1910 apparition. He finds that D?p, = 5.90:: 0.33 km”, where D is 
the diameter and py is the geometric albedo at the V filter wavelength.' 
The diameter derived by Hughes 15 approximately half that found by 
usata Similar albedo. 
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On the size of the galactic centre ' 
compact radio source: diameter < 20 au 
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The existence of a compact nonthermal radio source at the galactic 
centre was first suggested by Lynden-Bell and Rees’ as the possible 
signature of a black hole. Such a source was detected unam- 
biguously by Balick and Brown’. Very long baseline interferometry 
(VLBI) observations of the structure of this source, hereafter 
referred to as Sgr A*, have been made for several years”*, In all 
previous experiments, the visibility amplitudes, measured over a 
restricted (U, V) range, could be fitted only to the simplest model 
of brightness distribution, that is, to a circular gaussian. We have 
re-observed Sgr A* at A3.6 cm and A1.35 ст with many baselines, 
using the more sensitive receivers and VLBI recording terminals 
now available. These observations set an upper limit of 20 AU 
(3x 101^ cm) to the diameter of Sgr A* at A1.35 cm and reveal 
for the first time an elongated structure at A3.6 cm, with the 
position angle of the long axis almost parallel to the rotation axis 
of the Galaxy. Sgr A* is unique in our Galaxy, but resembles 
most closely the compact radio sources at the centre of external 
galaxies. Observations of the central 4 arc s (0.2 pc) at radio and 
other wavelengths are best explained by a single massive collapsed 
object at the galactic centre. 

The A3.6-cm observations were made on 7 May 1983, using 
six telescopes: Haystack 36-m; National Radio Astronomy 
Observatory (NRAO) 43-m; Fort Davis 26-m; Goldstone 64-m 
(DSS14); Owens Valley Radio Observatory (OVRO) 40-m; and 
Hat Creek (HCRK) 26-m. The MkIII VLBI recording terminals? 


were used with an effective recording bandwidth of 28 MHz. | 


Observations alternated between Sgr A* and the neighbouring 


calibrator source NRAOS30. The absolute flux-density scale was 
fixed by observations of NRAOS30 relative to 3C286 (assumed 
flux density of 5.4 Jy) with DSS14. 

Observations at A1.35 cm were made on 23 June 1983, using 
four telescopes: Haystack 36-m, NRAO 43-m, Very Large Array 
(VLA) phased D-array and OVRO 40-m. The MkIII recording 
terminal was used with a 56-MHz bandwidth. We calibrated 
with the H,O maser source in Sgr B2, ~0.7° away. At the end 
of each Sgr A* observation, Sgr B2 was observed for 1 min. We 
have adjusted the scale so that the total flux density of Sgr A* 
was ~1.5 Jy, a value consistent with the measurement at the 
VLA during the observations. The size of the gaussian model 
discussed below is completely independent of the flux-density 
scale. 

At A3.6 cm, the calibrator source NRAOS30 was detected on 


` all baselines, whereas the compact radio source in Sgr A* was 


detected only on the short baselines formed between the DSS14, 
OVRO and HCRK telescopes (for visibility coverage, see ref. 
6). The visibility amplitudes of Sgr A* (Fig. 1) were fitted to 
two simple models, namely, circular and elliptical , gaussian 
brightness distributions. The baseline most sensitive to the differ- 
ence of the two models is DSS14- HCRK because of the rela- 
tively large rotation of the baseline. The elliptica! model is 
preferred. 

The eliptical gaussian model based on all three baselines has 


-the following parameters: the major-axis (half-power) diameter 


is 15.5::0.1 milliarc s (marc s), and an axial ratio of 0.55 +0.25, 
with the long axis oriented at a position angle (PA) of 98 + 15°. 


- From 08:30 to 10:00UT, the closure phase of Sgr A* on the 


DSS14-OVRO-HCRK triangle is <5°. This suggests that the 
elongated source is very symmetrical, but the closure phase is 
measured over a very limited time. 

The present A3.6-cm results, together with our earlier work? 
spanning 8 yr, set an upper limit of 0.6 marc s yr “to any change 
in the observed size (corresponding to a radial expansion vel- 
ocity of —16kms' ! at 10kpc). The combined data on the 
transcontinental baselines to DSS14 set an upper limit of 0.011 Jy 
(5с) at A3.6 cm for any component of Sgr А* with diameter 
<1 marc s, within a 2 arc s X2 arcs box centred on RA(1950) = 
17 h 42 min 29.3 s, dec.(1950) = —28° 59' 18.2". 
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Fig. 1 Fringe amplitudes of the galactic centre compact radio 
source Sgr A* at A3.6cm (7 May 1983). The values' beyond 
11.00 UT on the HCRK baselines correspond to 2.50 upper limits 
to the correlated flux density. The error bars represent £1c in the 
fringe fitting. The solid curves represent the best-fitting elliptical 
gaussian model visibility (major-axis half-power diameter = 15.5 + 
01 тагсѕ, PA=98+15°, axial ratio=0.55+0.25). The dashed 
curve is the circular gaussian model visibility. On the other two 
baselines, the circular and elliptical gaussian model visibilities are 
essentially the same. 


The A 1.35-cm data (Fig. 2) are well fitted by a circular gaussian 
model with a diameter of 2.1+0.3 marcs. An elliptical gaussian 
fit, starting with the above model, results in a major-axis diameter 
of 2.24:0.2 marc s, a position angle of 87 + 30° and an axial ratio 
of 0.55+0.5. The X1.35-cm data are thus consistent with the 
elongated morphology observed at A3.6 cm, scaled by A?, but 
do not require it. ў 

The wavelength dependence of the angular size of Sgr А* сап 
be derived from these data, the previously published 6-cm data’ 
and 13-cm observations’. These are the only four wavelengths 
for which the angular size has been determined from visibility 
data with a range of variation exceeding a factor of two. All 
observations are mainly sensitive to the east-west brightness 
distribution. The sizes at A = 13, 6, 3.6 and 1.35 cm are 203, 49.0, 
15.5 and 2.1 marcs, respectively. Although these observations 
were obtained at different times, there is no evidence for time 
variations of the angular size. The exponent of the power-law 
dependence of the size on wavelength is 2.00.1. 

The A? dependence of the source diameter could be attributed 
to self-absorption by internal thermal electrons??, or ascribed 
to angular broadening of the intrinsic source size resulting from 
scattering by interstellar electrons’. The observed elongation:of 
Sgr A* does not preclude the scattering interpretation, as a 
symmetrical elongated structure can be caused by scattering 
within a confined layer of anisotropic turbulence!9!!, Asym- 
metric scattering from anisotropic turbulence in the inter- 
planetary medium near the Sun has recently been observed 
(B. Rickett, personal communication). A brightness-distribution 
map of Sgr A* could resolve this ambiguity, bécause a compli- 
cated source structure would preclude interstellar scattering. 
Under either interpretation, the A1.35-cm source size of 
2.1 marc s (~20 AU) is an upper limit to the intrinsic source size 
of Sgr A*. Unless there is an abrupt change in the A? dependence 
of the observed size for A < 1.35 cm, the true size is «1.5 marc s. 

If the observed size is dominated by scattering, the upper 
limit to the source-expansion rate observed at A3.6 cm may not 
apply to the intrinsic expansion. However, even in the scattering 
case, the small A1.35-cm size places an upper limit on the 


intrinsic source expansion ‘of 0.26 (2.1/8) marcsyr !, or 
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Fig. 2 Fringe amplitudes of Sgr A* at А1.35 ст (23 June 1983). 

The solid curves are the elliptical gaussian model visibilities 

(major-axis diameter = 2.20.2 marc s, PA = 87 + 30°, axial ratio= 
0.55 + 0.5). 


~6 km s^!, for the intrinsic source size not to exceed the scatter- 
ing angle. Therefore, measurements at the two wavelengths 
imply an upper limit to the intrinsic source expansion velocity 
of «16 km s^! averaged over 8 yr.’ 

The observed parameters of Sgr A* are summarized in Table 
1; its properties are similar to those of compact radio sources 
in galactic nuclei and quasars’, but at a much lower luminosity. 
The physical conditions of the radio source implied by the 
observed properties have been discussed previously*°. The 
extremely small size indicates that the scale of the underlying 
energy source must approach stellar dimensions. However, 
models of the radio source invoking stellar objects, such as a 
young supernova remnant, a pulsar’, pulsar-driven wind” or a 
binary stellar radio source®, are inconsistent with the observa- 
tions’. Furthermore, there is no other radio source with compar- 
able strength to Sgr A* found in the central five square degrees 
of the galaxy (D.C.B. and R. Sramek, unpublished results). Sgr 
A* is a unique radio source in the Galaxy. On the other hand, 
it resembles closely a weaker version of the nuclear radio source 
in external spiral galaxies, such as M81 (NGC3031; ref. 14) and 
M104 (NGC4594; ref. 15). 

Problems of confinement of the radiating particles’? and the 
stability of the source size would require the emission to originate 
in a steady wind or jet. The observed elongation of the source 
that is almost parallel to the rotation axis of the Galaxy (PA~ 
122°) is possible supporting evidence. Further observational 
constraints on the nature of the radio source must await the 
construction of a brightness-distribution map. 


Table 1 Observed Properties of the galactic centre compact radio 
source 





Source size 

Wavelength dependence of size 
Position angle of elongation 
Axial ratio 

Upper limit to source expansion 
Flux density variability (AS/2S)* 
‘Spectral index (ref. 29) 

Turnover frequency (ref. 29) 
Radio luminosity 

Brightness temperature 


«20 AU (~3 x10!^ ст) 
A?9(A = 1.35 ст) 

98 + 15° (A — 3.6 cm) 
0.55+0.25 = 3.6cm) 
<i6kms* 


«02 (1975- 83) 


~0.25 

289 GHz 

~2 x10% erg s^! 
>7х10 K (A1.35 cm) 


* AS, peak-to-peak variation; 5, mean flux density; ref. 28 and J. van 
Gorkom, K.Y.L. and M. Claussen, unpublished results. 
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The central few square degrees of the Galaxy are full of 
interesting and energetic phenomena on many size scales!® 9, 
in the middle of which lies the unique Sgr A*, coincident to 
within 0.5 arcs of IRS16 centre. IRS16 may be the primary 
source of the —10" Lo of infrared and ionizing radiation from 
the centre?7, A 3x10° Мо point mass within 0.5 pc of the 
centre is suggested by the latest Ne 11 observations (E. Serabyn 
and J. Н. Lacy, in preparation). Furthermore, a large velocity 
(£750 km s^!) outflow” and, possibly, a compact source of 
positronium?? are also identified with the central 0.2 pc (~5 х 
10! cm, or <4 arc s). 

Although the luminosity and ionization over the 107°-cm scale 
of the galactic centre may be explained by a recent burst of star 
formation”*, the activities within the central 5 X10!" cm require 
an alternative source of energy, such as a massive collapsed 
object in a quiescent state of low-level accretion’. The unique 
compact radio source and the other phenomena at the centre 
would be natural consequences of the presence of such an object. 

We thank M. Cohen for encouragement and for reviewing 
the paper critically and Alan Rogers and Paul Ste Marie for 
help in the data reduction. The VLBI programs at OVRO, Hat 
Creek, Haystack and Fort Davis are supported by the NSF. 
NRAO is operated by the Associated Universities Inc. under 
contract with the NSF. 
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Almost 20 years after Nicolet’ suggested the presence of nitric 
oxide in the upper atmosphere as a source of D-region ionization 
by solar Lyman a-radiation, this trace species was first observed? 
by the resonance fluorescence method; almost. 10 years later, its 
vertical distribution was observed in the stratosphere by means of 
balloon-borne infrared absorption spectrometry’. Since then much 
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Fig. 1l a, Solar spectrum recorded at sunlight-tangent altitude 
equal to 86 km. Two NO absorption lines are indicated; all the 
other spectra lines are attributable to solar absorption features. Б, 
NO, absorption spectrum recorded at sunlight-tangent altitude 
equal to 26 km. In this spectral region, the solar spectrum is a 
continuum. Most of the spectral features are attributable to nitrogen 
dioxide. In a and b, amplitudes are in arbitrary units and the origin 
of the scale is the level of total absorption for the solar radiation. 


'emphasis has been placed on odd nitrogen compounds in the 
stratosphere, partly because of their role in controlling the ozone 
abundance. Many measurements have been made of NO, NO,, 
HNO, and NO, in the stratosphere with inferences on the МО, 
abundance. Meanwhile, several determinations of NO in the 
mesosphere and in the lower thermosphere*-!? have used resonance 
fluorescence and mass spectrometry!!. We report here the first 
observation of NO from the low thermosphere down to the low 
stratosphere by instrumentation similar to that used previously on 
board balloon gondolas, but on this occasion the observation 
platform was Spacelab I, which gave access to higher altitudes. 
As before", NO and NO, were observed simultaneously. 

: The infrared grille spectrometer on board the space shuttle 
during the first Spacelab mission has been described elsewhere’. 
During this mission, one Earth-limb solar occultation run 
was devoted to the observation of NO and NO, in the respec- 
tive wavenumber ranges, 1,914.5-1,918 ст! and 1,595- 
1,598.5 cm~}. The corresponding wavelengths were selected іп 
the sixth and fifth orders of the grating by two interference 
filters, one for each of the two liquid nitrogen temperature- 
cooled detectors. 

This observation took place over the southern Pacific Ocean 
on 1 December 1983, at sunrise after the very short nights of 
the high southern latitudes in their late spring. For the 20- and 
100-km tangent-altitude locations, the solar depression angles 
did not exceed 0.3? and 1.4? respectively, during the course of 
the day. The geographical coordinates of the tangent points of 
the solar rays in the atmosphere were respectively 68° S, 129° W 
and 67? S, 118? W. Thus, the observations took place in almost 
full daylight; almost all the odd nitrogen was in the form of 
NO in the mesosphere and NO, NO, and HNO; in the stratos- 
phere, according to our present knowledge of atmospheric 
photochemistry. NO and NO, spectra (examples are shown in 
Fig. 1a, b) were recorded every 2 s and the measured equivalent 
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Fig.3 Number densities of NO and NO, versus altitude (1 
December 1983). The near straight lines indicate constant volume 
mixing ratios from 107'° to 1075. Error bars are related to the 
Scattering of the measured equivalent widths. 


` 


widths versus tangent heights in the atmosphere are shown in 
Fig. 2a, b. 

The data, represented by the smooth curves in Fig. 2a, b, were 
invented using the molecular-line parameters of Rothman et 
al.“ in the ‘onion peeling’ inversion method, which leads to the 
vertical distributions of NO and NO, shown in Fig. 3. Above 
98 km altitude, the scanned wavelength intervals broadened to 
observe broader band solar spectra. The 1,914.99-cm ! NO line 
region was observed again at 105 km tangent altitude where the 


NO signal was too weak to be detected. From 55-75 km of 
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Fig. 4 Nitric oxide number densities presented in,this paper are 

compared with the results of other authors. Barth? (—-—); Meira* 

(—-—-); Tisone? (----); Witt et al (О); Backer et al? (П); 

Thomatsu-Iwagami’ (V); Thomas? (х), Trinks et al!! (A); this 
work (-———-); Massie!? («—*, sunrise). 


altitude a dashed line represents inverted NO number densities, 
so low that the slant absorption must be attributed to NO at 
higher altitudes. Hence, at this altitude the NO abundances can 
only be given tentatively and probably represent an upper limit. 

The stratospheric portion of the observation is characterized 
by a high signal-to-noise ratio for the absorption lines. Hence, 


‘the uncertainty on the volume concentrations is small and the 


values, which will be discussed elsewhere, are in the range of 
previous observations. Our results are compared in Fig. 4 with 
other observations in the mesosphere and in the low thermo- 
sphere. Although our results are in rather good agreement with 
other observations at the highest altitudes, the differences 
become very large at 85 km, particularly with the vertical profiles 
exhibiting a minimum volume concentration at that altitude. 
The shape of the vertical profile compares as well as possible 
with the results of Barth? and Tisone’. The only other absorption 
measurements to compare with our data are those of Massie!? 
based on OSO-8 observations of the (1.0) 5 band at 182.94 nm, 
which are in good agreement. 

Slight modifications of our new data may be necessary if 
further refinement were to alter significantly the orbit parameters 
of the shuttle during the first Spacelab mission. More observa- 
tions will be possible when the instrument is flown in a mission 
dedicated to atmospheric studies. When this happens we should 
gain understanding of the the distribution of NO in the meso- 
sphere, which shows a disagreement between the NO abund- 
ances derived from different observation methods. This has 
important consequences for modelling neutral and charged- 
particle abundances in the upper-middle atmosphere and iono- 
spheric D and E regions. 
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Measurement of surface currents 
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The backscattering of high-frequency radar echoes from the sea 
surface can yield useful information about ocean waves and surface 
currents’, The Rutherford Appelton Laboratory Ocean Surface 
Current Radar (OSCR) system is based on the CODAR system? 
but differs significantly in that it uses a beam-forming receive 
antenna to determine the direction of the backscattered signals 
instead of using the CODAR direction finding system. OSCR 
derives a radial component of surface velocity by measuring the 
Shift in recorded spectra associated with advancing and receding 
waves. In this survey of surface currents in Liverpool Bay, using 


only OSCR, measurements were made first for 7 days from the ' 


Lancashire coast followed, 1 month later, by similar measurements 
from the Wirral coast. These were combined to compute current 
ellipses for the predominant M, tidal constituent. Spatial distribu- 
tions of the ellipse parameters agree well with values obtained 
from a numerical model and from moored current meters. This 
new observational technique should provide data on the fine struc- 
ture of near-shore surface currents for use in studies of sediment 
transport and pollutant dispersal. 

The handicap of having only one OSCR unit was overcome 
by deploying it in an area where tidal currents predominate. 
Tidal measurements from two separate deployments could be 
combined to produce a stereoscopic image. Liverpool Bay was 
selected as a suitable site because, in addition to the convenient 
shoreline geometry (Fig. 1), the region is characterized by strong 
tidal currents flowing over complex bottom topography, thus 
producing horizontal structure on a scale commensuirate with 
the resolution of OSCR. Despite the influence of major estuaries, 
the tidal forcing is sufficient to overcome vertical stratification. 


Moreover, harmonic analysis of tidal elevations in this region . 


indicates the predominance of three major constituents, namely 
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М», S- and N;. This allows a reasonable resolution of the primary 
M, constituent from a data set as short as 25 h. i 

The computing system installed in OSCR at the time of this 
experiment limited data acquisition to measurements along just 
four beams per hour. Hence, the net duration of data recorded 

‚ for each beam was restricted to between 1 and 4 days. Measure- 
ments were made over 14 beams each 6? wide; resolution along 
each beam consisted of 20 bins each 1.2km long. Previous 
preliminary trial results? have indicated that, using an integration 
period of about 10 min, current measurements accurate to 
1 em s^! can be obtained. 

A simplified tidal analysis was performed by correlating (1) 
the time series Z(t) for tidal elevations at Liverpool (predicted 
from harmonic constants) with (2) the time series U(t) for the 
radial current component in a specific bin. A phase lag ôt was 
introduced between these time series and the error e(ôt) deter- 
mined for the relationship ` 


#()=$У,(Ш(ш)-Й)-а(7((+&)-2)] (1) 


where N is the total number of relevant observations, U and 
Z are means of the respective time series and the coefficient а ' 
was calculated by the method of least squares to minimize ғ. 
In this manner, the value for tmn (within the range —12h 
to +12 h) corresponding to the smallest overall value of £ was 
determined. The value 5t,,,, was then assumed to represent the 
phase lag of current relative to elevation for the predominant 
М, constituent. Similarly the amplitude of the M; constituent 
of tidal current was assumed to be given by the product of а 
(corresponding to бм) and the M; amplitude for tidal eleva- 
tion. The accuracy of this analysis was aided by the quiescent 
meteorological conditions with winds «10 knots for 80% of the 
time. . 
At each intersection point of the two beam sets shown in 
Fig. 1, the elliptical pattern of surface tidal currents for the 
M; constituent was calculated by linear interpolation of the 
respective current components in the nearest two bins. The 
component parts of Fig. 2 indicate the spatial distribution of 
the four parameters concerned: (1) amplitude of the major axis 
of the ellipse; (2) direction of the major axis; (3) phase or timing 
of the occurrence of maximum current relative to the lunar 
transit; and (4) ellipiticity, with positive values indicating anti- 
clockwise rotation. Figure 2 also indicates comparable values 
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Fig. 1 Liverpool Bay showing 
centre lines of radar beams. 7, Loca- 
tion of moored current meters. 
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Table 1 M, tidal ellipse properties at 53° 28.3'N, 3° 15.4% 
Amplitude Eccentricity 
(major axis) Direction* Phase (+ve anti- 
(em s^!) (deg) (deg) clockwise) 
Numerical model 58 350 243 —0.02 
Current meters (1) 54 351 237 —0.02 
(2) 50 356 231 —0.04 
High-frequency radar " 
(surface) 61 342 232 +0.03 
High-frequency radar 
corrected to mid- 
depth value 55 344 229 +0.08 





* Measured anticlockwise from due east. 


obtained from a numerical model based on a 1-km rectangular 
grid. In the model, the tides are specified at both the northern 
and southern limits of the Irish Sea and comparison between 
tide gauge recordings and model computations for М, elevations 
in Liverpool Bay indicates agreement to within 296 in amplitude 
and 7? in phase. Figure 2a is reproduced to a larger scale to 
illustrate the actual values of current amplitude obtained from 
the radar observations. The spatial coherence indicated by these 
values suggests that the precision of the radar measurements is 
of the order of 1 cm s^, thus substantiating theoretical estimates. 
Moreover, the agreement between spatial patterns from the radar 
measurements and the model establishes the accuracy of this 
instrument. 

The surface amplitudes indicated by the radar are larger than 
the depth-mean values calculated in the model. This tendenc у 
is predicted from theoretical analysis of current structure 
Thus, for a position in the centre of the survey region, Table 1 
indicates М» ellipse properties from (1) the numerical model, 
(2) two current meters, (3) the high-frequency radar surface 
measurements and (4) the high-frequency radar measurements 
corrected to reflect conditions at mid-depth. (The.current meter 
deployments formed part of the OSCR evaluation experiment.) 
These latter corrections were carried out by resolving the ellipse 
into clockwise and anticlockwise components and assuming the 
current structure shown in Fig. 5 of ref. 6. Relative to surface 
values, the current ellipse at mid-depth exhibits a smaller ampli- 
tude, phase advance, increase in anticlockwise eccentricity and 
the direction may veer in either sense’. 

Table 1 also indicates that for the two current meters, located 
just 500 m apart, amplitude may vary by 10% and both phase 
and direction by 5°. Thus, allowing for the inherent spatial 
variability in current ellipse properties, both vertically and 
horizontally, the small discrepancies shown in Table 1 between 
the ellipse properties measured by the high-frequency radar and 
those obtained elsewhere appear entirely explicable. Likewise, 
the agreement between the high-frequency radar measurements 
and the numerical model shown in Fig. 2b, c and d for direction, 
phase and eccentricity respectively is within the limits of expec- 
ted variability. 

The residual circulation in Liverpool Bay is influenced by 
tides, winds and density gradients and hence may be highly 
variable in time. To construct a residual flow pattern from the 
present radar data involving velocity components measured on 
separate days up to 5 weeks apart must be of questionable 
validity. However, an examination of the residual current data 
was made both as an illustrative example of the potential use 


of dual OSCR systems and to indicate the order of magnitude’ 


of surface residuals even if the spatial distribution proved inco- 
herent. Residual currents R for each bin were obtained from 
the expression 


R=U0-aZ (2) 


where U and Z represent the means calculated in equation (1) 
and the value of o corresponds to 8. Then for each intersec- 
tion point of the two beam sets, a residual current vector was 
calculated using linear interpolation between the respective 


, south-southwest 4.3 cm s^ 
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Fig. З Residual circulation measured by high-frequency radar. 
Streamlines are in units of 10 m^ s^! 


residual current components in the nearest two bins. Figure 3 
Shows these observed residual current vectors together with 
superimposed streamlines. The streamlines are based on the 
assumption that the surface residuals persist uniformly 
throughout the water column. The streamlines were constructed 
using the intersection of beam 9 from Hoylake and beam 5 from 
Crosby as a zero datum. The spacing of the streamlines was 
then determined along each beam from Hoylake by calculating 
the total flow orthogonal to each beam relative to a datum along 
beam 5 from Crosby. These datum values for beam 5 (Crosby) 
were initially determined in similar fashion by calculating flow 
orthogonal to the beam. 

The results shown in Fig. 3 suggest residual currents at the 
surface of up to 19 cm 5! with a mean value of about 5 ст s™!. 
The maximum currents occur in the deeper water on the western 
boundary of the survey region. In this region, a strong southerly 
flow is indicated involving a How of 20 x 10? m° s^, this latter 
circulation may be compared with a freshwater discharge of the 
Mersey of —10? m? s^! and a net flow through the Irish Sea of 
about 60 X 10? m? s^. 

Over'the shallower regions in the eastern section, the residuals 
are much smaller and form an anticlockwise gyre. In the south- 
western section, a pronounced westerly circulation is suggested. 
Residuals measured by the moored current meters averaged over 
the period 1 April to 17 May 1984 were 5.6 cm s^! towards the , 
! eastwards. The latter may reflect the 
proximity of this mooring to the knoll shown in Fig. 1 while the 
former value reflects assymetry in the direction of flood and ebb 
currents of some 10°. The magnitude of these currents is of the 
same order as the surface residuals shown in this region in Fig. 1, 
while the variation in their directions illustrates the limitations 
of conventional instruments for measuring residuals in regions 
of this kind. 

Despite extensive efforts to measure the residual circulation 
in Liverpool Bay? there is no clear pattern against which to 
evaluate Fig. 3. 

One residual flow component, seemingly overlooked in these 
earlier studies, is the Stokes drift arising from variation in total 
water depth over the tidal cycle. For the predominant М, соп- 
stituent, a tidal elevation Z cos ot combined with a tidal current 
Ü cos (wt — g) produces a residual flow 4 UZ cos g. Using the 
distribution of М» currents shown in Fig. 2 with the Z value of 
(295 cm, 318°) we calculate a net flow over the survey region 
due to Stokes drift of 10x10? т? 57! directed southeastwards 
towards the Mersey (the direction Босана to ће net ргора- 
gation of tidal energy). The velocities associated with this flow 
range from 2cm s^! in the deepest water to over 10cm s^! in 
the shallower southeasterly region. This Stokes transport must 
be counterbalanced by an Eulerian residual current component. 
The latter requirement may partially explain the strong westerly 
flow observed in the southern region of the radar data. However, 
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both observations and theory suggest that residual circulation 
in areas of the kind considered differ significantly between 
surface and bed and such considerations are beyond the scope 
of the present paper. . 

The residual circulation thus forms a coherent pattern with 
current magnitudes comparable with theoretically derived 
residual low components. Most excitingly, high-frequency radar 
offers the possibility of measuring the residual circulations (at 
the surface) in such regions where conventional instruments: 
have proven ineffective. 

This initial evaluation of OSCR has confirmed the accuracy 
of the instrument and provided unique data on both tidal and 
residual circulation in Liverpool Bay. Further, more rigorous, 
determination of the accuracy of OSCR measurements is hin- 
dered by the.absence of comparable independent measurements, 
the present results suggest a significant advance over the levels 
of accuracy cited іп, earlier high-frequency radar 
measurement? !!, ` à р 

Using the two OSCR units now available, similar surveys in 
other coastal areas can, in as little as 7, days, produce current 
data which may well supplant conventional data sets obtained 
over many years of observations. For the first time, the fine 
detail of spatial structure of surface currents can be measured. 
This should improve our theoretical understanding of the circu- 
lation within bays, around headlands, sand banks and so on, 
and thus be of direct benefit in studies of sediment transport, 
dispersal of pollutants or ship navigation. Е 

The OSCR system was developed at the Rutherford-Appleton 
Laboratory under the direction of J. W. King; other members 


of the development group, Е. D. С. Bennett, D. Eccles and К. 


Slater, participated directly in the Liverpool Bay experiment. 
Current meter observations were analysed by J. Howarth (IOS 
Bidston). We thank other staff from Bidston who participated 
in the measurement programme. D.K.R. is in receipt of a post- 
graduate studentship from the NERC. 
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Lake Untersee, a first isotope study 
of the largest freshwater lake 
in the interior of East Antarctica 
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Perennially ice-covered lakes partially bounded by glacier ice are 
common in some Antarctic coastal regions’ but very rare inside 
the continent. Here we describe hydrological studies on the largest 
freshwater lake of interior Antarctica, Lake Untersee 
(71°20' 5/13°30' E, surface area 10 km”, maximum depth >79 m)’, 
showing that the lake arose from a melt-water pond during climatic 
optimum periods in the Holocene. At present, the studied water 
body is thermally,. hydrogeochemically and isotopically 
homogeneous because ‘of thermal convection during the austral 
summer. Lake Untersee is fed throughout the year by underwater 
melting of the adjoining glacier ice. Isotope data suggest a per- 
manent ice cover during its existence. The drainless lake is con- 
` \ 
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Fig. 1 Sketch map of the working area with locations mentioned 

in the text The arrows show the main glacier flows feeding Lake 

Untersee. L.U., Lake Untersee; L.O., Lake Obersee; S.P., sampling 
point. 


stantly losing water through sublimation on the surface of the 
more than -2.5-m-thick ice cover. The salt content suggests that 
the present water body is the remainder of an amount of melt 
water at least 50 times as great. К 

Оп the northeastern margin of the mountains in central Dron- 
ning Maud Land, pilots of the German Antarctic Expedition in 
1939 discovered two large dark ice planes under which liquid 


^ water was presumed to be present—Lake Untersee and Lake 


Obersee? (Fig. 1). Then, in 1969, a Soviet group explored Lake 
Untersee and proved the existence of a large water body under 
а 2.5-m-thick ice cover’. 

In March 1982 our group first implemented a hydrological 
sampling programme with the following results: (1) At the end 
of the summer, the water body sampled at depths of 5, 
10,...,40, 44 m was homogeneous down to the bottom (44 m), 
with respect to temperature (Twater = (+0.45 + 0.05) °C), isotope 
composition ` (8*Hwater=(—255+5) %, — 850 water = (35.0 
0.5) X»), and salt content (sum of ions) (Myater= 
(330210) mgl!) Probably this remarkable homogeneity 
(within analytical error) results from convection, induced by 
the greenhouse effect of the ice cover, as known from lakes of 
the Schirmacher Oasis*. (2) The ice cover (interval 0-1.3 m) is 
characterized by 687H,.=(—250+5)% and  $150,,— 
(—34.0<+0.5) %. (The techniques of sample preparation and 
isotope analysis are described by Mühle et al. Isotope data 
refer to Standard Mean Ocean Water (SMOW).) (3) The tritium 
content of the water is below the detection limit, that is, <0.5 
tritium units (TU). For comparison, large lakes of the Schir- 
macher Oasis, fed with melt water from old ice as well as from 
recent snow patches, have tritium contents of 6-8 TU (ref. 6). 
(4) Lake water is of sodium sulphate type with an extremely 
low magnesium content (Table 1, Fig. 2). (5) There are signs of 
primary production in the lake. As already observed? the bottom 
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is at least partially covered with an organic layer a few mil- 
limetres thick. 

: No continuous record of meteorological data is available, but 
the recent climate of the Lake Untersee region may be compared 
with that of the South Victoria Land dry valleys’: mean annual 
temperature of ——20 °C and high summer aridity producing an 
annual sublimation rate of >200 mm of ice. In March 1982 no 
appreciable thawing was observed near the lake. The great 
difference in altitude between the lake surface (620 m above sea 
level (a.s.l.)) and that of the glaciers south of Lake Untersee 
(1,500-2,000 m a.s.1.) gives rise to strong catabatic winds. 

Under recent climatic conditions the formation of such a large 
water body cannot be expected. Therefore, and because of the 
impossibility of increased endogenous heat flux, the origin of 
Lake Untersee must be sought in Holocene climatic optimum 
periods. The elucidation of the palaeoclimatic conditions of this 
area is the aim of investigations on organic deposits (fossilized 
stomach oils of petrels)? and ice-cores?. 

Relics of strandlines of boulders above Lake Untersee? indi- 
cate a former higher level of the lake and probably represent a 
pause in icesheet retreat (compare ref. 1). The salt content of 
the lake water is high compared with that of Antarctic snow 
and ice from locations at similar distances from the coast or 
similar altitudes (see Table 1)'°-!*. Marine aerosols (mainly Na* 
and Cl”) and chemical weathering of rocks (mainly Са?“ and 


5025) are the principal sources of salts. Presumably, the local 


weathering solutions have a high Ca/ Mg ratio because of widely 
distributed anorthosites (CaO/ МБО > 50) in the Lake Untersee 
area. 

For water-balance studies, chloride, which enters the lake 
exclusively as deposited marine aerosol via melting glacier ice, 
seems to be the most suitable indicator. À comparison of the 
Cl” concentration of lake water (43.4 mgI !) and interior 
Antarctic precipitations (0.05-1 mg 1^! ; see Table 1 and refs 10, 
12, 13, 15, 19) shows the present-day water body to be the 
remainder of an at least 50 times larger quantity of melt water. 

The isotope data indicate that Lake Untersee has been sup- 
plied mainly by underwater melting of old glacier ice in recent 
times. The hydrogeochemical characteristics of this inflow are 
determined by the precipitation chemistry of two nourishing 
areas (see Fig. 1): (1) the area between Richthofen, Weyprecht 
and Payer Mountains with a surface level of 1,400-2,000 m а.5.1. 
and deuterium contents of precipitations ranging between about 
—220 and —300% (ref. 20) and (2) the firn basin glacier between 
the Skaly IGA nunataks and the Wohlthat Massif with 67H ~ 
—200 X. (ref. 9). 

If more than 200 mm are removed annually from the ice cover 
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Fig. 2 Chemical composition of Lake Untersee water compared 
with other Antarctic waters P, Atmospheric precipitation, Schir- 
macher Oasis, Dronning Maud Land (after ref. 6); D, Don Juan 
Pond, saline water, G, glacial melt water; M, Lake Miers, fresh 
water; S, Antarctic snow and 1ce; V, Lake Vanda, saline water 
(fields from ref. 28); W, Antarctic sea water (after ref. 26); O, 
average atmospheric precipitation over the oceans (after ref. 29); 

+, snow, Lake Untersee area (see Table 1). 


of the lake by sublimation, a corresponding regeneration of the 
floating ice cover may occur through freezing of water onto its 
underside during the low insolation season. However, the 
observed isotope differences 5, — Swater are lower than expected 
for a thermodynamically-equilibrated ice/water system?! by 
~15 % (8?H) and —1 X. (5:80); the same tendency was observed 
in some lakes of the Schirmacher Oasis^. In both cases the ice 
formation seems to be diffusion controlled: concentration of the 
heavy isotopes in the forming ice produces a depletion in ?H 
and PO in the adjacent water. If the rate of downward growth 
of ice is high enough, say 0.1 cm h^, diffusion, being the only 
active mixing process within the stably stratified water system 
(diffusion coefficient Dwater(0 °C) = 1 x 10? cm? s^!)??, is unable 
to rehomogenize the liquid-phase. Thus, the deeper freezing ice 
equilibrates thermodynamically not with the bulk water of the 





Table 1 Chemical composition of Lake Untersee water and of Antarctic atmospheric precipitations sampled in the working area 


Sample Na* K* Ca?* 

Lake Untersee, average lake 

water (2.7-44 m) 60.5 4.25 44.5 
Snow*, Lake Untersee area 

(—1,250 m a.s.l.) 4.0 1.1 17 
Snow* on the ice cover of Lake А 

Untersee 2.5 0.5 0.95 
Freshly fallen snow, 

Schirmacher Oasis? 0.2-2.5 007-06 <0.05-08 
Firn/ice, Law Dome, East 

Antarctica?? (distance from . 

coast 110 km, 1,400 m a s.1.) 0.050 0.006 0.004 
Snow,.James Ross Island, 

Antarctic Peninsula 

(1,660 m a.s.1.) 3 025 ' 0.009 0.013 
Atmospheric precipitation, 

Mirnyy Station?! (annual mean) 0.98 0.19 0.057 
Sea water? 





Na* Soi Ca?* 
Ма?” HCO; cr soz å = H 
g CO; ш Gr C Мр2* 
0.18 16.7 43.4 158.1 14 3.6 247.2 
0.15 47 42 0.8 0.9 113 
0.05 24 3.1 1.0 13 19.0 
<0 05-0.48 1 8-3.6 0.3-0.9 0.4-10 
0.008 - 0.5 
0.58 0.43 
0 087 1.24 038 0.79 031 0.65 


0.56 0.14 0.04 


Concentrations (mg 1!) of cations were determined using an atomic absorption spectrometer; those of anions, by standard techniques of water 


analysis?" 


* Snow presumably altered by sublimation causing unusually high salt contents. 
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Fig.3 Position of Lake Untersee water in the 6°H/5'°O diagram 
(values versus SMOW). For comparison, data? of other Antarctic 
lakes with different evolutions are also shown. Freshwater lakes 
(type Е) are slightly shifted isotopically to the left of the Meteoric 
Water Line (MWL)?! by freeze-concentration. Saline lakes (type 
, S) are, as a rule, isotopically shifted well to the nght by dominating 
evaporation-concentration. 


lake but with isotopically somewhat lighter water of the boun- 
dary layer. Because the sublimation of the ice cover takes place 
layer by layer without any isotope separation, the heavy-isotope 
content of the remaining liquid water decreases as the amount 
of water decreases” and it remains'at slightly lowered values if 
input and sublimation are equilibrated”. In both cases, an 
increase in salt concentration is noted. 

Lake Untersee has been predominantly or permanently 
covered with ice throughout its evolution. This is demonstrated 
by the position of its water isotope data in the 82Н/8!#О diagram 
(Fig. 3), slightly shifted to the left from the global Meteoric 
Water Line (MWL)? by the isotope fractionation in the 
water/ice transition. The permanence of an ice cover is also 
supported by the occurrence of supra-glacial till boulders resting 
on the ice cover (compare ref. 1). The dominance of evaporation 
at an ice-free surface would have produced a shift to the right 
side of the MWL as observed in most of the Antarctic saline 
lakes”. 

A comparison of the strandline of the Lake Untersee on the 
basis of air photographs taken in 1939, 1961 and 1982 does not 
show any relevant change in the shape of the Jake: Obviously, 
its mass balance in this period was approximately equalized. 

More extensive work is in progress on the Lake Untersee 
environment as well as its Holocene evolution. 

We thank the leaders and the helicopter crews of the 26th 
and 27th Soviet Antarctic Expeditions, M. Grelle for assistance 
in sampling, Drs M. Partisch and R. Zierath for hydro- 
geochemical analyses, Dr W. Kurze for tritium analyses and 
Mrs E. Kirschner for mass spectrometric measurements. This 
work was supported by the Central Institute for Physics of the 
Earth, Academy of Sciences of the GDR, Potsdam. 
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Acid precipitation and the consequent increased acidity of fresh 
waters are subjects of widespread concern. Several organizations 
in the United States, Canada and Europe have established extensive 
monitoring programmes in an attempt to determine the relationship 
between the acidity of preciptation and the change in acidity of 
fresh waters. We contend here that the present strategies for 
monitoring temporal trends in the acidity of fresh waters will not 
yield results sensitive enough to detect trends in acidity even on a 
10-year timescale. We' propose here an alternative scheme based 
on calculations using precise measurements of dissolved inorganic 
carbon (DIC) and partial pressure of СО, (Рсо,). This scheme 
eliminates biases inherent in pH electrode determinations and 
minimizes the perturbations in acidity caused by changes in the 
Pco, of lake waters associated with biological cycles. 

A method that accurately and precisely yields hydrogen-ion 
activity is needed for the following reasons: (1) Aquatic biota 
are sensitive to hydrogen-ion activity. Most laboratory bioassay 
experiments refer to changes in, for example, quantity, distribu- 
tion arid viability of a given species as a function of pH. (2) 
Trace metal mobilization is one of the major effects of lake 
acidification. Hydrogen-ion activity is an essential parameter in 
metal speciation calculations. (3) Total alkalinity measurements 
cannot reliably substitute for measurements of hydrogen-ion 
activity. The presence of titratable organic anions leads to an 
overestimate of bicarbonate ion from acid titration data and 
hence to an underestimate of hydrogen-ion activity at any given 
Pco,. (4) The predicted response of a lake to acidification for 
a given pH of rain js complicated by many unknown factors 
such as dry fallout, soil and sediment neutralization and HNO; 
sequestering. Policies to set anthropogenic emissions of nitrogen 
and sulphur oxides must be based on sound predictive models 
derived from accurate empirical data. 

The difficulties associated with measurement of pH using the 
standard glass/calomel- or combination-electrode systems have 
been well documented. In dilute natural waters, electrode deter- 
minations are very sensitive to sampling and handling artefacts 
and to liquid junction potential problems" $. The use of a flow- 
cell electrode system? has to some extent remedied the last 
problem, although the technique has not yet received widespread 
application. More serious are interactions of dissolved organic 
carbon (DOC) and/or suspended matter with the electrodes, 
which cause systematic errors of up to 0.5 pH units? ^. 
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Fig. 1 Comparison of pH measured by electrodes (©) with pH 
calculated from DIC and Poo, data using equation (2) (@) for 
ELA lake 239 during the summer of 1982. DIC can be determined 
by acidifying a small volume of water to pH « 4 and then stripping 


the CO, with helium gas. The gas phase is analysed for CO, опа. 


gas chromatograph or infrared analyser to a precision of better 
than 196!!. Poo, is determined by equilibrating an aliquot of water 
witha small volume of air and then an aliquot of the-air is returned 
to the laboratory for GC or infrared analysis. Replicate equilibra- 
tions agree to within 2%. Equilibrations should be performed in 
the field because of the extreme sensitivity of the Poo, to biological 
processes. The hydrogen-ion content can thus be calculated with 
a precision of +4% at pH 7 and +10% at pH 5.6, which is substan- 
tially better than can be obtained by electrode measurements 
(+20%). The analytical precision of the pH electrode is a moot 
point because of the systematic errors of up to 0.5 pH units (a _ 
factor of three in H* activity) in the pH range 5.6-7. The measure- 

,ments of DIC and Рсо, аге no more-difficult or expensive than 

quality pH determination. 


An intercomparison among 17 laboratories uSing standard 


electrode techniques was conducted, in which each was given - 


an aliquot of a sample known to have-a pH of 6.18 (ref. 6). 
They reported a mean value of 5.54 with a standard deviation 
of 0.74 pH units. At pH values below the accuracy and agreement 
were significantly better and it may be that the biases that plague 
electrode measurements become smaller as the hydrogen-ion 
activity increases. 

As well as the abovementioned кок problems, pH is 
sensitive to changes in Рсо, (ref. 7). Photosynthesis, respiration 
and entrainment of hypolimnetic water, by temporarily raising 
or lowering Рсо,, create a perturbation of the longer-term pH 
trend. For example, lakes that normally have a pH ~7-when at 


equilibrium with atmospheric Pco, may have their pH driven , 


as high as 10 during phytoplankton blooms because of the 
photosynthetic consumption of CO, (refs. 8-10). Although 
equilibrating water samples: with standard atmospheric Pco, 
(340 patm) potentially provides a means of circumventing this 
difficulty, this approach is subject to the electrode errors 
described above. 

Highly accurate and reproducible hydrogen-ion concentra- 
tions can be calculated from measurements of DIC and Рсо, 
(ref. 4) from the equilibrium relationship 


_— С [HCOfK, | 
РН 598 (DIC)=[H.COF) " 


where [HCO;]-[DIC]-[H,CO$] at pH«8 and: K,= 
[HCO3][H*]/[H,CO¥], and [H;COT] -[H?CO;] -[CO;]. 

The analysis of, Pco, and DIC allows pH to be normalized 
to that which would prevail for equilibrium with the ambient 
Рсо, in the atmosphere above the lake. The normalization is 
carried out as follows with the карап that steady d is 
conservative: 


pH? = —log [ык ыи] h 
[H,COf]K, 


where the superscript refers to the value of a given parameter 
at mean atmospheric Pco, and 20°C, Ky is the solubility of 
CO, and [H*], is calculated from DIC and Poo, Measurements 
(equation (1). 

A comparison of pH obtained by direct measurement using 
a glass electrode with that calculated from DIC/ Рсо, measuré- 


(2) 
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Fig.2' Calculated dependence of pH on Peo, for lake 239 surface 
water. ([HCO;]- 115 pmol 17! at 20°C.) The range corresponds 
to that which may be caused by algal blooms or overturn events. 
An upper Peo, limit of ~1,000 patm can be achieved for surface 
water during fall overturn when hypolimnetic water (Poo, = 

3,400 patm; A.H., unpublished data) is brought to the surface at 
a faster rate than. gas exchange can remove it to the atmosphere. 
Although we did not observe a Poo, depression in lake 239 during 
the summer, the response of eutrophied lakes to phytoplankton 
blooms”? suggests that the Poo, of those lakes must be well below 

> 10 patm. 


t 


ч 

" \ if re 
ments is shown in Fig. 1. Lake 239 at the Experimental Lakes 
Area (ELA), northwestern Ontario, is a Canadian Shield lake 
that was routinely monitored for pH, DIC and Poo, during the 
summer of 1982, The dissolved CO, content (НСО?) of surface 
water averaged 13.5 pmol 17! (normalized to 20 °C) during this 
period with a standard deviation of 0.3 umol 17! and was always 
close .to equilibrium with the Рсо, of the atmosphere. The 
normalized pH results calculated from the DIC/ Peo, data show 


. only a very smali scatter around a mean of 7.33. Ín contrast, 


the electrode- measured pH data scatter over a range of 0.7 pH 
units with a mean of 6.93. The pH measurements were made 
using standard laboratory techniques at the ELA chemistry 
laboratory!!. The comparison illustrates both the poor precision 
and inaccuracy of the pH electrode. 

The calculated response of lake 239 surface water to changes 
in Рсо, is shown in Fig. 2. Extremely low or high Pco, that can 
occur during phytoplankton blooms or overturn events, respec- 
tively, could produce variations in pH as large as 2 pH units 
(100-fold Н“ activity). Therefore, even if the in situ pH could 
be electrometrically measured accurately, time trends in acidity 
would be hard to detect if the Poo, fluctuations were not taken. 
into account. However, when the Poco, / DIC method is used, 
^the calculated pH (equation (1)) can be normalized as in 
equation (2), thus providing both the in situ and equilibrium 
values from a single set of measurements. 

The perturbation of pH resulting from changes in the amount 
of organic acid anions may be important at lower bicarbonate 
ion concentrations. If during a given season there is a net 
production of consumption of ‘organic’ alkalinity, then the 
concentration of bicarbonate ion. must change in the opposite 
sense to maintain the charge balance. If the Pco, remains con- 
stant through equilibration with the atmosphere, a change in 
the НСО5/Н,СО ratio produces a change in pH in accord 
with equation (1). 

Total alkalinity (ZaAlk) has been suggested as the best 


. measure of acidification trends in lakes and streams. Because it 


can be'measured with a precision of better than 1%, a reliable 
value for the free acidity of water at,equilibrium with the 
atmosphere could presumably be calculated using equations (1) 
and (2). However, organic acid anions may comprise a substan- 
tial portion of the total alkalinity*’?-'*. Therefore, attempts to 
calculate pH from measured XAlk without accounting for this 
component may be in error, especially at low [НСО] (pH = 6). 


Й 
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Fig.3 a, The response of ELA lake 239 to acidification is shown 
by a simple open-system acid-titration. Curves 1 and 2 represent 
the concentrations of ZAIk and HCO}, respectively, as a function 
of pH. Curve 3 indicates the fraction of ZAIk made up of organic 
acid anions. Рсо, = 340 patm at 20°C. b, The pH calculated for 
lake 239 by assuming that ХАІК -[HCO;] is given by curve 4. 
These calculated pHs deviate from the true values (curve 5) by an 
, increasing amount as the acidification progresses. Error bars on ' 
curve 5 represent the analytical uncertainty of the calculated pH 
values using the Pco,/ DIC'method. 


Consider again ELA lake 239, with an average ZAIk= 
146 редшу: I7', [HCO;]=113 pmol! and, by difference, 
Alk,., = 33 редшу. 171, If this lake were to undergo acidification, 
the components of alkalinity might vary with pH as shown in 
Fig. 3a. Because the pKs for organic acids are generally much 
lower than pK, for H,CO# (refs 12-16), most of [HCO3] will 
be consumed before there is a significant depletion in organic 
anions. At pH values near 6, ZAIk is much greater than [НСО; ], 
hence any attempt to calculate pH using K, will lead to serious 
error as is shown in Fig. 3b by comparing curves 4 (which 
assumes that ZAlk=[HCO;]) and 5 (which represents the pH 
calculated by the Pco,/ DIC method). 

The method for monitoring the acidity of lakes using DIC 
and Рсо, measurements avoids both electrode and organic alka- 
linity problems and minimizes perturbations caused by fluctu- 
ations in Pco,. Given the variability of our calculated pH values 


for lake 239 (Fig. 1), we could reliably detect a change of ` 


>0.1 pH units in the equilibrium-acid status of the lake by 
making a single set of midsummer Рсо,/ DIC measurements at 
any time in the future. Collecting a few samples during agummer 
would reduce this detection limit by at least a factor of two. 
The monitoring strategy described here is not intended for 
lakes that are already acidified. It is only applicable to waters 
with pH 5.5, below which the difference between DIC (that 
is, [HCO3;]+[CO,]) and [CO;] becomes too small to permit 
accurate determinations of [HCO 3]. For lakes now on the brink 
of serious acidification effects (that is, in the pH range 5.5-7.0), 
our method provides a far more reliable and sensitive indicator 
of acidification trends than can be obtained by any other method. 
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Our proposal requires only that the determination of Poo, and 
DIC be included in the existing monitoring programmes. 

We thank T. Takahashi and R. Hesslein for valuable dis- 
cussions. Some of the analyses reported here were performed 
by the ELA chemistry group under the direction of M. Stainton 
and G. Linsey. This work was supported under the auspices of 
NSF grant DEB 80 17639 and the Department of Fisheries and 
Oceans, Canada. 
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The climate of the Northern Hemisphere changed during recent 
centuries, as shown by the Little Ice Age episode’ and the warming 
trend of the past 100 years^?, The ecological impacts of these 
changes have yet to be evaluated in several terrestrial ecosystems, 
incorporating direct evidence such as detailed botanical field 


' observations*. We report here results of the analysis of a ~600-уеаг 


response of a lichen-spruce woodland to this long-term trend, 
which are thought to be the first extensive illustration of these 
impacts in the Subarctic. It suggests that tree-line vegetation is 
in a dynamic equilibrium with climate in the absence of other 
external disturbances; this’ is emphasized by spruce reaction 
through phenotypic adaptation—a shift from stunted individuals 
(krummholz) to normal trees (forest)—and differential regener- 
ation. This study produces evidence that marginal northern forests 
can persist through time and that successional processes, in the 
absence of fire, perpetuate the original lichen-spruce facies. The 
longest tree-ring chronology (AD 1398-1982) yet available in 
eastern North America was constructed from living and dead 
spruces found in the lichen woodland of our study. 

It has been shown recently? that the extensive treeless areas 
within the northern Québec Forest- Tundra zone are the result 
of late Holocene fire disturbance and climatic change. Excep- 
tions to this deforestation trend are found around the tree line 
near Hudson Bay, where old-growth coniferous vegetation per- 
sisted without any fire for several centuries. One of the best 
examples is a lichen-black-spruce (Picea mariana (Mill.) BSP.) 
woodland, 3-4 km long, about 10 km south of the present tree 
line in the Bush Lake area (57?47'N, 75°45’W). This stand 
occupies a well-drained site that burned for the last time around 
900-850 yr BP, in the immediate vicinity of the sampling area, 
as indicated by two radiocarbon-dated charcoals found below 
the organic layer (UQ-163: 890::55yrBP; UQ-158: 850+ 
85 yr BP), that is; around dendroyears AD 1075 + 57 and 1160+ 
86 using the radiocarbon-dated calibration curve of Stuiver®. 
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Fig. 1 Distribution of the living ad dead. 
spruces within the 900 m? quadrat. 


living spruces 


dead spruces, 


20-cm Height classes 





Fig.2 a, Relationship between basal stem diameter and total height in living (A, y = 1.9621--0.1391x, r 0.74) and dead (A, y =1.8203+ ° 
0.0604», r —0.35) spruces. Differences in the regression slopes are statistically significant at the 0.001 level. b, Height (20-cm class) above 
ground of multiple-stem levels and branch leaders. The bulk of multiple-stem level, distribution in dead and living spruces is respectively 
around 60-80 and 80-100-cm classes, which suggests am overal difference of 20 cm in depth of snow cover; the dead spruces were probably 


in an envirónment „with less snow compared wih living spruces. i Я 


‘ 1 


The woodland consists of dominant living low spruce trees 
along with shrubby or subarboreal stunted leaning dead spruces 
(Fig. 1). We have postulated that the' two contrasting growth 
forms developed under different climatic regimes; the abund- 
ance of dead spruces in such an environment made us.suspect 
that the woodland was growing old in the absence of external 
disturbance—a unique situation for evaluating the stability of 
marginal northern forests. ;, 

A 900 m? (30m x30m) quadrat was used to determine the 
spatio-temporal development of the coniferous vegetation (Fig. 
1) All the living and dead spruces were mapped and their 
growth forms, such as arboreal, subarboreal and shrubby, 
described (Fig. 1): Diameter at stem base, total height and winter 
damage expressed by morphological traits such as above-ground 
multiple-stem and branch leaders, along with bare (leafless and 


branchless) stems above snow cover, were measured on all. 


individuals (Fig. 2). The origin, by layering or by seed, was 
determined from stem morphology, stem distribution and below- 
ground branch connections’: Samples of living spruces were 


taken at stem base and at the multi-stem level that is thought ` 


to mark the mean winter snow position. The dead stems, were 
sampled immediately above the level of decomposition (stems 
rotted nearthe ground), generally: 30-100 cm above ground level, 
and also at the snow-air interface and stem apex; although the 
“real age, that is, thé age of the stem at the ground level, could 


not be determined on these samples, the data were used to. 


estimate the date of stem death. 
Tree-ring measurements were performed on fine-sanded cross- 
sections with-a standard micrometer (0.01 mm precision). The 


1 
D 


dating of dead stems was made possible because of the very 
good condition of preservation of these samples and the pres- 
ence of such diagnostic light rings of very. few latewood cells 
as those dated to AD 1593, 1816 and 1817 (L.F., S.P. and L.G., 
unpublished results). The tree-ring chronology was extended to 
AD 1398 by cross-dating. The oldest black spruce was 204 уг 
old, which extends the known longevity for that species® by at 
least 200 yr. The chronology was built from 39 radii belonging 
to 26 stems. Reaction wood? was common in leaning stems, but 
measurements made on the different sets of tree-rings, with or 
without compression wood, showed the same growth; samples 
with a changing direction of compression wood were rejected. 
Missing or incomplete rings were frequent, especially for the 
period 1600-1610, and annual rings were particularly narrow 
between 1398 and 1880, virtually at the lower limit of spruce 
growth. Because of these' anatomical and morphological ring 
characteristics, the chronology has been based on the 'arith- 
metical mean of the 39 series. In additiofi, an overall-growth 
curve was produced from multiple оша fitting of the 39 
series. . - 

The 233 stems recorded consist of 136 living and 97 dead 
specimens (Fig. 1). Striking size differences were found between 
the two- groups, especially with increasing size of basal stem 
diameter (Fig. 2a);-large dead stems reached about 3.5 m in. 
height, whereas large living spruces were 1-1.5 m higher. Living 
spruce boles are predominantly erect, radially symmetrical and, 
occasionally, eroded at the snow-air interface level, ‘whereas 
dead spruces showed oblique and anisomorphic boles together 
with multiple- stem leaders located at a former snow-air interface 
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Fig.3 a, Age structure of living spruces according to origin (white: layering; black: seed). Age distribution among 10-yr classes is thought 
to cover the difference between real stem age and stem age at the sampling level. Because the age structure is of the present-day (sampling 
year in 1983) living individuals, the data cannot reliably be extrapolated back in time. Absence of seedling establishment in the climatically 
favourable period of the 1930s and 1940s appears to be related to quadrat sampling size; areally small clustered cohorts from that period 
were found a few metres away, but are not incorporated here in the age structure histogram. We think that the naturally low seedling regeneration 
rate of this lichen woodland during the past centuries could be estimated more properly with larger sampling units. b, Mortality dates of 
spruces (triangle, death of stem apex; hatched, death of stem at the snow-air interface; dot, death of basal stem, that is, below the snow-air 
interface). 10-yr class. Mortality dates were estimated only for well-preserved outer stem sections, which give the overall mortality trend of 
established stems during the past two centuries, but not for previous centuries because of an unknown proportion of decomposed stems. 


level (Fig. 1). Frequency distribution of postulated snow-air 
levels between living and dead spruces suggests that the former 
were growing in an environment with less snow (Fig. 2b), under 
colder conditions probably associated with frost desiccation and 
deep-freezing of exposed leaves!?!. 

The all-aged structure ofthe living spruce population (Fig. 3a) 
indicates continuous development during the past centuries, 
mainly through layering. Only 1696 were identified as seed- 
origin individuals and 50% of these germinated between 1890 
and 1910; the remaining seed population established episodi- 
cally between 1640 and 1870. Layering occurred continuously 
throughout the past 600 yr (young layers were not sampled 
within the quadrat). Mortality was also an important component 
of the spruce population dynamics, particularly between 1700 
and 1980 (Fig.3b). Tree-ring analysis of dead stems revealed 
differential mortality according to the position of the living 
tissues relative to snow cover. Above-snow stems often died 
100 yr earlier than stem sections located at the snow-air inter- 
face; death of the trunk followed within a few decades. An 
important feature here is the rather sudden mass mortality of 
spruces during a 10-yr period, between 1880 and 1890, when 
57% of the subfossil population died. At that time, 70% of the 
dying spruces were older than 200 yr and 30% were older than 
250 yr. Senescence appears to be one factor explaining the mass 
mortality; considerable reduction of the photosynthetic struc- 
ture is a possible factor, as suggested by the very low growth 
during many decades before death. The cost of reproduction"? 
may have also some influence here on the overall vigour of the 
old-aged and moribund spruces at a time when cone production 
was stimulated. In fact, this period of mass mortality coincides 
with a short interval of seedling establishment (Fig. 3a, b). Other 
factors such as pathogen attacks (for example, fungus, insects) 
remain uncertain. J i 

Tree-ring responses to the long-term developmental process 
of spruce vegetation are clearly expressed in the 600-yr 
chronology (Fig. 4). Two periods of different duration are 
shown, a slow-growth period between 1398 and 1890 and a 
faster growth period afterwards. Very narrow rings were formed 
during the first period, especially around 1420-1435, 1480-1495, 
1600-1610, 1690-1700, 1825-1830, 1835-1840 and 1855-1860. 
Most of the period corresponds to the Little Ice Age, particularly 
between 1550 and 1850 (ref. 1). Yearly variations in ring width 
were not important except before 1520; but, more data are 
needed to evaluate thoroughly the period before 1550 where 
short intervals of larger tree rings and presence of tree-like 
subfossils suggest less severe climates than during the Little Ice 
Age. Low stature and limited photosynthetic mass during that 
period could have caused variability in tree-ring responses, 
although the overall ring pattern is one of climate suppression 
on tree growth. Large tree-ring widths during the second period 


` 


are associated with milder climates well documented by instru- 
mental records”. Yearly variability is higher here and tree growth 
climaxed in the 1930s and early 1940s, during maximum 


“warmth”. A reversal in the growth trend occurred afterwards 


and corresponds to the post-1940s cooler conditions registered 
in the Northern Hemisphere, except for a brief interval between 
1950 and 1960 (ref. 14). 

The Bush Lake lichen woodland represents an outstanding 
example of vegetation response to climate change in the absence 
of other known external disturbances. The discovery of older 
dead spruces may extend the chronology to 800-900 yr. The 
ecological impacts of the Little Ice Age climate were significant 
in terms of spruce morphology and regeneration, because the 
population formed a krummholz (stunted spruces) of pre- 
dominant long-lived layers. However, episodic seedling estab- 
lishment occurred during short intervals, such as 1640-70, 1740- 
50, 1800-20 and 1840-60. An important conclusion here is that 
krummholz may regenerate sexually during short milder periods, 
as suggested by the tree-ring chronology. Another is that shifting 
from krummholz to forest expresses a major change towards 
milder conditions culminating during this century. This shifting 
in growth habit appears to be a large-scale phenomenon 
observed throughout the northern Québec Forest- Tundra. It is 
also important to consider that the time lag in growth-form 
shifting, attributable to change in climate, is determined in part 
by the time when the critical position of apical buds and needles 
relative to the winter snow pack is reached. This suggests that 
winter climate defines the climate threshold where apices of 
growing spruces, or exposed buds, needles and twigs, located 
at the snow-air interface, experience harsh conditions that even- 
tually discriminate the future growth forms among long-lived 
individuals. Seedlings established during the past two centuries 
that have developed into tree form, probably reached the snow- 
air interface when the winters became somewhat milder. There- 
fore, we may conclude that the time lag between a change in 
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Fig. 4 Tree-ring chronology, AD 1398-1982, built from 26 stems 

of living and dead spruzes (mean ring width in mm from 39 radii). 

Also included is the long-term growth curve derived from poly- 
nomial fitting”. 
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climate and phenotypical spruce response is many years, some- . 


times a few decades, a situation controlled in growing spruces 
by apical-bud residence time into the critical snow-air interface. 
The transition from the Little Ice Age to the present regime was 
also characterized by mass mortality in old-aged spruces that 
were not able to take advantage of the new favourable ‘climates 
and by the replacement of these spruces by seedlings that later 
formed normal trees. Although we know of no other similar 
example of mass mortality in northern forests that is not caused 
apparently by insect outbreaks, we believe that our results sug- 
gest a possible link with the changing ecological conditions that 
occurred at the end of the nineteenth century, when old spruces 
with limited photosynthetic mass were already engaged in a 
lengthy process of dying. A closer look at the biological effects 
of energy expenditure in senescent or moribund spruces during 
a period of climate recovery, could lead to a better understanding 
of this intriguing phenomenon. Finally, we conclude that the 
overall developmental sequence described here indicates that 
lichen woodlands can regenerate sexually in the absence of fire 
disturbance and do not degrade into tundra vegetation as sug- 
gested elsewhere". It illustrates the importance of vegetation 
inertia, in a fire-free ambience, for persistence of communities 
in cold environments characterized by episodic sexual regener- 
ation. From a climatological viewpoint, the conditions expressed 
by this old-growth vegetation were probably associated during 
the Little-Ice Age with very cold windy winters with thin snow 
cover and cool moist summers and, during the recent warming, 
with milder and snowier winters (a postulated 20-cm mean 
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increase in snow depth based on growth forms, Fig. 2b) and 


` mild summers. The 600-yr chronology exhibits the marked differ- 


ences observed among dead and living spruces and it may be 
considered as a typical example of secular climatic change in 
the eastern part of the North American Subarctic. 
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Models of seasonal mobility to exploit seasonally abundant food 
sources have been proposed for prehistoric hunter-gatherers in 
many parts of the world". Some such hypotheses involve funda- 
mental and insufficiently tested assumptions about the nature of 
both hunter-gatherer societies and the archaeological evidence that 
they leave. The present study is an independent test of such a 
hypothesis proposed for the southwestern Cape of South Africa. 
In this strongly ecologically differentiated area there are four 
distinct ecological zones that would have offered four different 
sets of resources to prehistoric people. Obvious modern seasonal 
fluctuations in these resources, plus a considerable amount of 
archaeological evidence, led to the suggestion that prehistoric 
hunter-gatherers moved in a regular seasonal cycle. across the 


zones^?; this would have allowed them to make maximum use of | 


temporarily plentiful plant and animal foods in some areas, while 
avoiding lean periods in others. However, as reported here, direct 
measurements of food intake, as reflected in the stable carbon 
isotope ratios of archaeological human skeletons, reveal that this 
was not the case. The implications of this study extend beyond the 
relevance to local archaeology to more general questioning of the 
ways in which archaeological data should be used to generate 
hypotheses. 

Figure 1 shows the four north-south ecological zones of the 
southwestern Cape: the Atlantic shoreline, the temperate coastal 
plain, the Fold Mountain Belt and the semi-desert Karoo. Each 
'zone has a different geology, rainfall and vegetation. Holocene 
archaeological sites in the area contain quantities of plant and 
animal food waste, much of it identifiable as having been collec- 
ted in the summer (in the mountains) or in the winter (on the 
coast). * 

Inland sites are rich in the remains of edible plants: corm 
casings from starchy Iridaceae corms (at their most palatable 
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Fig. 1 Мар showing geographical features of the southwestern 
Cape and localities of the skeletons listed in Table 1. 








in late summer) and seeds from the fruits of summer-fruiting 
plants. The faunal assemblages are dominated by tortoise bone 
(tortoises are most active, and hence easiest to collect, in sum- 
mer). The second most common animal is the rock hyrax (Pro- 


‚ cavia capensis). Examination of the stage of tooth eruption in 


juvenile hyrax mandibles reveals that almost half of those from 
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SAM-AP 1153 False Bay 


UCT 622 UCT 158 Sandy Bay 
UCT 623 UCT 159 Sandy Bay 
UCT 625 UCT 248 Noordhoek 
UCT 459 SAM-AP 5083 Ysterfontein 
UCT 1048 UCT 60 Saldanha 
UCT 451 SAM-AP 4813 Bokbaai 

UCT 1049 SAM-AP 1443 Gordon’s Bay 
UCT 1052 UCT 162 Ysterfontein 
UCT 1092 = Eland’s Bay 
UCT 1051 UCT 112 Darling Coast 
UCT 1091 ~ Eland’s Bay 
UCT 206 - Eland's Bay 


UCT 202 - 
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laboratory; OxA, dates from the Oxford radiocarbon accelerator. 






the cave of De Hangen (the site with the largest faunal assem- 
;blage) were probably killed between October and May. Finally, 
historical accounts of meetings between European travellers and 
"bushman' hunter-gatherers in the area all refer to summer 
encounters. 
The coastal segment of the seasonal round is represented at 
Sites such as Elands Bay Cave: like most coastal sites, this has 
few plant food remains but large quantities of limpet and mussel 
‘Shells. If shellfish were a common, reliable resource taking the 
place of plant foods as a coastal staple ^5, Рагкіпріоп“ suggested 
_ that it would have been safer to exploit them in winter. Winter 
outbreaks of the poisonous dinoflagellate Gonyaulax catenella 
аге less common than summer ones; these diatoms render filter- 
feeding shellfish (such as mussels) toxic to man. The most 
ommon marine mammal from the Elands Bay deposits is the 
Cape Fur Seal (Arctocephalus pusillus). Young seals are born 
November and nearly all the excavated mandibles are those 
f yearlings that died between July and October; seasonal rings 
п а small sample of canines from adult male seals obtained 
rom the same site apparently also reflect this short time period’. 
‘The bones of several species of birds that are winter visitors to 
the nearby Verlore Vlei estuary (for example, flamingos) are 
found throughout the Holocene levels of the cave deposits. 
_ Winter is also the time when the Vlei, swollen by winter rains, 
"used to break through into the sea, carrying with it organic 
material that would have attracted fish such as the white steen- 
bras ( Lithognathus lithognathus), common in the cave deposits. 
Thus, there is a considerable amount of archaeological 
evidence for summer occupation at De Hangen and winter 
Occupation at Elands Bay Cave. Inland and coastal sites have 
been seen as different segments of one integrated subsistence 
economy. People supposedly moved between the various 
resource zones in such a way as to exploit peaks in animal and, 
particularly, plant resources, while avoiding troughs. Recently, 
Parkington? has fitted his seasonal mobility hypothesis more 
securely into a chronological framework. He now expects that 
- it will be found to apply, in the form outlined above, mainly in 
‚ the period between 4,000 and 2,000 yr BP; before this, from 8,000 
to 4,000 yr BP, there was a hiatus in the occupation of Elands 
Bay Cave and of at least one other site nearby, while after 
ÜvrB tem was probably seriously disrupted by the 
astoralists with domesticated animals on the 











































UCT 203 UCT 334 Andriesgrond 
UCT 1093 - Klipfonteinrand 
UCT 1053 UCT 331 Wyegang 





All pottery so far found in the area post-dates 2,000 yr BP; its association with skeletons therefore constitutes an approximate guide to their.a; 
Some of these skeletons (those from Saldanha South) lie outside the area for which the seasonal mobility hypothesis was originally formul 
They are included mainly to demonstrate the consistently positive character of coastal isotope values. Pta, radiocarbon dates from the Pre 





Date (yr BP) 8"? C (X) 




























Associated pottery (?) -15.1 < 2,000 BP 
Associated pottery (?) ~15.0 

Associated pottery (?) ~13.6 

Associated pottery (7) -12.9 

Pta-926 1,490 + 55 — 14.5 

Pta-2,005 955 +50 © —14.6 

Associated ройету (2) 15.1 f 
Pta-2,309 2,050+50° -11.8 2,000-4,000 yr B 
Pta-929 2,880 £50 -11.5 ` 
Pta-1,754 3,8354: 50 -14.7 Е 
Pta-2,003 4,445 +50 ~11.2 4,000-8,000 уг 
Pta-1,829 8,000: 95 ~14.6 > 8,000 вр 
Pta-3,086 9,750: 100 -12.3 

OxA-478 10,860:: 180 —12.5 














OxA-453 2,2304 100 -10173 2,000-4,000 уг в 
OxA-457 3,8504 80 -20.2 ; 
Pta-1,642 3,54€: 60 -19.6 І 
Pta-1,649 6,90€ € 70 -18.4 4,000-8,000 yr 8 















The seasonal mobility hypothesis is directly testable b 
measuring the "C/C ratio. The use of 8C measurements 
(8С oie = PCT Ca a Cl Coa ani 1х 1,0005.) as; 
source of dietary information is now an established archaeolog 
cal technique^". Most previous studies incorporating sucl 
measurements have, however, been limited by having t 
global averages for the isotope ratios of the dietary base. In tl 
study reported here, we began by analysing samples of all; 
foods that we know were important in the diet of prehi 
humans in the southwestern Cape. We also included a: 
section of other edible organisms that would leave no t 
the archaeological record. | 

The results of the analyses form very clear patterns, 3 
are presented in full elsewhere". In summary, the mean. 
value of the marine-based foods consumed by people living 
the coast (shellfish, crayfish, fish, seal and seabird meat 
-15.6 + 1.6% (range = —12.3 to - 19.4%, n = 29). The edible parts 
of terrestrial plants have a mean 5С of —25.4 1.8%, (range 
—22.3 to 29.2%, n = 26) whereas terrestrial animal meat has a 
mean of —23.6 + 1.3% (range = —20.9 to —25.8%, n = 15). There- 
fore, a marine-based diet has an isotope ‘signature’ substantially 
different from a terrestrially based one; this difference would 
be reflected in the bones of people consuming these foods (th. 
absolute values for bones being some 5% more positive as isotop 
discrimination proceeds stepwise along trophic levels). 

Next, we analysed several archaeological human skeletons, 
some of which were found at the coast and some in the mou 
tains. If they represent a seasonally transhumant population 
they should all have broadly similar 8'^C values intermediate 
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Range of possible values 
from entirely marine diet 


Range of possible values 
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_ Fig. 2 Histogram of the results given 





between the values for purely marine and purely terrestrial diets; 
_ it is obvious from Table 1 that this is not the case. Instead, the 
coastal skeletons reflect a predominantly marine diet and the 
inland skeletons an almost entirely terrestrial diet. Clearly, what- 
ever seasonal round either group might have engaged in, they 
do not represent segments of the same subsistence economy. 

The coastal skeletons show 6'°C values that range from almost 
entirely marine-derived (—11%) to values which could reflect 
up to 50% terrestrial food composition (—15%). We consider 
that the sample is as yet too small to detect geographical or 
_ chronological patterning, though this will be one of the principal 
_ aims of further work. The most interesting point is not that some 
coastal people consumed terrestrial foods (available, in any 
case, near the shore) but that, in direct contrast to nearly all 
models of prehistoric coastal subsistence**"', a significant pro- 
portion of the coastal population consumed an entirely marine 
diet and so must have spent all its time on the shore. Seventeenth- 
century European settlers described ‘strandlopers’ doing this"; 
from the isotope data it seems to be a pattern of life extending 
back at least as far as the beginning of the Holocene. 

This result may seem surprising in view of the extremely 
plausible arguments for seasonal mobility summarized above. 
Closer examination of these arguments, however, reveals that 
although the evidence is consistent with such a hypothesis, it is 

е extremely inconclusive'?. Although people certainly were 
~ living in the mountains in the summer and on the coast in winter, 
_ the hypothesis rests on the unproven assumption that they were 
_ the same people and that they were not living in the mountains 
_ in winter, or on the coast in summer—this would be much more 
_ difficult to demonstrate, but it is essential to do so to postulate 
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The earliest-known bats are represented by excellent fossil 
_ material, including virtually complete skeletons of Icaronycteris 
. index from the early Eocene (50 Myr BP) of western Wyoming? 
and Palaeochiropteryx tupaiodon from the middle Eocene 
__ (45 Myr BP) ‘Grube Messel’ of western Germany“. These taxa 
_ have been closely allied" with Recent Microchiroptera, a suborder 
_ of diverse bats noted for their powers of ultrasonic echolocation’. 
A problem with this relationship is the alleged absence in the 
Eocene forms of specializations in the auditory region’ and other 
.. aspects of the skeletal system'*. It has been proposed, therefore, 
— that the oldest bats are members of a group more primitive and 
_ possibly ancestral to the Microchiroptera and the visually oriented 
= Megachiroptera”. Previously undescribed specimens now show, 
— however, that Icaronycteris (Fig. 1) and Palaeochiropteryx (Fig. 2) 
= share special basicranial features with microchiropterans which 
suggest comparable refinement of ultrasonic echolocation. These 
results support the theory that a sophisticated sonar system was 
present in the earliest records of microchiropteran history. 

The ultrasonic echolocation of living microchiropterans has 
been related to the structure of the middle-ear оѕѕісіеѕ?'°, 
laryngeal-hyoid apparatus" and the cochlea?!*!5, The ear 
ossicles are not well preserved in Palaeochiropteryx, but in 
Icaronycteris there is a partial malleus with a large orbicular 
apophysis (Fig. 1). This rounded process is well developed in 
microchiropterans, but is absent or weak in non-echolocating 
megachiropterans?" ?. In microchiropterans the ossicles аге 
tightly articulated for optimal tuning at ultra-high frequen- 
cies"-'^, Mechanical analysis" suggests that the orbicular 

 apophysis shifts the centre of mass of the malleus away from 
the rotational axis of the ossicle chain, increases the moment 
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population movement between the two areas. We suggest that 
comparable hypotheses formulated for other parts of the world 
might benefit from similar critical re-examination. 

We thank John Parkington, who suggested this project, pro- 
vided the archaeological samples, and partly financed the project 
through his Spatial Archaeology Research Unit, supported by 
the Human Sciences Research Council of South Africa. Other 
colleagues also gave us free access to ideas and unpublished 
data, and we thank the many people who helped to collect 
samples. We thank John Vogel of the CSIR in Pretoria and the 
Radiocarbon Accelerator Laboratory at Oxford University for 
the radiocarbon dates. Additional financial support was pro- 
vided by the Council for Scientific and Industrial Research and 
the Harry Oppenheimer Institute for African Studies at the 
University of Cape Town. 
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Fig.1 Ventral aspect of cast of posterior skull of Icaronycteris 

index, University of Wyoming (UW) 2244. ANG, angular process 

of lower jaw; ECT, ectotympanic ring; CO, cochlea; OA, orbicular 

apophysis of malleus; STY, stylohyal; ZY, zygomatic arch. In this 

specimen the stylohyal lies lateral to its normal position ventral to 
the ectotympanic. 


of inertia and lowers the natural frequency of the ossicle system. 
The apophysis may therefore contribute to the attenuation of 
natural frequencies that might otherwise be too high, even for 
echolocating bats". 

Icaronycteris (Fig. 1) and Palaeochiropteryx (Fig. 2) both have 
a well-developed stylohyal element. In megachiropterans, as in 
most mammals, the stylohyal is usually a weak filamentous 
structure easily lost in macerated skulls?', The stylohyal in 
microchiropterans is the site of well-developed muscles that 
constrict the pharynx and brace the hyoid apparatus'®'’. The 
hyoid stabilizers allow the extrinsic laryngeal muscles to pull 
from the hyoid and move the larynx forward", an action that 
precedes the emission of a series of high-frequency pulses?, 
The stylohyal, then, is an important component of a laryngeal- 


hyoid apparatus, whose variable design influences the « н 
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Fig.2 Palaeochiropteryx tupaiodon. Positive prints of radiographs 

of a dorso-ventral view of Senckenberg Naturmuseum und For- 

schungsinstitut SMF-ME 788-B (a) and a lateral view of SMF-ME 
1127 (b). Abbreviations as in Fig. 1. 


teristics of high-frequency vocalizations in different bat 
species". 

The most striking resemblance between these Eocene bats 
and living microchiropterans is in the large relative size of the 
cochlea. The dimensions of this structure are easily determined 
in Palaeochiropteryx (Fig. 2). In Icaronycteris, the cochlea is less 
well preserved, but an estimate of its size can be made from 
measurements between auditory structures adjacent to the coch- 
lea (Fig. 3). The maximum width of the cochlea is a meaningful 
functional parameter because it is equal to the maximum width 
of the basal turn, that region of the cochlea especially receptive 
to high-frequency vibrations in adult mammals!*!92923-5, A 
plot of maximum cochlear width against skull length for 96 
species of bats shows no overlap between Megachiroptera and 
Microchiroptera, and supports the observation'*'*'* that the 
cochlea in microchiropterans is unusually large relative to the 
size of the skull. The great expansion and increased torsion of 
the cochlea in these bats is accommodated by a unique pattern 
of arrested ossification of the petrosal and adjacent elements 
during ontogeny”. Palaeochiropteryx and Icaronycteris fall well 
within the range of relative cochlear size for Microchiroptera 
and exceed values for several living species within this suborder 
(Fig. 3). Thus, the implication is strong that these early bats 
share with living echolocating bats a cochlea of comparable 
ontogeny and function. 

The basicranial evidence reviewed here supports the conten- 
tion'* that the oldest bats share several derived features with 
microchiropterans and are members of that group. Nevertheless, 
the fossil bats, particularly Jcaronycteris, retain a number of very 
primitive features in the sternum and distal appendages'^^. This 
mosaic of traits suggests that the development of a sophisticated 
auditory and laryngeal system preceded the acquisition of cer- 
tain other structures. Ultrasonic echolocation and its correlative 
morphology have been demonstrated in all living microchirop- 
terans so far studied!^!57*-75, Thus, evidence from living taxa 
and the fossil record are consistent with the argument that 
ultrasonic echolocation is a primitive sensory mode for micro- 
chiropterans. 

Echolocation also occurs in the megachiropteran genus 
Rousettus and in certain cetaceans, seals, insectivorans, rodents, 
birds and even some blind humans**. Microchiropterans are 
unique, however, in producing echolocation calls that are struc- 
tured in frequency changes over time, a mode particularly effec- 
tive in hunting volant, nocturnal prey. Other echolocators, 
including Rousettus, use transient, broad-band clicks?*. 
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Fig.3 Plot of maximum width of cochlea (ordinate) against skull 
length (abscissa) for 96 species of Microchiroptera (@), Mega- 
chiroptera (О), Palaeochiropteryx (*) and Icaronycteris (vertical — 
line represents range of error in estimate of maximum cochlear 
width). Points represent 17 of 19 Recent bat families (two 
monotypic families of microchiropterans, the Myzopodidae and 
Craseonycteridae, are omitted). Convex polygons define the outer 
boundaries of values for each of the two suborders. Cochlear width 
has a weaker correlation and more positive allometry with skull = - 
length in microchiropterans (г = 0.64, slope = 0.80) than іп mega- — 

chiropterans (r = 0.92, slope = 0.30). 
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Moreover, no other mammalian group shows an auditory archi- 
tecture and ontogeny closely similar to that of microchirop- 
terans?*. It seems unlikely, then, that ultrasonic, time-structu 
echolocation was an early or primitive condition for all 
only to be secondarily lost in the visually oriented megach 
terans. A more plausible notion is that ultrasonic echolocati 
was derived within bats, possibly from a condition where | OW- 
intensity, broad-band echolocation was used primarily for com- - 
munication and gathering of habitat information, while visio 
olfaction and direct audition (listening to sounds of prey) w 
used in the search for food**. This transition, according to the — - 
evidence reported here, occurred earlier than 50 Myr ago, the 
time of first appearance of bats in the fossil record. 

I thank J. Franzen (Senckenberg Museum) and J. A. Lil- __ 
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and J. Flynn for comments. Н. Tuengerthal, К. Gooris, L. - 
Meeker and C. Tarka prepared the figures. Research was suppor- 
ted by the Frick Laboratory Endowment Fund (American - 
Museum of Natural History). ua 
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into behavioural action in locusts 
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åke other flying animals, locusts must maintain course stability 
despite turbulence and motor errors. Accordingly, they must detect 
course deviations and then correct them. The compound eyes, the 
өсе and the cephalic wind hairs all detect different sensory 
consequences of flight instability ^, at and descending interneurones 
bring this information to the огах“, One such interneurone of 
this population (the tritocerebral commissure giant neurone) is 
known to elicit correctional зїеегїпг!®. Here we characterize three 
additional pairs of descending deviation detector neurones and 
show how their information is translated into altered drive to the 
flight motoneurones. The central pattern generator for flight" '^, 
modulated by proprioceptive feedback'^, gates the signal of the 
"detector neurones in thoracic premotor interneurones’, ensuring 
that the flight motoneurones are affected only during flight. Fur- 
; ther, the gating process transforms the phase-independent informa- 
on of the deviation detectors into a phase-dependent signal modu- 
lated at wing-beat frequency, and transfers it to those flight 
motoneurones active at the time and appropríate to the corrective 
action required. 

е recorded intracellularly, with dye-filled microelectrodes, 
m the three pairs of descending interneurones and their 
tified postsynaptic cells in the thoracic ganglia of Me 
usta migratoria (L. 1758)) during flight motor activity", 
relate their morphological and functional Made. 


Fig.1 The descending deviation 
detector neurones DNI, DNM and 
DNC. a, Morphology and nomen- 
сабиге. The units are so named 
, because they receive input from the 
ipsilateral, medial and contralateral 
ocelli, respectively, where ipsi- and 
-eontralateral are defined as the side 
on which the axon of the inter- 
neurone runs. This is clearly reflected 
in the location of the input arboriz- 
ions in the brain. In the remaining 
. ganglia, DNM is distinguished by its 
bilateral projection, while DNI and 
DNC project only unilaterally and 
are very similar in structure. All three 
its are paired. We distinguish 
dividual units as left and right with 
reference to the connectives in which 
the axon descends to the thorax. 
Drawings are based on 20-30 suc- 
cessful intracellular fills (either 
Lucifer yellow?? or hexamine cobalt 
chloride with subsequent intensifica- 
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Course deviations were simulated by an artificial horizon, pro- 


vided with a central wind jet (Fig. 1b). In some experiments 


the ocelli were stimulated independently via light pipes that 
excluded light from other sources’. These procedures established 
the role of the three interneurones as highly specific absolute 
deviation detectors, which integrate sensory information from 
the compound eyes, the ocelli and the wind hairs. Table 1 
summarizes the excitatory input characteristics of the three - 
cells. : | 

We have named these interneurones DNI, DNM and DNC, 
so called because they receive input from the ipsilateral, medial 
and contralateral ocelli, respectively (Fig. 1a). All have been in 
part described previously, but because of confusion in the 
literature (Table 2), we find it necessary to rename them. Input 
from the compound eye confers on these cells sensitivity to large 
field movement and to direction of movement. Figure 1c shows 


an example of the specific nature of compound eye input. A - c 


simulated roll deviation presented to the compound eyes results 
in excitation of the left DNC only if the roll is clockwise and 
away from the horizontal position. For a roll of this specific 
type of given amplitude, the response of the cell increases with 
increasing divergence of the artificial horizon from the hori- 
zontal. The cell does not respond to a clockwise roll towards 
the horizontal, nor does it respond to an anticlockwise roll 
towards or away from the horizontal. This cell also responds 
with similar specificity to deviations in the pitch and yaw axes 
(Table 1). The optimal combination of compound eye stimula- 
tion for this cell is what the animal would experience during a 
diving, banked turn to the side contralateral to the axon. 
Excitatory input from the wind hairs or ocelli complements 
the compound eye input in an aerodynamically compatible and 
directionally specific manner. For example, a cell which is 
excited by a visually simulated yaw to the left is also excited 
by wind directed towards the animal's head from the right which 
would in nature accompany this yaw. If compound eye input 
causes the cell to be excited by a simulated clockwise roll, it 


Vu 


b 





tion 5) of each unit. Scale bar, 800 jum. b, Stimulus apparatus producing simulated course deviations. The animal's head was placed at the 
бейге of a remotely steerable translucent hemisphere, on which was painted the opaque pattern shown, representing an artificial horizon and 
га structured visual field; the whole was illuminated diffusely with daylight from above and behind. The hemisphere, which was also equipped 
with a central air tube for simulation of wind on the head in flight, could be rotated around all three orthogonal axes and thus simulate pitch, 
= voll and yaw deviations, e, Response of the left DNC to simulated clockwise and anticlockwise rolls away from (upper two records) and 
7 towards (lower record) the normal flying position. The sketches show the initial and final positions of the horizon, and the arrows the direction 
of its rotation. Only clockwise rolls away from the normal position evoke graded responses. Upper traces: intracellular recording, scale bars 
50 mV, 200 ms; lower traces: roll monitor, vertical scale bar 75°. d, Response of same unit as in c to three identical frontal wind stimuli (onset 
at arrows) during maintained simulated visual rolls to various positions, as shown in the sketches. Calibrations as in c. Non-preferred orientations 


'-of the visual world inhibit the response to wind. e, Response of a DNI (centre trace, intracellular recording, scale-bars 5 mv, 200 ms) to a 
visually simulated roll (lower trace, vertical scale bar 75°) and to simultaneous ON/OFF stimulation of the ipsilateral ocellus by means of a 
separate light pipe (upper trace, light at 565 nm modulated by 1 log,,, unit, upward going = ON, duty cycle 200 ms). Ocellar OFF stimuli evoke 
only single spikes when presented alone (asterisk). These summate with the response induced by visually signalled roll. Ocellar ОМ stimuli: 


are functionally incompatible with the visual information, as they imply a roll in the opposite direction; they strongly inhibit the. visual 
7o. response, which otherwise would consist of a long Phasic-tonic burst, à as in i the middle. record. of с... : 
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Table 1 













Excitatory input characteristics of deviation detector neurones 










DNC 
Contralateral 


DNI DNM 


.Ocellus producing reliable* excitation with OFF stimulation Ipsilateral Medial 





Most effective visually simulated deviation Roll ipsilateral Pitch down Roll contralateral 
"(that is, via compound eyes) Pitch down (Pitch down)t 
Yaw ipsilateral Yaw contralateral. 
Most effective wind direction corresponds to Yaw ipsilateral Pitch down Yaw contralateral г. 









































































Data were derived from 60-100 experiments on each cell. 


these weak inputs can evoke spikes. 
t Weak response. 


willalso be excited by selective darkening of the right ocellus, 
¿which would in nature be darkened by such a roll". 
< The response properties of a deviation-detecting neurone are 
„поі, however, shaped simply by summation of excitation from 
_ three sensory sources. Mutual inhibition between the different 
‘sensory inputs is also important, and prevents a response if 
there is a conflict in information content. For example, Fig. 1d 
shows that the position of the visual world can alter the response 
of the cell to a constant wind stimulus. If the horizon is rolled 
-to a ‘visually preferred’ position (Fig. 1d, top records), indicative 
of a specific deviation, and held there, the response to a frontal 
wind stimulus is strong (here 34 action potentials). If the horizon 
is. held in a near-horizontal position (Fig. 1d, middle records), 
"the same wind stimulus produces only a modest excitation 
_ (T action potentials). Finally, if the horizon is rolled to a ‘visually 
antipreferred' position, one which does not represent a deviation 
of interest to this cell, its response to the identical wind stimulus 
is virtually eliminated (1 action potential). Similarly, Fig. 1e 
shows that the ocellar input can inhibit the response to com- 
pound eye input. Darkening of the left ocellus produces an 
action potential in the left DNI, which responds visually to an 
. anticlockwise roll. However, selective illumination of the same 
‘-ocellus via a light pipe strongly inhibits the response of the 


Fig.2 Flow of information from the deviation 
detector neurones (DN) to the. flight 
motoneurones (FMN) is gated in the thoracic 
interneurones (TIN) by summation with a 
-i phasic signal derived from the central pattern 
generator for flight (CPG). a, Presynaptic DNM 
(dotted) and representative postsynaptic TIN 
(solid) in mesothoracic ganglion. (scale bar, 
300 рт). b, Simultaneous intracellular record- 
' ings in a non-flying locust (scale bars 2 mV and 
50.mV, respectively, 50 ms) from the TIN and 
DN shown in a, and an extracellular recording 
from the dorsal longitudinal depressor muscle 
(emg) which serves as a monitor of flight 
activity. A depolarizing current of 10 nA (‘cm’) 
injected into DN evokes 10 action potentials, 
which in turn evoke small 1 : 1 excitatory postsy- 
naptic potentials (e.p.s.ps) in the TIN. (The 
‘small high-frequency deflections on the TIN 
trace are artefacts caused by capacitative coup- 
ling between the two electrodes. The input 
bridges of both recording amplifiers are bal- 
anced, but the high current necessary to evoke 
a brisk burst of action potentials from an axon 
“penetration results in a sizeable stimulus 
artefact.) с, d, Same experiment as b, but during 


* DNI received additionally weak input from the medial ocellus, and DNM from both ipsi- and contralateral ocelli. In a fraction of the populi 





flight motor output, indicated on the emg trace by periodic depressor muscle potentials. Scale bars 20 mV (TIN), 100 mV (DN) and 100 ms. 
The TIN receives strong synaptic drive from the CPG, depolarizing in the depressor phase. Note that in c and d the current pulses come « 
«different points in the wing-beat cycle. During the depressor phase, e.p.s.ps evoked by spikes in the DN increase the number of action poten Is 
in the depolarized TIN by ~50%, which in turn influences the postsynaptic FMN (not shown). Visual stimuli can cause a spike rate in the 
DN 5095. greater than that induced here: by current injection, so that this figure underplays the potential effect. During the elevator phase, the 
same DN activity does not evoke spikes in the TIN, and thus has no effect on the FMN postsynaptic to that cell. e, Summary diagram 
id ing the main relationships i in the circuitry discussed here. Thickness of arrows is roughly proportional to the relative strength of the 
erac i mbolized as an AND-gate, reflecting its role. CPG drive reaches the FMNs not only via the TINs, but 





































neurone to an otherwise effective visual roll stimulus. Inhit 
of the wind input by ocellar input? and inhibition of the с 
pound eye input by wind input can be demonstrated in si 
ways. These inhibitory relations reflect the relative probabili 
of error for a conflict occurring in natural conditio: 
example, turbulence could affect the wind hairs without prod 
ing a course deviation; the eyes would experience no chang 
stimulus, and the two inputs to the interneurone would con 
conflicting information were it not for the inhibition). Ta 
together, these interactions ensure that the firing of any of the: 
neurones is a reliable indication of a specific and well-defi 
deviation from course. Each neurone responds optimally to 
specific combination of sensory stimuli which would imp 
on the compound eyes, ocelli and wind hairs during а sj 
deviation. The units are formally multimodal, but we feel th: 
this is not a useful description; the feature detected by 
neurones, their 'emergent modality', is course deviation. 
The cells central to the transformation of the firing of 
deviation detectors into appropriate Steering manoeuvre 
population of thoracic interneurones’ that have three i impoi Г 
characteristics'® (see Еір. 2е): (1) they are postsynaptic 
specific descending deviation detectors, (2) they are powerfi 
presynaptic to specific flight motoneurones and (3) ni rece 











Table 2 Synonomy of the deviation detector neurones 





Interneurone Ref. 
DNI DNC DNM This work 

о, о; — 28-30 
ip 1 di — 31 
О, о; — 32 
io. с.о. — 33 
VIP 1 VCP1 — 6 
о; Бра о, 8 
о, — — 34 
Fast Fast medial 9 

. contralateral 


ipsilateral 
(medial) 


eviation detector neurones have been mentioned under different 
es by previous authors; all used Schistocerca rather than Locusta, 
: . Their descriptions: were based on 
dye fills (for example, thoracic ganglia but not the brain, or vice 
and either incomplete Physiological data or none at all. The only 
plete structure previously given" is actually derived from two separ- 
one filled in the brain and one in the thoracic ganglia. 
ally, the oldest nomenclature would be adopted (in this case the 
‚ systern”*). This i$ no longer practical, as is evident from the table. 
i _ocellar interneurone 2, 3, . . .; ip 1, ipsilateral 3rd- 
ocellar neurone; cl 1, contralateral 3rd-order ocellar neurone; i.o., 
ilateral ocellar neurone; c.o., contralateral ocellar neurone; VIP, 
itral nerve cord unit, ipsilateral to its soma, protocerebral soma; VCP, 
al nerve cord unit, contralateral to its soma, protocerebral soma. 
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ically alternating excitatory and inhibitory drive from 
ents of the flight central pattern generator", at phase angles 
acteristic for each interneurone. One such thoracic inter- 
ne is shown in Fig. 2a. In a non-flying animal, the firing 
e presynaptic DNM evokes only subthreshold synaptic 
tials in this thoracic interneurone (Fig. 2b). Postsynaptic 
motoneurones are consequently not affected and no 
1aviour results. However, in a flying animal the flight central 
tern generator is operative and delivers rhythmic drive to the 
racic interneurones. If the deviation detector is now fired 
в. 2c, d), the synaptic input it evokes in the thoracic inter- 
eurone summates with central pattern generator drive, causing 
nterneurone to fire an increased number of action potentials. 
is augmentation occurs only when the drive is depolarizing 
р. 2c, d). Because of the rhythmic nature of the depolarizing 
perpolarizing potentials evoked by the flight central pat- 
Benerator in the thoracic interneurone, the tonic deviation 
| is transformed into phasic activity of the premotor inter- 
ones. Sensory information is gated at the level of the thoracic 
urone. The appropriate postsynaptic flight motoneurones 
consequently receive additional drive, phase-coupled with 
ing-beat cycle, for the duration of the descending deviation 
ignal. This additional phase- -coupled motor drive can either 
the phase of firing of one of a pair of homologous bilateral 
neurones, or alter the number of action potentials in the 
arge of affected motoneurones, or even recruit an otherwise 
nt motoneurone. These comprise the mechanisms which have 
n shown to operate during steering behaviour by intact 
17-20. All the flight motoneurones and the premotor inter- 
eurones are spiking cells with all-or-none threshold characteris- 
early a prerequisite. for this mechanism. We describe 
here'® circuitry in which the CPG-evoked depolarizations 
he premotor interneurones summate with inhibitory postsy- 
naptic potentials derived from the deviation detector neurones, 
г than with their excitatory postsynaptic potentials, but 

h has similar effects on the- firing pattern of the 
eurones. That su nation of inputs to.spiking premotor 











been postulated previously", but not demonstrated. 
€ deviation detector neurones ано make direct connections 








these connections produce much smaller postsynaptic potentials 
than those mediated by premotor interneurones. This is under- 
standable in view of the need to avoid flight muscle contraction 
when the animal is not flying; the direct input to the flight 
motoneurone must be small enough to avoid firing it, even 
though the motoneurone receives an almost continuous barrage 
of sensory excitatory postsynaptic potentials from other sources. 
In flight, however, these direct postsynaptic potentials are also 
subject to a similar gating process by the flight central pattern 
generator, which drives the motoneurones directly" as well as 
the premotor interneurones. 

Thus, at the thoracic level, a two-stage gating process ensures 
that the intrinsically phase-independent information from the 
deviation detectors: (1) elicits a response in the flight - 
motoneurones only when the flight central pattern generator is 
operative, that is, in the behavioural context of flight, (2) is 
phase coupled, that is, is transformed into a phasic signal 
modulated at wing-beat frequency and (3) is automatically 
applied to the appropriate group of flight motoneurones which 
are active at the time of arrival of the signal, obviating the need 
for any further decision-making in the brief interval between 
stimulus and response. 

The complete steering behaviour of the animal involves not 
only the modulation of wing beat treated here, but also move- 
ments of head, abdomen and hind 1ер5!122724, It remains unclear - 
whether the circuitry described here participates in these ele- 
ments. However, we have evidence that the information brought ^ ' 
to the thoracic ganglia by the other deviation-sensitive inter- 
neurones is processed in the same way as described above. 
Furthermore, the circuit principles documented here seem to be 
generally applicable and significant. In vertebrates, for example, 
locomotor control involves descending pathways from projec- 
tion areas in the brain to segmental motor centres in the spinal | 
cord and thence to spinal motoneurones?. Moreover, a gating: 
process has been postulated and ascribed to the level of the 
segmental interneurones***’. This scheme is comparable in 
detail to the circuitry documented here for the locust (see Fig. 
2e) Indeed, we expect that similar principles of neuronal 
organization will be found in all animals that need to integrate 
a rhythmic motor output with non-phase-locked exteroceptive 
information, a need that occurs in most forms of locomotion. 

We thank P. Wehrli for technical assistance and W. W. Stewart 
for a gift of Lucifer yellow. This research was supported by the 
Schweizerischer Nationalfonds. 
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Neuronal growth, atrophy and death 
in a sexually dimorphic song 
nucleus in the zebra finch brain 


Masakazu Konishi & Eugene Akutagawa 


Division of Biology, California Institute of Technology, Pasadena, 
California 91125, USA 


The song control nuclei of the zebra finch brain contain more 
neurones of larger diameter in the male than in the female’. This 
sexual dimorphism is thought to result from differential growth 
of neurones in the two sex . Using neurohistological techniques 
and radioactive tracers, we have studied the development of several 
forebrain nuclei involved in the control of song and find that the 
dimorphism arises from neuronal atrophy and death in the female 
brain as well as from an increase in cell-body size and afferent 
terminals from other forebrain nuclei in the male. Although the 
timing of these events varies from nucleus to nucleus, the sequence 
is essentially similar in all of them except area X. Here we describe 
the events in one of these nuclei, the robust nucleus of archistriatum 
(RA), as an example. 

Zebra finches breed well in captivity and provide chicks of 
known ages all year round. Neurone counts were made on 
sections stained with cresyl violet and the neuronal connections 
from HVc (ventral nucleus of hyperstriatum caudal division) to 
RA were traced by conventional autoradiographical methods. 
The distinct boundaries of RA are convenient for the measure- 
ment of various cytoarchitectonic and cellular properties at all 
stages of development. For the measurement of RA volume, the 
boundaries of the nucleus in every third section were drawn 
with a Zeiss camera lucida onto a sheet of paper and the area 
within the boundaries was calculated by a computer-aided 
planimetric method. Because of the error involved in the sam- 
pling method, the average between the minimum and maximum 
estimates of the volume was chosen as the best estimate. The 
same planimetric method was used for the calculation of soma 
area from perikaryal outline tracings. For the purpose of this 
report, the neurone density and number were determined only 
for a few selected age groups and are not shown in graphical 
form. Sections having the largest cross-sectional areas of RA 
were photographed in toto and neurones were counted on 
enlarged prints. The number of neurones counted in each section 
divided by the volume of the section gave an estimate of the 
neurone density, which did not differ by more than 10% from 
that obtained by counting the number of neurones in random 
· sample grids under a microscope. The total number of neurones 
in RA was estimated by multiplying the neurone density by the 
RA volume. 

The cytoarchitecture of RA reveals few differences between 
the sexes soon after hatching but later begins to diverge towards 
growth in the male and atrophy in the female (Figs 1,2). The 
growth in RA volume in the male is mainly the result of changes 
in the size and density of neuronal cell bodies; the somata 
become larger and less densely packed. The estimate of neurone 
number at day 15 ranges from 9,100 to 14,900 (median = 11,300) 
and from 9,200 to 14,900 (median — 9,600), respectively, for the 
male and the female. These numbers should be compared with 
those of adult birds which range from 9,300 to 14,300 (median — 
13,600) for the male and from 2,400 to 3,700 (median — 2,900) 
for the female. Thus, the female RA loses about two-thirds of 
its neurones by the adult stage, whereas the male RA retains 
essentially the same range of neurone numbers. The sharp 
decline of RA volume in the female after day 30 results from 
both a decrease in the neurone number and size on one hand 
and an increase in the neurone density on the other; the cells 
are fewer, smaller and more densely packed. These small cells 
were identified as neurones by retrograde labelling from the 
target areas of RA neurones’. 

During their development RA neurones are mainly innervated 
y axons from НУс and to a lesser extent by axons from MAN 
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Fig. 1 Contrasting developmental stages of RA in the two sexes. 
At day 12 after hatching, the male (a) and female (b) RAs are 
similar in size; at day 30, the cell bodies of neurones are smaller 
in the female RA then in the male RA. By day 45 the female RA 
has shrunk, whereas the male RA has grown both in volume and 
soma size. For histological examination of brains, birds were 
anaesthetized with Equithesin, perfused with saline and then 10% 
formalin. After overnight immersion in 20% sucrose solution, 
brains were cut in 30 ат thickness with a freezing microtome, and 
these sections were stained with cresyl violet. Each photomicro- 
graph shows the largest cross-sectional area of RA for a given age 
in a parasagittal section. Low- and high-magnification pictures of 
the same section are shown side by side. Scale bars, 100 ит. 
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Fig. 2 Quantitative comparison of architectonic and 
neuronal changes (male, A; female, O). Dashed lines 
indicate unsampled age intervals. a, Changes in RA 
volume. For each age and sex group, the median and 
range of the RA volume of five birds are plotted as a 
function of age. From days 5 to 20 after hatching, RA 
grows to about an equal volume in both sexes. Thereafter, 
the male RA continues to grow with a steep increase in 
growth rate at about day 30, although there is a temporary 
dip in the growth curve at about day 20. The volume of 
the female RA, on the other hand, remains almost constant 
from day 10 to day 30 when a sharp decline begins. b, 
Changes in neurone size. Each of five birds used for each 
age and sex group provided a sample of 50 neurones for 
the computation of a mean and standard deviation. The 
graph plots the means of the five means and standard 
deviations as a function of age. In the male, the mean 
cross-sectional area of RA neurones increases steadily, 
reaching a plateau at about day 35. In the female, the 
mean soma area remains more or less constant until about 
day 30 when it begins to decrease rapidly. 


RA VOLUME (тт?) 


(magnocellular nucleus of anterior neostriatum). The time 
course and pattern of innervation also show differences between 
the sexes. An injection of tritiated proline in HVc and its immedi- 
ate vicinity in 15-25-day-old chicks of either sex results in an 
accumulation of radioactivity (grains) around RA (Fig. 3), while 
control injections outside HVc and its adjoining areas do not 
produce this pattern of grain distribution. Furthermore, when 
radioactivity accumulates within the boundaries of RA as in 
males older than 35 days, the ring of grain density around the 
nucleus disappears (Fig. 3). Whatever the identity of the ring 
may be, labelling within the boundaries of RA indicates innerva- 
tion of its neurones. Thus, the male RA appears to remain 
uninnervated until about day 30 when it suddenly becomes 
innervated. This stage corresponds to the beginning of the steep 
increase in RA volume. The soma density begins to decrease 
rapidly at about this age, presumably because the accommoda- 
tion of the incoming afferent fibres results in an increase in the 
distance between RA neurones. The female RA appears to 
remain largely uninnervated, although sparse connections 
between НУс and RA may present in the adult’, 

The above findings indicate that cell atrophy and death con- 
stitute a normal process of sexual differentiation in the brain. 


MALE RA 


FEMALE RA 
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In theory, differences in neurone number and size in sexually 
dimorphic areas of the brain may result from differential pro- 
liferation, growth, atrophy, death or migration^^. However, we 
did not consider cell atrophy and death in our earlier work on 
the zebra finch. Consequently, we did not consider that early 
oestrogen may masculinize the female RA by preventing cell 
death*™*. As to cell migration, it is very unlikely that large 
neurones emigrate from the female RA and small neurones 
migrate into it. Neurogenesis is reported to occur in the adult 
zebra finch brain’. Because neurogenesis in the adult is generally 
not restricted either to the song-control system or to one sex, it 
is perhaps not a major factor in the sexual differentiation of the 
song-control system. The presence in the male and the absence 
in the female of neuronal connections between HVc and RA 
suggest a causal relationship between innervation and neuronal 
growth: the afferent innervation of RA may be essential for the 
growth of its neurones; alternately, the growth of RA neurones 
may induce innervation by HVc fibres. How oestrogen mediates 
one of these processes is not known. 

The origin of brain sex differences by neuronal growth in the 
male and cell death in the female is not unique to the zebra 
finch, for all well-documented cases of brain sex differences 
appear to involve cell death in the female. Recent evidence 
indicates that differences in neurone populations between the 
sexes in the preoptic area and the bulbocavernosus nucleus of 
mammals involve growth of neurones in the male and cell death 
in the female*''. Cell death is а common phenomenon in the 
development of the nervous system; however, the role of cell 
death in development varies from system to system". For 
sexually dimorphic systems the significance of cell death is clear; 
neurones disappear in the female system because females do 
not need to exhibit the behaviour controlled by the relevant 
neurones. Why are the neurones that are destined to die pro- 
duced in the first place? It could be that a genetic programme 
uses the same set of genes for a homologous neural circuit in 
both sexes and an epigenetic process determines the fate of the 
circuit in the two sexes. 


Fig.3 Sex differences in innervation of RA. А glass pipette, 15 jum in 
tip diameter, was used for the iontophoretic injection of tritiated proline 
into HVc. The survival time after the tracer injection was 3 days. Brain 
sections for autoradiography were exposed for 30 days at 4 °С, Dark-field 
autoradiographs of RA show the distribution of silver grains for three 
different ages. These patterns of grain distribution appear when tritiated 
proline is injected in HVc and its immediate vicinity. The unlabelled 
oval area is RA. At day 15 both male and female RA fail to accumulate 
radioactivity no matter how large the injection area may be. At day 25 
the male RA shows some labelling within its boundaries and is com- 
pletely labelled by day 35. Note the absence of labelling outside the 
boundaries of RA. In contrast, the female RA remains mostly unlabelled 
throughout its development including the adult stage. These changes in 
labelling indicate when and to what extent RA becomes differently 
innervated in the two sexes. Scale bar, 100 ат. 
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u Although the regulation of events in the cell division cycle by 


calcium or other cations has been the subject of much interest and 


speculation’, experimental studies have been hampered by the 
difficulty of measuring submicromolar intracellular free calcium 
concentrations ([Са2*],) over an entire cell cycle. We now describe 
experiments using a new fluorescent calcium chelator, fura-2 (see 
Fig. 1c for structure), for continuous measurement of [Ca?*], from 
fertilization through the first cleavage of individual eggs of the 
sea urchin Lytechinus pictus. We also show for comparison the 
results of parthenogenetic activation by ammonia. In addition to 
the known transient rise of {Са2+}, at fertilization, further peaks 
are now revealed during pronuclear migration, nuclear envelope 
breakdown, the metaphase/anaphase transition and cleavage. 
Parthenogenetic activation by ammonia also elicits a sustained 
rise starting at nuclear envelope breakdown. 

Fura-2 is a fluorescent tetracarboxylate chelator that exhibits 
à spectral shift in excitation maxima on binding calcium". 
Increasing free Са?" increases the fluorescence excited by 
.350 nm light and decreases the fluorescence from 385 nm excita- 
tion. The ratio of fluorescence excited by 350 nm to that excited 


i by 385 nm is a measure of [Ca?*], in which the uncertainties in 


dye concentration, cell thickness and absolute optical efficiency 
of the instrument are cancelled. We measured 350/385-nm ratios 
from single eggs, injected with fura-2, on a fluorescence micro- 
scope that had rapidly alternating excitation wavelengths". 
Ratios were calibrated in terms of [Ca**], by comparison with 
dye samples of known [Ca^*].. Figure 1a shows the fluorescence 
signal during fertilization, recorded simultaneously at 350 nm 
and 385 nm excitation wavelengths. Shortly after addition of 
sperm, the fluorescence from 385 nm excitation fell dramatically 
whereas the fluorescence from 350 nm increased. Changes in 
-> the 350/385-nm fluorescence ratio are shown in Fig. 1b, while 
Fig. 1с shows the actual [Ca?*]; after dye calibration. From 
"these records we calculated that resting [Ca^*], averages 144+ 
/530,3:nM (mean x s.e.m., n = 11), with extremes between 70 and 
::250 nM (data not shown). The fertilization transient takes —12 s 
from beginning to peak and rises to an average of 1.95 + 0.16 uM 
(n= 11). Levels as high as 3.5 рМ were observed, although such 
eggs were usually polyspermic. These values are close to those 
estimated. previously from fertilization. experiments with 
aequotin-loaded eggs". The fertilization transient lasts ~5 min, 
during which. time the sperm is incorporated into the egg and 
he sperm nucle dum 
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Fig. 1 a, Fluorescence signal at 350 nm (solid line) and 385 nm 
(dotted line) excitation during fertilization, ending just before th 
onset of a second (pronuclear migration) peak. The addition of 
sperm (at the arrow) caused a small artefact which can be séen t 
cancel out when ratios are taken (see b). Shortly after the additio: 
of sperm, the fluorescence at 385nm decreases dramaticall 
(broken line) whereas the signal increases at 350 nM (solid line) 
b, Fluorescence ratio ( R), obtained by dividing the fluorescence 
values at 350 nm by those at 385 nm. This ratio changes in the 
same direction as [Ca?* ], and can be used to calculate [Ca?*]; from 
the equation’ К (R- Rj/(R,— В) = [Са], where Ro is the ratio 
at 0 calcium and К, is the ratio at saturating calcium. К represents © 
K,(Fo/ F,), where Kg is the effective dissociation constant for: 
fura-2 in the appropriate conditions, Е, is the fluorescence at. 
385 nm in 0 Ca and Ё, is the fluorescence at 385 nm in saturating 
calcium solutions. Ry and R; were obtained from droplets of fura-2 
reference standards containing 50 pM fura-2, 155 mM KCI, 25 mM - 
NaCl, 100 mM MOPS neutralized with KOH to pH 7.02 and either’ 
10mM К,Н,-ЕСТА or mM’ Сасі,. The effective dissociation 
constant for fura-2 was determined to be 7.74 x 10" M by cuvette 
titration of 5 рМ fura-2 in the above KCl/ NaCI/MOPS medium - 
with 10 mM EGTA buffers. The necessary dissociation constants 
for Ca-EGTA buffers were measured at 18°С in 225 mM KCl and 
25 mM NaCl (ref. 11). c, Actual [Ca**], values derived from the’ 
ratio in b after applying the calculation shown above. The inset 
shows the structure of fura-2. а 
Methods. Lytechinus pictus eggs were microinjected with a solution : 
of 40 mM fura-2, 5mM CaCl, and 0.66 M potassium gluconate 
(the injection solution was prepared by hydrolysing the fura-2- 
pentaethyl ester in 1 M KOH and neutralizing the hydrolysate with — 
D-gluconic acid lactone). Typical dye loadings were 50-200 „М 
based on comparison with 100-рт droplets of dye standards. . 
Excitation light was provided. by two Spex Industries mono-- 
chromators preset at 350 пт and 385 nm and selected in rapid: 
alternation (15 Hz) Бу a rotating chopper mirror. These. 
wavelengths were dispiaced from the true excitation peaks to avoid 
the transmission cutoff of glass optics at lower wavelengths. Emit- 
ted light was collected through a 500-530-nm interference filter 
and photon-counted in synchrony with the chopper so that the 
signals from the two excitation wavelengths were stored in separate 
memories of a Spex Datamate microcomputer. Monochromator 
slits of 0:25 mm were used, giving а 0.9-nm bandpass, and ап 
attenuator screen further reduced the excitation intensity fivefold. 
Dye bleaching was usually undetectable, yet the photometer count 
rate was 1-2 х10% photon counts per s; uninjected eggs gave 
9. 5-1.5 х pM counts уре: s. All ducc were at 18 °С. А 
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.Fig.2 Two complete records from fertilization to the first cell 
division. a Shows clearly the pattern of calcium fluctuations during 
the-cell cycle seen in our records. Peaks in this record are especially 
“prominent, as the post-fertilization baseline [Ca?*]; is unusually 
low. However, the peak calcium levels still attain normal values, 
similar to those of the corresponding periods of b. The breaks in 
ë trace were periods in which the trace was interrupted in order 
to take transmitted light photographs (not shown) to record any 
‘corresponding morphological events: f, fertilization peak; pm, 
»pronuclear migration peak; ѕ, streak stage peak; nm, nuclear mem- 
brane breakdown peak; ma, metaphase/anaphase peak; c, cleavage 
peak. This example happened to be polyspermic, and the first 
division resulted in four cells. b Is a typical trace where the 
post-fertilization baseline is higher. This egg underwent normal 
cleavage between the first and second breaks at the end of the 
record. 





The low illumination intensities required with fura-2 and its 
apparent low toxicity allowed continuous measurement of cal- 
ium throughout the cell cycle. Embryos routinely. cleaved at 
east three times (see Fig. 1 legend for details). Figure 2 shows 
wo examples of continuous records obtained from fertilization 
to first cleavage. Cyclical changes in [Ca?*], coincide with 
«specific events of embryo development and the cell: division 
cycle. Figure 2a shows particularly well-defined [Ca?*], peaks 
corresponding to different stages of the cell cycle. In the most 
| typical records (see Fig. 2b), peaks reach values similar to those 
in Fig. 2a but appear less striking because they rise from a 
rmanently elevated plateau level of [Ca^*]. Both records 
_ reveal that at 10-12 min after fertilization, a second, surprisingly 
: large, increase in [Ca^*], occurs. Photographs taken during the 
breaks in Fig. 2a, as well as many observations during other 
; experiments, indicate that this век occurs during pronuclear 
migration. The average peak [Ca^*], 665+51nM (n = 8), is well 
above the mean post-fertilization baseline of 277+ 28 nM (n= 
8). EGTA-induced reduction of the external calcium concentra- 
tion to 107° M did not affect this peak or subsequent peaks, 
suggesting that the increases in calcium result from release from 
internal stores (data not shown). 
| dm 10-2096.of the embryos (including that of Fig. 2a), we 
observed another calcium peak associated with the streak stage 
(the period of pole separation and DNA synthesis)'5. This 
tra sient was seen in both polyspermic and monospermic 


T which artifi cially elevates the interna 








15 mM NH,CI 


Time (s) 5,000 
Fig. 3 A typical example of an egg activated by а 10-min pulse 
(arrows) of sea water containing 15 mM ammonium chloride, pH 
8.0. From previous measurements”’, intracellular pH would be 
expected to rise from 6.9 towards 7.4-7.6 during ammonia exposure 
and to remain permanently above 7.3 even after ammonia with- 
drawal. Calcium levels can be seen to fall slightly with the addition 
of ammonia, but to rise sharply at 40 min after the addition. These 
results are typical of three similar experiments. Further experiments 
(not shown) give similar results even when ammonia is left in 
continuously or when external calcium is reduced to 1077 M. 


Another elevation of [Ca?*], occurred 50-60 min after fertiliz- 
ation, with an average peak value of 404 + 20 nM (п = 8). Photo- 
graphs indicate that the increase in [Ca?*], occurs close to or 
during nuclear envelope breakdown. This peak in free calcium 
may explain earlier findings of Bennet and Мала!” in which 
unfertilized eggs that had been fused with fertilized embryos 
underwent cortical granule breakdown in the unfertilized half 
when the fertilized half began mitosis. The trigger for Ca^* at 
nuclear envelope breakdown may have triggered the release ч 
Са?* stores in the unfertilized half. 

A fourth peak was observed ~70 min after fertilization, with ; 
a mean value of 410+10nM (и =6). Photographs and visual . 
Checks suggest that this peak occurs. during the meta- 
phase/anaphase transition, although precise timing is difficult 
because we cannot resolve the actual chromosome movements. 
However, in Fig. 2a, the spindle was newly formed before the 
peak, and spindle elongation, corresponding to late anaphase, 
did not occur until after the peak, thus indicating that the 
metaphase/anaphase transition occurred during the period of 
the peak. Although other investigators have suggested that cal- 
cium may be involved in the metaphase/anaphase transition, 
until now there has been no evidence that an increase in [Ca?*], 
actually takes place. Izant has reported that injections of calcium 
buffered at 1 pM or 50 nM free calcium, respectively, shorten 
or lengthen the duration of metaphase*. Wolniak et al. reported 
a decrease in chlortetracycline staining during metaphase, sug- 
gesting that. a release of calcium stores occurs at the onset of 
anaphase’. 

Finally, we observed an increase in [Са?*], associated with 
cleavage. We found that calcium rises to a mean value of 
412 34 nM (n=7); this increase slightly precedes and occurs 
in conjunction with the developing cleavage furrow. The notion 
that calcium may regulate the activity of the contractile ring has 
been suggested by several investigators using injection of cal- . . 
cium buffers or ionophore A23187 (refs 1, 2, 6), although — 
attempts to measure a change with aequorin have been 
equivocal", On the other hand, [Ca^*], measurement in 
Xenopus embryos using ion-selective microelectrodes con- 
sistently failed to show evidence of cell-cycle-related fluctuations 
in calcium??; this was perhaps a result of species differences or 
localization of calcium rises that always missed the electrode tip. 

The general elevation of baseline [Ca?*], and upward fluctu- 
ations during the cell cycle are not the only ionic events that 
follow fertilization of sea urchin eggs. А rise in internal рН; 
normally dependent. on external Na*, is known to be necessary 
for development^??*. The addition: of. ammonia (о sea. water, 

























events of the cell cycle, such as DNA synthesis, chromosome 
condensation and nuclear envelope breakdown”. We hypothe- 
sized that if calcium is pertinent to these cell-cycle events, 
ammonia might affect [Ca’*],; however, at first sight this seems 
"unlikely as ammonia does not cause a cortical reaction or any 
obvious change in NADP/NAD ratios, both of which are cal- 
cium-dependent consequences of fertilization“, We measured 
_ [Ca’*], in ammonia-treated eggs (Fig. 3) and found that during 
се. first 40 min after addition of ammonia, [Ca?*], either 
decreased slightly or did not change. A decrease in [Ca?*], would 
"be interesting in. light of the finding that the activity of the 
calcium-sequestering system is enhanced by elevated pH”. 
However, at ~40-55 min, [Ca^*], rose to levels characteristic of 
fertilized eggs entering mitosis (350-400 nM) and remained ele- 
vated thereafter. Inspection revealed that the nuclear envelope 
=o broke down at 60-70 min, shortly after the increase in [Ca?*].. 
. Similar results were obtained even if external calcium was 
lowered to 107" M, indicating that ammonia can eventually reset 
the intracellular calcium levels even in the absence of external 
calcium. This finding requires a revision of the conclusions 
с reached by Zucker et al. on the action of ammonia on the nuclear 
envelope^*. Using aequorin, they were unable to detect these 
low calcium concentrations during the ammonia treatment and 
so concluded that ammonia exerted its effect through alkaliniz- 
ation alone. Although ammonia does raise [Ca^*], after 40- 
55 min, earlier events, such as the acceleration of protein syn- 
(s thesis which starts 25 min after ammonia addition, must be pH 
;- responses not mediated by calcium? 
The observed correlation between mitotic events and changes 
in [Ca?*], does not prove that these changes are required for 
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: The study of retrovirus-induced leukaemias in mice is a powerful 
tool for the elucidation of the normal regulation of the 
haematopoietic system. The acute murine spleen focus-forming 
viruses (SFFV) can be classified according to the haematopoietic 
lineage on which they exert their effects in the adult mouse. Here 
we report a new SFFV isolate, the AF-1 virus, with the novel ability 
to transform cells of the mononuclear phagocyte lineage. The virus 
was isolated from sarcomas that were induced on passage of a 
cloned Friend helper virus (F-MuLV, 643/22F)' in newborn 
BALB/c mice. We have cloned the transforming defective subunit 
of the AF-1 viral complex in NRK cells and isolated several 
< subclones. Analysis of the proviral genome in two non-producer 

: cell clones reveals that AF-1 virus contains Harvey v-ras-specific 
sequences (Fig. 1). Thus, AF-1 virus is closely related to Harvey 
murine sarcoma virus ey: and is, at present, the only tool 
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splenomegaly and anaemia in adult DDD ( Fv-2*) (Table 1) ai 
B6.S mice (data not shown). DDD mice infected with A 
virus died within the first 25 days of the disease. C57BL/6 mic 
of Fv-2? or Fv-2' genotype were more resistant than DDD mice. 
C57BL/6 Fv-2' mice survived for up to 50 days after infection 
The relative resistance of C57BL/6 mice was also shown using 
spleen focus formation as the parameter of viral host range (T.F. 
€t al., unpublished observations). 


the observed events. The causal relationship between ionic 
mitotic events will be clarified when a means becomes avai 
for controlling [Ca?*], at given times. 
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Fig. 1 Southern bicts showing Ha-ras sequences. SstI( A) and- 
Kpn1(B)-digested high-relative molecular mass DNA was el 
trophoresed in horizontal 0.896 agarose gels and transferred 
nitrocellulose filters". The filters were hybridized in stringent con 
ditions'* to 10° c.p.m. mE! of ?P-labelled clone BS9. of v-Ha-ras 
(specific activity 2 x 105 c.p.m. ug!) ?. Lanes а, МЕК; b, AF124 
с, AFI24TC1,; d, 313; e, HT3. HindllI-digested c1857 DN 
served as relative molecular mass markers: kb, kilobases. AF124 
is an NRK non-producer cell. clone of AF-1 virus (see text), 
AF124Tcl3 is a subclone of AF124T. HT3 is a Ha-MSV non- 

producer cell clone” 
Intravenous 


injection of AF-1 virus rapidly cause 
















<The histological examination of AF-1 virus-infected DDD 
(Fv-2) mice revealed that the rapidly progressing spleen 
nlargement results from the growth of a tumour of the 
monocyte-macrophage/histiocyte lineage (Fig. 2). Transformed 
istiocytic cells were first detected in the marginal zone of the 
spleen 6 days after infection and then invaded the adjacent red 
and white pulp. At later stages these tumour cells were also 
found in bone marrow, lymph nodes, Peyer's patches and many 
enchymal organs, but not the thymus or the brain. During 
1e course of the disease, the cellularity of the bone marrow 
ecreased 10-fold and at later stages the tissue recovered from 
е femoral cavity consisted mainly of histiocytic tumour cells. 
€ disseminated and invasive growth of the malignant his- 
уйс neoplasm and the pronounced pancytopenia in AF-1 
“infected mice were strikingly reminiscent of human malig- 
nt histiocytosis (also known as malignant medullary 
eticulosis), which is a systemic and fatal histiocytic tumour of 
children and adults*~. 
е also studied the effects of AF-1 virus on haematopoietic 
ony-forming cells (Table 1): 18 days after infection of DDD 
with AF-1 virus, no early erythroid precursor cells (burst- 
ming units—erythroid, BFU-E) could be detected in the bone 
w. Late erythroid precursor cells (colony-forming units— 
ythroid, CFU-E) were markedly decreased in the bone marrow 
the spleen. The disappearance of erythroid colony-forming 
lis in the haematopoietic tissues of AF-1 virus-infected mice 
rrelated well with the progressive decrease of erythroid precur- 
f cells in the histological specimens. 
The myeloid/monocytic precursor cells (CFU-C), however, 
increased in the spleen of AF-1 virus-infected mice and 
ost of them proliferated in the absence of stimulating factors. 
ther time points after infection with AF-1 virus, DDD 
Fv-2') mice also showed factor-independent CFU-C in the 
е marrow. In our culture system this factor-independent 
-C formation from spleen cells of AF-1 virus-infected mice 
linear, with plating densities ranging from 10* to 10? cells 
dish, indicating that the factor independence is not related 
he presence of factor-producing accessory cells. We obtained 
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Fig. 2 Spleen of DDD mouse 10 days after infection with AF-1 
virus. The normal cellular composition of the marginal zone (mz) 
of the white pulp (wp) is replaced by cohesively growing histiocyte- 
like tumour cells spreading into the red and white pulp. The tumour 
cells are characterized by irregular rounded, elongated, reniform 
or lobulated nuclei of variable size with finely dispersed chromatin 
and one or several prominent nucleoli. They possess abundant 
pale eosinophilic cytoplasm with irregular blurred cell borders. In 
poorly differentiated tumour cells, strong basophilic staining of 
the cytoplasm is seen. Bi- and multinucleated cells (inset) and 
mitotic figures are present. Glycol-methacrylate embedding, 
Giemsa stain, х 240. 
further evidence from studies using secondary transfer of 
granulocyte- macrophage and macrophage colony-forming units 
(CFU-GM and CFU-M) of AF-1 virus-infected mice (ref. 7 and 
T.F., unpublished observations). Thus, all of 17 factor-indepen- 
dent CFU-C from bone marrow and all of 6 factor-independent 
CFU-M from the spleen of DDD mice 5 days after infection ` 
with AF-1 virus continued to proliferate after transfer to liquid 
culture without stimulating factor for 4 months, whereas the: 
proliferation of CFU-M transferred from uninfected controls to 
cultures without stimulating factors stopped after 4-6 weeks. - 

























Table 1 Effect of AF-1 virus on haematopoietic colony-forming cells in adult DDD mice 



























Spleen weight (mg) 
{mean of three measurements) 
:Haematocrit (% ) 
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Uninfected AF-1 virus-infected 
100 1,787 + 180 
49 34 

0 0 
180 x: 17 4+1.0 
0 0 
25x22 15x12 
0 0 
0 0 
0 0 

2243.1 0 

0 0 

0 0 

0 0 
30.1 0.3 40.2 

0 0 
104 + 12 37+4.2 
0 201.5 
6x12 2210.8 


ccce pe MEME MEC MEM MEE CMM me а а а enema nee ee Re тиетин аА 
Three-month-old female inbred DDD mice were injected intravenously with 6 x 10° spleen focus-forming units (SFFU) of AF-1-virus-and used 
г the experiment 17 days after infection. AF-1 virus was rescued from 19TC13 non-producer cells with the F-MuLV clone 643/22N. This helper 
rus alone does not induce spleen focus formation or splenomegaly in adult mice. The technique for the assay of haematopoietic colony-forming 
115 has been described elsewhere'>. Cells obtained from spleen cell suspensions or flushed out of the femoral cavity were plated at a density of 
10° cells per ml in Iscove's modified Dulbecco's medium (Boehringer, Mannheim) containing 10% fetal calf serum (Flow), 0.8% methylcellulose 
(Fluka AG, Buchs, Switzerland), 180 ug iron-saturated human transferrin (Behringwerke, FRG) in 35-mm Petri dishes (Greiner). Where indicated, 
0.5 Оті"! erythropoietin (Ep) partially purified from the urine of patients with Fanconi’s anaemia", was added. A 10% concentration of Wehi-3 
conditioned medium (Wehi) was used as a source of factors (multi-CSF) that stimulate BFU-E and CFU-C formation in vitro’®. Erythroid colonies 
f at least 20 cells were counted as CFU-E 2 days after the establishment of the culture. BFU-E form large erythroid colonies which were counted. 
y 9 of culture. CFU-C were recorded on the same day as BFU-E and represent the sum of macrophage, granulocytic and macrophage/ granulocytic 
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Fig. 3 HA15/A adherent (a, с) and HA15/S non-adherent (b, d) 
permanent cell lines obtained from spleens of DDD mice after 
infection with AF-1 virus. a, Cell line HA15/A is characterized by 
a pleomorphic cell type resembling macrophages. The cells 
obviously differ in size, cellular configuration and nuclear mor- 
phology. The cells are round or bi- and multipolar with round, 
oval or lobulated nuclei. The pale cytoplasm is heavily vacuolated 
and possesses long plump or delicately branched processes which 
occasionally terminate in irregular pseudopods. Multinucleated 
cells are present (с). b, Cell line HA15/S consists of monoblast-like 
cells of different size with round, chromatin-dense nuclei, strongly 
basophilic cytoplasm and prominent paranuclear Golgi bodies. 
Mono- or multinuclear polyploid cells with atypical nuclear con- 
figuration can be recognized. Both cell lines shown strong reactions 
with acid phosphatase (c, HA15/A cells) and nonspecific esterase 
(d, HA15/S cells). a, Giemsa, 127; b, Giemsa, X200. c, Acid 
phosphatase using naphthol AS-B1 phosphate as a substrate^, no 
nuclear stain х127. d, Nonspecific esterase using a-naphthyl butyr- 
ate as a substrate?, no nuclear stain, 200. 


We found that 25% of the factor-independent AF-1 virus- 
infected CFU-M could be further propagated and maintained 
as permanent cell lines. 

Cell lines were also easily established from spleen cell sus- 
pensions of AF-1 virus-infected DDD mice (cell line HA15) as 
early as 5 days after infection, which suggested early transforma- 
tion of the target cell by AF-1 virus in vivo. The transformed 
cells proliferated readily in culture requiring neither prior 
passage of infected tissue in vivo nor a long period of tissue 
culture, unlike, for example, Friend leukaemia cells". 

Shortly after establishment, the AF-1 virus-transformed cell 
lines mainly consisted of adherent slow-growing cells. Forced 
passage in culture resulted in the isolation of two sublines 
composed of either mainly adherent cells (HA15/A) or suspen- 
ded growing cells (НА15/5). Cytologically, HA15/S cells 
exhibited morphological features of monoblasts and НА15/А 
cells resembled macrophages (Fig. 3a, b). Both sublines showed 
activity of nonspecific esterase and acid phosphatase (Fig. 3c, 
d) but no expression of Mac-1 antigen", The lack of Mac-1 
antigen expression may either be a consequence of the viral 
transformation or indicate that the AF-1 virus target cell is 
among the subpopulation of mononuclear phagocytes that does 
not express this antigen, for example, the histiocytes of the 
spleen". HA15/A and HA15/S cells expressed Fc receptors, 
whereas only НА15/А cells could phagocytose immuno- 
globulin-coated polystyrene particles". HAIS cells released 
virus that transformed fibroblasts and caused spleen focus for- 
mation and splenomegaly. The pathogenic property of this virus 
was not different from the AF-1 virus rescued from the non- 
producer cells. 

Attempts to establish permanent cell lines from spleen cell 
cultures or CFU-C of uninfected or Ha-MSV-infected mice have 
failed; the cell lines ceased to proliferate after 2-3 weeks of 
culture. As both Ha-MSV and the AF-1 virus contain the ras 
oncogene (Fig. 1), it will be of interest to determine whether 
the immortalization of a subpopulation of mononuclear 
phagocytes is a property of either the ras oncogene or the viral 
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long terminal repeat of AF-1 virus in combination with the ras 
oncogene. So far, restriction mapping of the genomes of Ha- 
MSV and AF-1 virus has shown subtle differences between the 
two in the long terminal repeat region of the genome but not 
in the ras oncogene. Recently, AF-1 virus has been molecularly 
cloned to pinpoint the genetic elements that make its 
leukaemogenic properties so unique. 

In summary, AF-1 virus is a new murine spleen focus-forming 
virus carrying a ras-related oncogene that possesses the unique 
property of transforming cells of the mononuclear phagocyte 
lineage in vivo. The AF-1 virus-infected DDD mouse is uniquely 
appropriate as a mode! for studying the pathogenesis of human 


malignant histiocytosis, for which a viral etiology has been — 


proposed", 
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Human T-cell lymphotropic retrovirus type III (HTLV-II), also 
called lymphadenopathy-associated virus (LAV), has been iden- 
tified as the aetiological agent of acquired immune deficiency 
syndrome (AIDS)'~*. The sera of most patients with AIDS or 
AIDS-related complexes, and of asymptomatic individuals infected 
with HTLV-III, contain antibodies against antigens of HTLV- 
Ш*!®-!?‚ The characterization of these antibodies and their corre- 
sponding viral antigens is important not only for understanding 
immunity against HTLV-III and the pathology of AIDS, but also 
for the development of diagnostic methods and preventive vaccine 
for AIDS. Following the successful establishment of a long-term 
T-cell line permissive for HTLV-III replication’, large quantities 
of virus have been produced, facilitating the purification of viral 
proteins and the development of mouse monoclonal antibodies 
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against several viral antigens'°*, More recently, the structure of 
HTLV-II proviral DNA has been elucidated'? 5, We now report 
the production, by genetic engineering methods, of a peptide 
encoded by a gene segment of НТІУ-Ш. A 1.1-kilobase (kb) 
ORI DNA segment from an isolate of HTLV-III was inserted 
o a Ipp and lac promoter-coupled expression vector, pIN-III- 
pA. Escherichia coli transformants of this plasmid produced a 
peptide of relative molecular mass (M,) 15,000 (15K) which was 
strongly immunoreactive with anti-HTLV-III antibodies present 
n sera from AIDS patients. Lysates of the clones expressing this 
15K peptide inhibited the reactivity of the p31 virion protein with 





The peptide reacted with sera from all 20 AIDS patients but none 
of the 8 normal controls tested. These results suggest that the 
ptide may be useful for detecting anti-HTLV-III antibodies in 
blood samples. 

The expression vector used, pIN-IIl-ompA (ompA), contains 
the lipoprotein (the most abundant protein in E. coli) gene 
promoter (Ipp) and the lacUV5 promoter-operator (Fig. 1a)". 
The ompA vectors also contain the DNA segment encoding the 
Лас repressor, which allows the expression of the inserted DNA 
to be regulated by lac operon inducers such as isopropyl-B-D- 
thiogalactoside (IPTG). The ompA cloning vehicles contain 
three unique restriction enzyme sites, EcoRI, Hindlll and 
:BamHL, in all three reading frames, so that DNA can be inserted 
"into any of these restriction sites. 

Various restriction fragments were excised from the recom- 















GlyIleProTyrAsnProGI nSerGI nGlyVal ValGluSerMETAsnLysGluleu ------ 


v 
GCTGAATTCCCTACAATCCCCAAAGTCAAGGAGTAGTAGAATCTATGAATAAAGAATTA ---- 


AIDS sera, suggesting that it is a fragment of the viral p31 protein. 


binant clone ABH10, which contains а 9-kb HTLV-II] DNA. п 1bp downstream position: 4 


Fig. 1 a, Construction of recombinant plas- 
mids ompAI-R-6 (01R6), ompA2-R-7 (02R7) 
апа ompA3-R-3 (03R3) carrying HTLV-II 
inserts. The 1.1-kb EcoRI fragment was excised 
from. clone ABHIO, purified by gel elec- 
trophoresis and ligated to plasmid vectors pIN- 
IIl-ompA1, -ompA2 and -ompA3 which had 
been cut previously with EcoRI. The ligation 
‘mixture was used to transform E. coli K-12 
strain JA221 (ref. 17) and the resultant ampicil- 
lin-resistant colonies were isolated for further 
characterization. The 15,000- M, peptide is pre- 
sumed to start at nucleotide 41 and end at 
position 445 and the sequence of the short open 
reading frame extends from nucleotides 360 to 
965 (see text). The top line shows the restriction 
map of HTLV-III insert of clone ABHIO (refs 
13, 16). The dotted line indicates the left-hand 
and right-hand arms of А vector AgtWESAB. 
The solid line indicates the HTLV-II] DNA. 
The two shaded regions indicate the two open 
reading frames included in the 1.1 kb EcoRI 


Y ; 
GGAATTCCCTACAATCCCCAAAGTCAAGGAGTAGTAGAATCTATGAATAAAGAATTA ------ fragment, the 3' end of the pol gene and the 


SOR. b, The nucleotide sequence of the ompA 
signal peptide and the pertinent region of re- 
combinant plasmids 01 R6, 02R7 and 03R3. The 
sequence of the ompA signal peptide is boxed. 
The postulated Shine-Dalgarno sequence 
AAGGAG and the initiation codon ATG are 
underlined. Abbreviations: Ipp”, [pp promoter, 
lacP?, lac promoter-operator; AP", ampicillin- 
resistance репе. 


GCGAATTCCCTACAATCCCCAAAGTCAAGGAGTAGTAGAATCTATGAATAAAGAAT TA---~-~ 


insert in the SstI site of the vector AgtWES.AB (ref. 13). These - 
restriction fragments were then inserted into the ompA vectors 
in all three reading frames and used to transform E. coli JA221 
cells". Transformants were first screened for HTLV-III DNA 
by in situ colony hybridization using HTLV-II DNA probes'*, 
and the positive clones then screened for expression of HTLV-II] 
antigenic peptides using HTLV-III-specific antibodies. 

This approach identified several gene segments that encode 
peptides showing immunoreactivity with anti-HTLV-III anti- 
bodies, among these a 1.1-kb EcoRI restriction fragment. When 
this fragment was inserted into the ompA vectors in the three 
reading frames (Fig. 1a), IPTG induction of transformants of 
all three plasmid constructs, designated ompA1-R-6 (0186), 
ompA2-R-7 (02R7) and ompA3-R-3 (03R3), produced a 15K 


peptide that was strongly reactive with anti-HTLV-Ill antibodies |. 
in sera from AIDS patients (Fig. 2). This reactivity was not ^ 
detected with sera from normal individuals (data not shown). .- 


DNA sequence analysis of the three recombinant constructs 
confirmed that, as planned, each recombinant had. a different 
reading frame of the HTLV-II (+)-strand coupled to the coding 
sequence of each vector. Only in 03R3 was the reading frame 
of the inserted DNA in phase with that set by the signal peptide 
in the ompA vector; in 0186 and 02R7 the pol gene segment - 


DNA was out of phase (Fig. 15): Examining the DNA sequence: 


closely, we found that there was a 6-base pair (bp) ribosome: __ 
binding site; AAGGAG (Shine-Dalgarno sequence), located at _ 
nucleotide position 24-29 and an init tion codon, АТС locat ed ' 
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Fig. 2 Immunoreactivity with AIDS sera of HTLV-III antigens 
.produced in bacterial cells containing plasmids 01 R6, 02R7 or 
03R3. Lane 1, purified HTLV-II virions; lanes 2, 3, O1 R6 unin- 
‘diced апа induced with IPTG; lanes 4, 5, 02R7 uninduced and 
induced; lanes 6, 7, 03R3 uninduced and induced. Numbers оп 
ће right represent M, standards (х107 3), 
Methods. Cells were grown at 37°C їп L-broth containing 
100 pg ті! ampicillin to an Aso of 0.2. The cell cultures were 
7 then divided into two aliquots; IPTG was added to one aliquot to 
. а final concentration of 2mM (induced) and the other aliquot 
received no IPTG (uninduced). After 2 h incubation at 37 °C, the 
cells were collected and lysed in gel loading buffer". Total cell 
lysates from the equivalent of 0.2 ml cell culture or purified NP40- 
disrupted HTLV-III virions were electrophoresed on 12.5% SDS- 
polyacrylamide gels by the method of Laemmli”. The proteins on 
the gels were then. electrophoretically blotted onto. a 0.45-~m 
nitrocellulose filter? The blots were first incubated with à blocking 
-buffer (5% non-fat dry milk, 0.1% Antifoam A, 0.1% Na-azide in 
phosphate-buffered saline) for 2h at 37 °С and then with fresh 
blocking buffer containing 596. goat serum for 2h at room tem- 
perature. AIDS patients’ or normal donor sera were then added 
to a final dilution of 1:100 and the blots were incubated at 4°C 
overnight. After incubation the filters were washed three times with 
washing buffer (0.5% deoxycholic acid, 0.1 M NaCl, 0.5% Triton 
X-100, 10 mM phosphate pH 7.5, 0.1 mM phenylmethylsulphonyl 
fluoride) for 30 min each and then incubated with fresh blocking 
buffer containing 5% normal goat serum for 1h before adding 
125] labelled goat anti-human IgG (10 &Ci pg ') to a final dilution 
of 1x10 c.p.m. ml^'. After 30 min, the iodinated probe was 
removed and the nitrocellulose blots were washed with washing 
buffer three times for 20 min each, dried and exposed to Kodak 
XAR-5 X-ray, film. 





` peptide synthesized by all three recombinants is translated from 
the transcripts using this internal.initiation codon. If this is true, 

{һе peptide would start from the ATG located at position 41-43 

гапа end at the stop codon at position 446-448, producing a 

"peptide of 135 amino-acid residues encoded by the 3'-end seg- 
ment of the pol gene of HTLV-III. As further evidence that the 
15K peptide is indeed derived from the pol gene, clones contain- 

„ing only the 5'-end. EcoRI/ Ndel fragment (Fig. 1a) still pro- 
duced the same 15K peptide (data not shown). 

In addition to the 15K peptide, the 03R3 construct, in which 
the reading frame of the HTLV-III. DNA pol gene is in phase 
with that set by the vector, produced another two peptides ~ 19K 
and 16.5K in size (Fig. 2). It is possible that the 19K peptide 
contains an additional 35 amino-acid residues, 21 of which are 

from the signal peptide encoded by the ompA3 vector, with 14 

-< encoded by the inserted HTLV-II DNA itself. The 16.5K pep- 

tide may be the processed 19K peptide in which the signal 

s; peptide is cleaved. 

"The 01R6 and 02R7 constructs also produced another peptide 
of ~17.5.K (Fig. 2) which was weakly reactive with sera from 
AIDS patients, but whose origin is unclear. Note that the 1.1-kb 

“EcoRI fragment contains a second potential coding region, 
<- designated as the short open reading frame (SOR), extending 
from nucleotides 360 to 965 (Fig. 1a)'$. Four of the five AUG 
methionine codons in this region are near the 5' end of this 
open reading frame. However, there is no clearly recognizable 





x ribosome binding site at the 5' end of this open reading frame. 
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another virion protein, p31, in contrast to a previous proposal 







































12345 ^6 278 9 10a b 


Fig.3 Inhibition of reaction between HTLV-IIT antigens anda 
AIDS serum Бу 01R6 iysate. Lanes 1-5, O1 R6.cell lysate of 50, 75, 
100, 200 and 400 yl, respectively: lanes 6-10, control cell lysate о! 
50, 75, 100, 200 and 409 yl, respectively; lane a, no cell lysate 
serum from AIDS patient A60); lane b, no ‘cell lysate. (with: se 
from AIDS patient E.Y.). . 
Methods: Clone 01R6 or control ‘cells in 10-ml cáltutes: were: 
induced with IPTG at ап Ago, of 0.2 and the cells were collected’ 
after 2 h, resuspended in 1 ml 10 mM Tris-HCl pH 8.0, and s 
cated. NP40-treated HTLV-II was fractionated on a 12.5% SD: 
polyacrylamide gel and electro-transblotted onto a nitrocellulose. 
filter paper. The paper was cut into: —30 strips which were then 
incubated with a.well-characterized AIDS. serum (from patient 
E.Y., which had elevated anti-p31 antibodies) in the presence of 
increasing amounts of lysate of clone 01R6 (lanes 1-5) or a negative: 
control (lanes 6-10). The lysates were then used in the competiti 
inhibition immunoassay: The further immunoblotting procedure 
was performed as described for Fig. 2..- 


a НТІУ-Ш 
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Fig.4 The presence of antibodies against the recombinant HTL 

IH-encoded 15K peptide in sera from AIDS patients and healthy 

individuals. Purified. HTLV-IH. virus (a) or total cell lysate. 

bacterial.clone 01R6 (b) were electrophoresed and electroblotted. 

onto: nitrocellulose: filters, and protein strips were. reacted Wi 

serum samples as described for Fig. 3. Lanes 1-3, healthy donors 
lanes 4-11, AIDS patients. 


Furthermore, several recombinant чен containing DNA fra 
ments of the SOR, when inserted into the open reading fran 
vector. pMR100, -produced  ACI-HTLV-1II- 8-galactósida 
tripartite fusion proteins which showed little immunorea 
with anti-HTLV-III antibodies in sera from AIDS patients" 
Because the RNA- dependent DNA polymerase of retroviruses 
is a minor component of the virions, we were surprised to detect 
immunoreactivity against the 15K peptide in sera from АН: 
patients. To identify this immunoreactive peptide with res; 
to the banding pattern of HTLV-III virion antigen in SD 
polyacrylamide gel electrophoresis, we used a competition in 
bition immunoassay. Identical filter strips containing elec 
trophoresed disrupted HTLV-III virions were incubated with a 
well-characterized serum from an AIDS patient in the presence 
or absence of lysates of 01 R6, or control bacterial clones. Lysates” 
of O1R6 blocked the immunoreactivity of the viral p31 protein: 
with the AIDS serum, but lysates of control cells did not (Fig 
3). This result suggests that the recombinant 15K: peptide. 
encoded by the 3' end of the viral pol gene is also a part: of 

























те ани and normal ЕР рер was tested in Western 
blo analyses using 01R6 lysate as the source of antigen. All of 


15K peptide (F 4), indicating that most, if not all, AIDS 
ts produce antibodies against the viral p31 protein. 
us, the I5K peptide described here seems to be encoded 
the 3 end. of the viral pol gene located at the 5’ side of the 
-kb EcoRI fragment and to be related to the HTLV-III virion 
ein p31. The precise nature of the viral p31 protein remains 
r. However, in other retroviruses, such as avian myoblas- 
; virus and murine leukaemia virus, the 3' end of the pol 
has been shown to encode, іп addition to the reverse 
riptase, an endonuclease, ‘RNase Н, which seems to be 
ial for virus replication””'. The p31 peptide encoded by 
of the HTLV-I pol gene may represent the corre- 
ding RNase H of this virus. Work is in progress to purify 
sequence the 15K peptide from bacterial clones expressing 
1e eptide i is also: being evaluated for use as the solid- phase 


intibodies in serum samples. _ 
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1e of the open reading frames on hepatitis B virus (HBV) DNA 
comprises the coding region (designated the env gene) for the virus 
ope proteins. Studies on messenger RNA transcription suggest 

s gene has the potential to code for three related proteins!: 
bt of 226 amino acids identified as a major protein 


me рагом оѓ the sane (pre-S); à a 





Table 1 Interaction of HBV (HBsAg) with human hepatoma cells 






















































"Percentage of 
cells attached to 


Cells used Antibodies added HBsAg-cellulose 
HepG2 (human — ... 80-95 
hepatoma) (14 experiments) 
HeLa — 10-20 
Rat hepatocytes << 10-20 
HepG2 Anti-pre-S(120-145) 60 
(15 mg IgG ml!) n 
HepG2 Anti-pre-S(12-32) 30 
(15 mg IgG mi) BUR 
HepG2 Anti-pre-S(120-145) p 
t anti-pre-S(12-32) 20 
(7.5 mg IgG ml^! each) ut 
HepG2 Anti: HBV serum devoid |^ e 8. 
of anti-S-protein? GUI M 
HepG2 — 20 (BSA-céllulose) 





HBV (HBsAg) was attached to N-N’:p-phenylenedimaleimide- 
derivatized sulphydryl cellulose under conditions described for linking 
of рге-5(120-145)2. About 4 mg of НВУ (HBsAg) was linked to 1g of - 
the cellulose derivative. A control cellulose derivative was prepared Бу 
linking bovine serum albumin (BSA) to the activated matrix. The cel- 
lulose derivative (40 mg) suspended in TS (0.14M ‘NaCl, 0.01 Tris- 
НСІ, 0.02%. NaN, pH 7.2) containing 10 mg ті! BSA (TS-BSA) was 
mixed with ~2 x 10" washed HepG2 human hepatoma cells'>; suspended 
in TS-BSA and incubated for. 30 min at 37 °C, followed by 1h at 4?C. 
HeLa cells and clone 9 normal rat liver cells (American Type Culture 
Collection) were used. as controls. The cell/cellulose mixtures were 
layered оп top of 1 ml. of 33% (w/w) Hypaque and centrifuged at 
3,000 r.p.m. for 2 min. The cellulose derivative with attached cells pel- 
leted іп these conditions; unattached cells recovered from the 
Hypaque/TS-BSA interphase were diluted five-fold in TS-BSA and . - 
pelleted by centrifugation. The relative proportion of adsorbed and ^. 
unadsorbed. cells was determined by measurement of lactate dehy- 
drogenase (LDH) activity in appropriate aliquots of cell lysates obtained 
after exposure to the detergent Triton X-100 (5 mg ml~' іп НО). LDH - 
activity was determined using Sigma diagnostic kit no. 500. In initial 
experiments, similar results were obtained. with HBV-cellulose and —< 
HBsAg-cellulose. Because of the limited quantities of HBV available, 
HBsAg-cellulose was used in subsequent experiments. 





protein corresponding to the entire env gene (pre-S + 5). Synthetic 
peptides from the N-terminals of proteins (2) and (3), and antisera 
to them have been used to study the occurrence and properties of 
pre-S sequences. The results presented here provide unambiguous 
evidence that all three env encoded proteins are present in HBV 
particles; synthetic peptides corresponding to the gene encoding 
pre-S are highly immunogenic and can be used in diagnostic tests 
for detection in human sera of antibodies preferentially recognizing 
HBV; such antibodies, specific for pre-S determinants, are elicited 
during hepatitis B infection and by immunization with HBV pro- 
teins (2) and (3); the hepatitis B vaccine licensed in the United 
States does not contain pre-S proteins; and the pre-S proteins of 
the HBV envelope contain domains: specifically recognized by liver 
cells. These findings suggest that pre-S determinants are important 
in virus-neutralizing responses ‘and should Бе. present in HBV 
vaccines. cus 
Peptides corresponding to the N-termitals of. proteins ө) апа ^ 
(3) were synthesized and used to raise antisera in rabbits. High ^ 
levels of anti-peptide antibodies were elicited (Fig. 1A, B). °°. 
The use of anti-pre-S (120-145) in Western blots of HBV 
particles identified components of relative molecular mass — 
(M) ~ 33,000 (~33K), ~36K, —45K and —67K (Fig. ІС, lane 
d). A similar experiment with anti-pre-S (12-32) identified the 
7 45K protein alone (data not shown), indicating that this com- 
ponent corresponds to protein (3), the full-length translation 
product of the env gene, while the ~33K and ~36K components 
correspond to protein (2):*. The ~45K component was not 
detectable in Western blots of 22-nm sub-viral particles lacking 
the о (hepatitis B surface antigen HBsAg)’. This 






































































Fig.1 А, В, Radioimmunoassays 
of IgG antibodies in serial dilutions 
of: rabbit antisera to pre-S (120-145) 
СА) or pre-S(12-32) (B) (8), to HBV 
(O) (devoid of antibodies to S- 
protein detectable by RIA“); IgG (A) 
and IgM (A) in serum of a patient 
who had recovered from hepatitis B. 
The latter serum was obtained before 
antibodies to the S-protein were 


strips (Dynatech Laboratories) were 
coated with 20 ug mI"! of either free 
pre-S(120-145) or pre-S(12-32), then 
coated with gelatine (2.5 тат! in 
0.1 M Tris, pH 8.8). The conditions 
for coating and the double-antibod y 
RIA. were described elsewhere”! 
The peptides corresponding to sub- 
type adw2 (ref. 16) were synthesized 
“as described elsewhere”; their 
“sequences are MQWNSTAFHQTL- 
QDPRYRGLYLPAGG ([pre-S(120- 
145)] and MGTNLSVPNPLGFFP- 
DHQLDP (pre-S(12-32)], according 
to the one-letter amino acid code. C, 
Polyacrylamide gel electrophoresis 
of НВУ (а, 2), serum-derived 
HBsAg after pepsin treatment (com- 
ponents of the Merck, Sharp & 
Dohme hepatitis B vaccine)! (b, e), 
°° and HBsAg produced in yeast’ and 
. oo Jacking sequences corresponding to 
__pre-S protein (c, f). Separated poly- 
peptides were either stained with sil- 
"ox. ver (a-c) or transferred to nitrocel- 
{ lulose and reacted with anti-pre-S 
(120-145) followed by '"Llabelled 
; protein A (d-f)?. D, Development 
of antibodies to the рге-$ gene- 
encoded protein of HBV during 


acute hepatitis B infection. Antibodies to pre-S (120-145) were quantified; HBsAg, anti-HBs and anti-HBc.were assayed using commerical 
test kits (Abbott Laboratories). The broken line at the end of the bars corresponding to the different markers of HBV infection indicates their 
presence at the end of surveillance. Antibody titres represent the highest dilution of serum at which radioactivity counts corresponding to the 
specimens, divided by counts corresponding to equally diluted control serum, were =2.1. | 


detectable. Immulon 2 Removawell : 


Antibody bound 


2 


counts min 


о 


Т 


D 





(radioactivity, 10 












` 


D 
4 ^ атн. НБ J 





А a en er dr d E 








o 
SEG 


EET: is. io zi. fs 
87х20 5x20 5x20 87:20 5'a20 5520 5:20 20. 5520 58x20 Ej ET Z0 55x20 51:20 5x20. 20 


abcdef 


HBsAg’. To confirm this, we studied the reaction of an anti- 
c НВУ serum with two synthetic peptide analogues of the pre-S 
protein; the antiserum reacted at high dilutions with both pep- 


.. tides (Fig. 1A, B). 









27 The synthetic peptides were also recognized by antibodies in 
sera of individuals who had just recovered from acute hepatitis 
B(Fig. 1A, B). Figure 1 D shows the time course of development 


оГ antibodies recognizing pre-S (120-145) in a selected patient; 
с similar results were obtained when antibodies recognizing pre-S 

(12-32) were assayed (data not shown). IgM antibodies recog- 
. ;nizing the peptides were detected during HBsAg antigenaemia 
-before antibodies to the S-protein (anti-HBs) or to hepatitis B 

core antigen (anti-HBc) were detectable. After production of 
v the latter two antibodies, the titre of antibodies with anti-pre-S 
э specificity declined. In some cases, antibodies recognizing the 
^ synthetic peptides were present even before HBsAg was detected 








ла plasma, or when HBsAg never appeared in blood and the 
only marker for hepatitis B was anti-HBc and later anti-HBs: 

HBV particles were recognized much more. efficiently than 
“HBsAg i in radioimmunoassay (RIA) tests with anti-pre-S (120- 
:145) (Fig.2) or with antibodies to HBV particles (data not 
shown); this result implies that determinants specific for. the 


-. preS region of protein (2) are more abundant in HBV than in 


3 HBsAg. Treatment of HBsAg with 
preparation of hepatitis. B vaccine’ 


LN 


psin, a step used in the 
resulted in a ~10°-fold 


decrease in reactivity to anti-pre-S (120-145) (Fig.2), HBsAg 
from vaccines derived either from infected plasma ог produced 
кїп yeast!" had. =1/5,000 of the reactivity of intact HBsAg in 






< these tests (data not shown; see also Fig. 1C). Human subjects 
-vaccinated with either of these vaccines did not develop detect- 
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Fig. 2 Radioimmunoassays of various preparations containing 
HBV-specific proteins on polystyrene beads coated with anti-pre- 
S(120-145) IgG. The antigens tested were: HBV (8), HBsAg (Q) 
and HBsAg treated with pepsin (1 mg ml” 1 HBsAg, 50 рат 
pepsin in 0.1M glycine-NCI pH 2.2, 2 h at 37°C) (L1). RIA perfor- 
med as described elsewhere”. The concentration of HBsAg S- 
protein was adjusted to the same level in all preparations based 

on RIA tests (AUSRIA, Abbott Laboratories). 





able antibodies recognizing either of the two synthetic peptidi * 
whereas 7 out of 12 individuals who received a vaccine consisting - 
of intact HBsAg" developed these antibodies. 
Quantitative aspects of the immunological cross-reactivity - 
between pre- -S gene-encoded sequences exposed on HBV 
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Fig. 3 Jobin of the reaction of anti-pre-S (120-145) IgG with 





and HBsAg (A) preparations contained the same 
at of. HBsAg S-protein as determined by. RIA 
AUSRIA, Abbott Laboratories). The inhibition tests and the pre- 
ration of peptide-B-galactosidase conjugates were as described 
ewhere!*""; Anti-pre-S(120-145) did not react with unconju- 
gated B-galactosidase. The concentration of free peptide sufficient 
for 50% inhibition of the reaction of pre-S(120-145)-B-galac- 
_tosidase with anti-pre-8(120-145) is —1/100 (w/w) of that for 
BV. However, as the M, of pre-S(120-145) is —3K and that of 
1BV protein components reacting with anti-pre-S(120- 145) (rep- 
esenting a minor (<20%) portion of the total HBV mass) is 
tween ~33K and ~67K, the calculated molar concentration of 
he HBV pre-S protein required for 50% inhibition is approxi- 
mately the same as that of the peptide analogue. 


ticles (oron HBsAg) and the synthetic peptide analogues were 
died in more detail. The results (Fig. 3) indicate that HBV 
ibited completely the reaction between anti-pre- -S (120-145) 
i pre-S (120-145)-8-galactosidase. There is no significant 
ulation of anti-peptide antibodies which recognizes the syn- 
peptide but not the native protein. Such antibody sub- 
tions are frequently observed in other antisera raised 
jainst synthetic peptide analogues of viral proteins'*'*. The 
lar concentrations of HBV and pre-S (120-145) required for 
inhibition were approximately the same, indicating that 
“antigenic determinants on the peptide analogue and on the 
esponding segment of the HBV envelope protein(s) are 
ical or closely related. HBsAg has about one-fifth of the 
Рону activity of HBV. The inhibitory activity of pepsin- 


"Fable 1) show that HBsAg (HBV) reacts. with human 
epatoma cells and that this reaction is inhibited by antibodies 
synthetic peptides corresponding to the pre-S gene. Normal 
abbit IgG, as well as antibodies to the S-protein (elicited by 


in hepatitis B virus infection and in the human immune 
onse to HBV, and therefore should be included in hepatitis 


© < thank T. Haima: P. Sproul and E. Seda for technical 
assistance; Dr D. G. George for computer searches; Drs E. 
‘Emini, №. J McAleer, Р. B. Hollinger and J. L. Dienstag for 
epatitis B vaccines and human sera; and Dr W. J. Rutter for 
providing us with unpublished data. 


Py 


Received 10 October 1984; accepted 7 March 1985, 


utter, W.J. et alin: Viral Hepatitis ‘and: Liver Disease (eds Vyas, G. N., Dienstag, J. L& 
Hoofnagle, J.) 67-86 (Grune & Stratton; Orlatido, Florida, 1984). 
leurath, А. К, Kent, S. B. Н. & Strick, N. Science 224, 392-395 (1984). 


e W: & Gerlich, WOH, J. Virol. 46, 626-628 Нани 


introduction of : a positive charge i is ofte balanced by 









B Меша, AR. Strick, М. & Huang, C. Yo A gen. Virol 48, 53-61 (1980). 

Alberti, A., Diana, S, Sculard, G. H., Eddleston, A. L. №. F. & Williams, К. 

1056-1058 (1978). 

9. Heermann, К. Н. et al J. Virol, 52, 396-402 (1984). М 

10. НШетап, M. R. et al in Viral Hepatitis, 1981 int. Symp. (eds Szmuness, W., Alter, Н. J. & 0 
Maynard, J. E.) 385-397 (Franklin Institute Press, Philadelphia, 1982). 

11. McAleer, W, J, et al. Nature 307, 178-180 (1984). 

12, McAuliffe, V. J., Purcell, R. H., Gerin, JL. & Tyeryar, F. Lin Viral Hepatitis (eds Szmuness, 
W., Alter, H. J. & Maynard, J. E.) 425-435 (Franklin Institute Press, Philadelphia, 1982). 

13. Neurath, A. R., Kent, S. B. Н. & Strick, N, Proc natn. Acad, Sci. U.S.A. 79, 7871-7875 (1982). 

14. Komoriya, A. et al Proc. natn. Acad. Sci. L.S. A. 81, 1351-1355 (1984). 

15. Aden, D. P., Fogel, A., Plotkin, S., Damjanov, I. & Knowles, B. B, Nature 282, 615-617 
(1979). 

16. Valenzuela, P. et al Nature 280, 815-819 (1979). 

17. Neurath, A. R., Kent, S. B. H. & Strick, М. Virus Res, 1, 321-331 (1984). 


| Br med. 















Intragenic recombination leads - 
to pilus antigenic 
variation in Neisseria gonorrhoeae 


Per Hagblom*?, Ellyn Segal*, Elizabeth Billyardt 
& Magdalene Sot 


* Department of Microbiology, University of Umea, 

S-901 87 Umea, Sweden 

t Department of Molecular Biology, Scripps Clinic and Research 
Foundation, 10666 N. Torrey Pines Rd, La Jolla, 

California 92037, USA 





The pilus of the bacterium Neisseria gonorrhoeae is a fimbriate 
surface structure which promotes attachment of the bacterium to 
host epithelial cells'~*. Gonococcal pilus phase variation is charac- 
terized by a rapid on/off switch in which piliated (P*) cells throw 

off non-piliated (P) variants and vice versa. Two regions of the >. 
gonococcal chromosome ( pilE1 and pilE2) act as pilin expression .. 
loci’, reminiscent of the MAT locus in the yeast Saccharomyces: 
cerevisiae®, while several other chromosomal regions contain silent 
(non-expressing) pilin sequences®. Biochemical and antigenic | 
diversity is seen in pili from a wide variety of clinical isolates ^!',- 
Pilins (pilus subunits) are composed of conserved N-terminal and 
variable C-terminal regions'*; ; the conserved region of gonococcal 
pilin is also found in pilins produced by widely disparate bac- 
teria"-7'5, We show here that the gonococcal pilin undergoes 
antigenic variation in vitro and in vivo. The protein consists of 
constant, semi-variable and hypervariable regions. This antigenic 
variation probably involves gene conversion of mini-cassettes of 
pilin information. 

To study pilus antigenic variation in N. gonorrhoeae, lihes of 
phase variants of strain MS11 were established whose members 
differ from each other in their piliation state (Fig. 2). Pilin 
transcripts from these derivatives were sequenced by the primer 
extension method, MS11 can express at least seven different 
pilin genes (Figs 1a, 2). Within one line of derivatives, the P^ 
to P* switch resulted in the expression of a new variant (for 
example, 2C, E, С) or the re-expression of a former variant (for - 
example, 3G, 10E). Thus, pilin information is not lost during 
phase or antigenic switching. Those derivatives which express 
variant genes produce pili that are antigenically different from 
those of the MS11 progenitor (Fig. 2). y 

Attempts to obtain sequences of the 3-untranslated region of 
the pilin messenger RNA of variants 2C and 31 were unsuccess- — 
ful (Fig. 1). These alternative sequences are probably the result. - 
of aberrant recombination events occurring between a’ silent 
locus and the expression site. Our sequence. data on several 
expression loci in the P" state indicate that this region is often 
affected by the events regulating the P* to P^ switch". 

The pilin protein can be divided into three regions (Fig. 1). 
The first 53 amino acids are always conserved. А silent change 
has occurred at position 47 in variants 2C, МЕЗ and WG3 (data ` 
not shown), suggesting that the constant (C) region may be = 
shorter than 53 residues. Many amino-acid substitutions are ^ 
found within the semi-variable (SV) region (residues 54-114); 
Most changes here involve charged amino acids, but the S 
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Fig. 1 Pilin gene sequences includ- 
ing deduced amino-acid sequences 
from residue 50 to the C-terminus. 
The MS11 pilin DNA and amino- 
acid sequences? are shown at the top. 
This sequence is also found in 
variants 2E, 10A, 30C and 34C. a, 
Sequences from the MS11-derived 
P* strains; b, pilin gene sequences in 
the expression loci of the MS11- 
А derived P" variants; c, sequences of 
the pilins from the clinical isolates. 
Strains ML1, 2 and 3 were obtained 
from the same individual at different 
times; LP1 and WG3 were isolated 
from two other individuals (P. F. 
Sparling, manuscript in prepar- 
ation). Dashes indicate no sequence 
differences observed in these posi- 
tions. Parentheses indicate codon 
deletions. Codon and amino-acid 
changes are indicated where found. 
If the sequence change does not alter 
the amino acid at that position, only 
the codon change is shown Dots 
‚ above the bases indicate those posi- 
tions within the codon which have 
Changed. Insertions are presented 
below the variant sequences. Boxed 
amino acids in the top line represent 
the regions found to be conserved by 
comparison of all variant sequences. 
Primers were made by an Applied 
Biosystems 380A oligonucleotide 
synthesizer to regions which, by com- 
parison of the different sequences, 
were observed to be invariant. Primer 
extension sequencing was done 
essentially as described previously! 
except that kinase-treated primers 
were used. The reverse complement 
of the sequence of each primer used 
is indicated by a line above or below 
the topmost DNA sequence. As a 
control for the accuracy of the tech- 
nique, we have sequenced the 10A 
derivative and found it to be identical 
to that of the pilin gene from the 
progenitor previously determined by 
the Maxam-Gilbert technique®. A 
synthetic oligonucleotide ' com- 
plementary to a variant sequence was 
protected by mRNA from mung bean 
nuuclease digestion to the same 
extent as a synthetic oligonucleotide 
complementary to the pilin signal 
sequence. Thus, the pilin mRNA 
which was extended was also the 
major species expressed by the 
variants. Furthermore, the synthetic 
DNA did not prime the synthesis of 
any complementary DNA in RNA 
preparations from Р” B-series 
variants. 
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compensating substitution nearby, and vice versa. For example, 
a comparison of variants 10A and 10C shows that 10C has lost 
all charged amino acids at positions 79-84, but compensating 
charges in 10C сай be found approximately 10 residues down- 
stream. At the nucleotide level, these substitutions frequently 
involve two or three changes, both transitions and transversion, 
in a codon. The carboxy-terminal portion of the protein is highly 
variable; in addition to amino-acid substitutions, in-frame inser- 
tions and deletions of one to four codons occur. The amount 
: of variability here would explain the low immunological cross- 
reactivity of pili from different strains, as this part is 


immunodominant over the conserved portion of the protein 


11,18 


Two regions which bracket this hypervariable (HV) segment are 
always conserved; these centre around the cysteines at positions 
121 and 151, are 1 13 and 10 amino acids long, respectively, and 
may represent epitopes common to all gonococcal pili. 

In most variant genes, both the SV and HV sequences are 
entirely different from those of the progenitor. However, pilin 


variants of line 3 share the same SV gene segment but different 


HV ones. Thus it is possible to assemble complete genes by 
mixing SV and HV gene segments, a mechanism which would 
considerably increase the antigenic repertoire. 

The absence of a good animal model for gonococcal infections 
has hampered the study of im vivo pilin antigenic variation. 
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Fig.2 Left-hand side, a schematic representation of the protocol 
used for deriving the lines of pilus variants of. strain MS11. From 
the original MS11 strain, which is P* , several independent, P* 
colonies were randomly picked. (Piliation can be scored as differ- 


ences in colony morphology on a plate.) Each Р? isolate is the 2 


start of а line, each line is given a number and each constitutes 
the A-series, all of which are identical to the MS11 progenitor. P^ 
revertants are then randomly picked from each P* A-series. These 
have undergone a P* to P^ phase switch once and are now in the 
B-series: Subsequently, p* backswitchers can be isolated from the, 
different lines in the B-series; they now belong to the C-series. 
This procedure was used to obtain lines of variants which have , 
undergone the phase switch ‘several times. All manipulations were 
done in a PII, or opacity”, ; background. Piliation phenotype 1s 
given as P* or P- ,for piliated or ‘fhon-piliated variants, respectively. 
^ The subscripts A-I denote the position within the series-to which 
~ each variant belongs. The right-hand part of ‘the figure is a sche- 
matic representation of the pilus sequence information obtained 
from the P* variants from lines:2, 3, 10, 30 and 34. Each variant 
sequence is denoted by the style of the box surrounding the strain 
number. For example, the progenitor Pis, (at the top of the 
figure), 10A, 30C, 34C and 2E all express the same pilin gene ` 
variant. 2C, 3E, 2G,and 31 each express:a unique gene variant. 

Those strains which produce pilin antigenically different from that _ 

of ће progenitor are indicated by +,,next to the boxes, while those 

strains which produce pilin identical to that of the progenitor are . 

marked by —. The absence of + or — indicates that théimmuno- 

logical identity of the pilin from these variants has not been 

determined. Immunological identity is determined by immuno- 

diffusion". using crude pili preparations and antiserum directed 
against pili from-the MS11 progenitor. 

' Recently, an epidemic of gonorrhoea occurred'?. whose origin 
could be traced to a single source and whose isolates were shown 
to be members of the same strain (Р. F; Sparling, manuscript 
in preparation). We have chosen isolates from three patients for 
our sequence studies. One series (ML1, 2, 3) was obtained from 
a patient who was repeatedly infected between successful 
courses of antibiotic therapy. Two other isolates, 1Р1 and WG3, 
were from different patients. Our data (Fig. 1c) show that pilin 


antigenic variation did occur in vivo during the epidemic. It _ 


also occurred in the ML isolates obtained from a single 
individual at various times. However, because antibiotic therapy 
was instigated between each bout of infection and no sera were 
available from this patient, we cannot determirie whether pilus 
antigenic variation in these cases was caused by the selective 
pressure exerted by the host immune response or whether these 
individuals were infected by partners carrying an already variant 
strain. However, it is clear that a single "gonococcal source 
expressing one pilus type can, during the course of the epidemic, 
give rise to isolates which now produce variant pili. The C, SV 
and HV regions defined by the MS11 sequences are also observed 
` in these arent Thus, the everits contributing to the antigenic 


E 
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variation seen in vitro accurately represent those which control 
variation in vivo. ni 

The P* to P^ phase switch involves deletion of pilin < sequences 
from one of the two expression loci". In P^ variants 4.1B, 5.1B _ 
and 6.1В, we have observed a deletion from only one locus’. 
These variants are non- piliated, and their remaining intact 
expression site is, not transcribed (data not shown). However, 
Escherichia coli harbouring clones of these intact expression 
sites make pilin transcripts, suggesting that phase variation also 
involves a switch-induced regulator. Examination of the pilin 
transcripts derived from E. coli shows that sequence variation 
in 4.1B, 5.1B and 6.1B has occurred during the P* to P^ switch 
(Fig. 1b). The new gene vatiants have all the characteristics 
observed for the other P* backswitchers and, therefore, probably - 
encode functional pilins. These observations suggest that pilus 
phase and antigenic variation are closely, if not obligately, 
linked. 

Our ‘data strongly suggest that ihe pilus of N. gonorrhoeae 


“can undergo extensive antigenic variation. The mixing of SV 


with HV gene segments predicts that the silent loci will contain. 
truncated pilin sequences. Thus, antigenic variation would 
involve a multiple-step recombination event in which sections 
of the pilin gene are joined successfully. The generation of new 
pilin variants may involve those mechanisms postulated for the 
‘generation of immunoglobulin diversity, (see refs 20, 21), that 
is, somatic mutations in the silent copies, unequal crossing-over 
and/or imprecise joining of SV and HV gene segments (see 
Fig. 1a, line 3). Also, the tendency of MS11 derivatives to express 
certain variant sequences could be explained by a mechanism 
similar to that governing the preferential use of certain joining 
sequences in pre-B-cell immunoglobulin heavy-chain switch- 


‘ing’. Pilin sequences close to those involved in the initial pairing 


event between the silent and experession loci would be expressed 


_ preferentially. 


Whether other bacterial pili undergo extensive antigenic vari- 
ation is:unknown. The Moraxella bovis chromosome contains 
multiple pilin gene: sequences (C. Marrs, personal communica- 
tion). E. coli K-88 pilus? and P-specific pilus (S.:Normark, 
personal communication) variation involves in-frame insertions 
and deletions as well as single-base changes in specific regions 
of the structural gene. Thus, the mechanisms used by bacteria 
to generate immunologically variant surface proteins may be 
very similar, if not identical. 

We thank.Emily Chen for making the oligonucleotides and 
Beth Larsen for typing the manuscript. This work was supported 
by NIH grant DAN NSF grant PCM8340588- and MER 
grant Dnr 5428. | 
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The nonlinear 
Poisson-Boltzmann equation 


SPITZER! has reminded us that tlie non- 
linear — Poisson-Boltzmann ` equation 
(NPBE) contains a logical inconsistency. 
An early incisive analysis of this incon- 
sistency was given by Onsager’ 50 years 
ago. Unhappily, more recently, a consider- 
able confusion!? has accrued concerning 
the nature and consequences of the incon- 
sistency. Spitzer's* statement that “the 
NPBE violates the important electrostatic 
theorem of additivity of electrostatic 
potentials" is simply incorrect, and his 
recommendation that “the linearization of 
the NPBE is desirable, in principle" is 
entirely inappropriate. 

First we consider the nature of the 
inconsistency. Onsager? 
with the microscopic NPBE as it is used 
to describe the potential generated by a 
single ion in solution that is screened by 
the response to it of all the other ions in 
the electrolyte. As Onsager makes clear, 
the inconsistency derives from the replace- 
ment of the potential of mean force, w,,(r), 
in the correct Boltzmann relation (his 
equation (21); ref. 2), by the simpler elec- 
trostatic potential energy e}, (r) to obtain 
what is finally an inconsistent Boltzmann 
relation (his equation (13); ref. 2). The 
replacement is made in order to write a 
one-particle NPBE. Note that neither the 
Poisson equation nor the superposition 
theorem of electrostatics as such is ger- 


mane to the inconsistency studied by - 


Onsager. The confusion is compounded 
by a supposed connection of the linear 
superposition of electrostatic potentials to 
a linear dependence of space charge p on 
potential y (refs 1,3). In actuality, the 
linear superposition theorem of electro- 
statics* holds for an arbitrary distribution 
of space charge p(r). Thus, in theanalogue 
to the NPBE appropriate to Fermi-Dirac 
statistics, namely, the Thomas-Fermi 
equation", рос 2/2, For space-charge- 
‘limited currents in a planar vacuum 
diode$, px yw? ; in the analogous solid- 
state diode, poc 1, and so on. 

We next take up the consequences of 
the inconsistency. As noted above, the 


inconsistency refers directly to the micro-. 


scopic NPBE. However, it is important to 
note that most of the literature on the 
NPBE since World War II, including the 
Spitzer letter', is not concerned with this 
equation but rather with the macroscopic 
NPBE. This latter equation describes the 
spatial dependence of the average poten- 
tial generated by relatively large, charged 
surface(s) in contact with the electrolyte. 
This local average potential is what 
remains after all microscopic fluctuations 
have been averaged out. For the macro- 
scopic NPBE a new phenomenon comes 
into play when linearization finally fails 
(that is, at high surface-charge concentra- 
tions), which i is the formation of a counter- 
ion condensate close to the surface?. 


was concerned | 


a 


MATTERS ARISING 


Fixman” , in a theoretical study of the ^ 


problem within the framework of statis- 
tical mechanics, pointed out that substan- 
tial errors deep in the condensate lead to 


far smaller errors outside the condensate. ' 


He aptly described this phenomenon as 
"the buffering action of 'the condensed 
phase'" (ref. 9). This very pronounced 
decoupling of a large surface charge from 
the 'distant' bulk electrolyte is also a direct 
mathematical consequence of the NPBE, 
as shown for planar geometry by Verwey 
and Overbeek!?. The buffering action of 
the condensate, as predicted by the NPBE, 
is even more striking for cylindrical and 
spherical geometries, as shown by numeri- 
cal studies of this equation by Lampert 
and Martinelli (to be ‘published else- 
where). Fixman's numerical calculations 
led him to conclude that the NPBE is 
acceptable? up to local, condensate con- 
centrations as high as 2-3 M, provided that 
the bulk salt concentration does not 
exceed —0.1 M, which happens to be, 
approximately, that for physiological 
saline. It is also relevant here and perhaps 
not widely known that some 15 yr after his 
incisive criticism of the microscopic 
NPBE, Onsager used the macroscopic 
NPBE to calculate ‘The effects of shape 
on the interaction of colloidal particles!!. 
Spitzer! alludes to the difficulty of test- 


ing experimentally the Gouy-Chapman-_ 


Stern. (GCS) model for incorporating 
adsorption into double-layer theory, as 
constructed with the NPBE. If that is the 
situation in electrochemistry and colloid 
chemistry, then matters are improved con- 
siderably in biophysical studies of charged 
phospholipid bilayer membranes 
immersed in ап aqueous solution. 
McLaughlin et al^ showed, by adding 
small concentrations of divalent cations 
to a host solution of monovalent ions, that 
the observed shift in membrane potential 
‘disagreed strongly with predictions of 
linearized PB theory, but agreed 
adequately with GCS theory. In a recent 
critique of the work of several groups 
using various experimental techniques, 
McLaughlin concludes? “that fortu- 
nately, the GCS theory appears to be a 
good first approximation for describing 
the adsorption of cations to bilayer mem- 
branes". 

M.L. is on medical leave from Princeton 
University. , 


MURRAY LAMPERT ' 
Department of Electrical Engineering ` 
and Computer Science, 
Princeton University, 
Princeton, New Jersey 08544, USA . 
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Homologies in the avian 
tarsus 


MCGOWAN has к presented 
evidence from the avian tarsal joint for a 
wide taxonomic separatión between ratite 
and carinate birds. He implies that the 
pretibial bone of carinates is formed by 
ossification. of a portion of the car- 
tilaginous precursor of the calcaneum (a 
"calcaneal spur"), while in ratites the 
comparable structure is an ascending pro- 
cess of the astragalus. However, the 
youngest specimen he described was a 12- 
day-old quail embryo. Examination of a 
large series of cleared and stained chicken 
embryos shows that the 7-day-old embryos 
have separate cartilaginous calcania, 
astragali and tibiae, but no ascending pro- 
cesses or pretibial bones. Eight-day-old 
chicken embryos show  a' separate 
triangular pretibial chondrification above 
the calcaneum which does not appear to 
be part of either the astragalus or the cal- 
caneum. On day 9 the pretibial, astragalar 
and calcaneal cartilages fuse. The pretibial 
cartilage appears to fuse with both the 
calcaneal and astragalar cartilages. Only 
in the fused state could one mistake the 
pretibial chondrification for an extension 
of the calcaneum. By day 17 the pretibial 
bone (calcaneal spur of McGowan!) has 
begun to ossify; at this point it is the only 
tarsal bone undergoing ossification (Fig. 
2b-d of ref. 1). Thus, the pretibial bone 
is the last carinate tarsal element to chon- 
drify and the first to ossify. 

McGowan! shows that the first bone to 
ossify in the tarsal complex of ratites is 


the "ascending process”. We believe that 


this concordance between the ossification 
of the ascending process of ratites and the 
pretibial bone of carinates would be hard 
to explain if they are not the same bone. 
This is especially true when we consider , 
that the calcaneum is the last bone to ossify 
in McGowan’s preparations. 

McGowan! describes the “ascending 
process” of ratites as an ossification with 
a disk-like base and separate from the 
astragalus. He describes an early stage in 
the development of the distal end of the 
tibiotarsus as comprising a medial ossifi- 
cation and a lateral cartilaginous area. The 
lateral cartilaginous area has a dorsal spur 
which he considers to be “homologous 
with the precursor of the carinate pretibial 
bone”. The enlargement of the astragalus 
found in some ratites might be a derived 
character state related to neoteny. The ear- 
lier ossification of the astragular portion 
of the joint may increase the relative 
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importance of the astragalus in highly 
neotenic birds. Despite McGowan’s state- 
ments, the pretibial bone seems to rep- 
resent both a separate chondrification and 
ossification in carinates; we believe that 
this is also the case in ratites and that the 
difference (if it exists) between ratites and 
carinates is the result of varying amounts 
of overlap with the calcaneum and the 
astragalus. Because of the extreme lateral 
placement of the pretibial bone in some 
carinates, it may be confined to the region 
above the calcaneum (see Fig. 11 of Martin 
et al”), and after the chondrification has 
fused with the calcaneum it may resemble 
a ‘spur’ of that bone. On the other hand, 
falcons have the pretibial bone very cen- 
trally situated as in the ostrich, and most, 
if not all, of the fusion of the distal end 
of the pretibial bone is with the astragalus 
(Fig. 179 of ref. 3). A juvenile swan, Cyg- 
nus buccinator [Kansas University 79260], 
shows a pretibial bone ossifying separately 
from the calcaneum and partially overlap- 
ping the astragalus; except for its slightly 
more lateral position, it corresponds to 
McGowan’s description of the “‘astragalar 
process of the ostrich” which is a “well- 
ossified ascending process, expanding dis- 
tally into a disk of bone".! We believe that 
the present evidence indicates that ratites 
and carinates have a homologous ossified 
ascending process (pretibial bone) separ- 
ate from both calcaneum and astragalus, 
but that the position of this process may 
vary. We believe that, as originally sug- 
gested, the pretibial bone is a neomorph 
ossification providing a derived character 
for birds. The late chondrification of this 
element supports such an interpretation. 
The Mesozoic birds (Archaeopteryx, 
Enaliorgjs, Baptornis and Неѕреготіѕ) 
have the pretibial bone laterally placed 
and fused to the calcaneum as in carinates, 
but not as in theropods (Fig. 1b of ref. 1), 
and we would therefore caution against 
arguing that the pretibial bone of carinates 
is a derived character state within the Class 
“Aves. 

To view these results as in any way 
confirming the theropod origin of birds 
would be to beg the question. The only 
way McGowan could conclude that the 
ratite tarsal condition is more primitive 
than that of the carinates is by already 
assuming that theropod saurischians are 
the out-group most proximate to birds; 
this approach does not address the fact 
that pseudosuchians and crocodilians are 
also contested nearest out-groups*”’. 
McGowan’s own interpretation of his 
material would indicate that the bulk of 
the known birds (the carinates) do not 
have a theropod-like ascending process. 

We thank C. Wyttenbach and J. Gar- 
rison for the use of cleared and stained 
chicken embryos. H.-P. Schultze and M. 
Mengel critically read the manuscript, and 
R. Hermann typed it. Support for work on 
bird origins has been funded by NSF DEB 
7821432, KU 3251-5038, and National 
Geographic grant 2228-80. 
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MCGOWAN REPLIES—According to 
Martin and Stewart, the ascending process 
of the carinate tarsus commences as a 
chondrification independent of the car- 
tilaginous astragalus and calcaneum. This 
subsequently ossifies as a separate ele- 
ment, and a similar ontogeny is believed 
to occur in ratitites. The pretibial bone 
thus formed, a new element which is not 
homologous with the ascending process 
of theropods, provides a shared derived 
character for birds. 

My X rays of juvenile ostriches (ref. 1, 
Fig. 3b-c) confirmed Huxley's* belief that 
ratites, like theropods, have an ascending 
process that is continuous with the bony 
astragalus. Whether this process develops 
in ratites as an integral part of the 
astragalus, or, as Martin and Stewart con- 
tend, as an independent chondrification, 
and ossification, can only be determined 
embryonically. The earliest ratite embryos 
available to me were close to hatching, at 
which stage there 1s a prominent bony 
ascending process expanded distally into 
a disk of bone embedded in cartilage. That 
this entire structure is the astragalus, and 
not an independent ossification, is confir- 
med by examining early ostrich and emu 
embryos; these show that the car- 
tilaginous astragalus is drawn up into an 
ascending process, as Parker* described 
for the kiwi, and this subsequently ossifies 
to give the bony ascending process. Ossifi- 
cation commences at the tip of the car- 
tilaginous process, spreads distally and 
eventually extends across the entire width 
of the cartilaginous astragalus, as shown 
in my X rays of juveniles. Ossification of 
the corresponding process in carinates is 
confined to the process itself (ref. 1, 
fig. 2b-e). 

Ihave examined swan embryos ( Cygnus 
olor), and find that the pretibial bone 


develops as an ossification of a саг- , 


tilaginous spur, as described for other cari- 
nates’. Inasmuch as the pretibial bone 
ossifies separately from the bony cal- 
caneum, my observations! do not conflict 
with those of Martin and Stewart, and I 
believe that if they examined later stages 
of swan development they would find that 
the pretibial bone eventually fused with 
the calcaneum, as it does in the chicken 
(ref. 1 fig. 2f). 

One area of common ground I now 
share with Martin and Stewart pertains to 


the homology of the ascending process in 
ratites and carinates, but our conclusions 
differ radically. An examination of early 
duck embryos (days 8-11 of incubation) 
revealed a dorsal cartilaginous process 
from the lateral aspect of the astragalus, 
similar to that seen in early emu embryos 
(15-20 days)?. This early association with 
the astragalus is soon obscured by the 
fusion of the cartilaginous astragalus and 
calcaneum, and from then on the process 
develops in close association with the cal- 
caneum, as described previously!. Similar 
observations for gulls lead me to believe 
that the carinate pretibial bone is an astra- 
galar derivative, supporting its homol- 
ogy with the ascending process of ratites. 

Ratites, like theropods, have a bony 
ascending process that is continuous with 
the astragalus, but carinates have a derived 
condition where the process fuses with the 
bony calcaneum. Martin and Stewart deny 
that the (predominently lateral) carinate 
pretibial bone is a derived character within 
birds, noting that the ascending process is 
laterally placed in the earliest bird, 
Archaeopteryx, but this is the case in 
theropods! ; the significant point is not its 
orientation but whether it is continuous 
with the astragalus or the calcaneum. 

My conclusion that the ratite tarsus is 
more primitive than that of carinates does, 
of course, hinge upon theropods being 
phylogenetically closest to birds, a posi- 
tion I took at the outset with my reference 
to Ostrom's work. Citing a review by Ben- 
ton®, Martin and Stewart point out that 
pseudosuchians and crocodilians have 
also been proposed as the nearest avian 
out-groups. Their own bias for the 
crocodilian hypothesis is contained in a 
paper by Martin et al. Note, however, 
that Walker, the leading proponent of the 
crocodilian hypothesis, has recently 
reassessed the evidence, concluding that 
the hypothesis for a common ancestry of 
crocodiles and birds (above the thecodont 
level) should be rejected. 

Ithank H. Lumsden for supplying swan 
embryos; Dr A. D. Walker for access to 
his unpublished work; A. J. Baker for 


'reading the manuscript; and the Natural 


Sciences and Engineering Research Coun- 
cil of Canada for funding support. 
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In the aftermath _ 





P.M. Kelly 





Nuclear Winter: The Human and Environmental Consequences | 


of Nuclear War. 
By Mark A. Harwell. 
Springer-Verlag: 1984. Pp.179. DM 54. 





WITH a fresh spate of books ‹оп the 
“nuclear winter'' about to reach the market- 
place, it is appropriate that Mark Harwell's 
sober and detailed account of the biological 
aspects of the subject should be available 
first. It deals not only with the effects of 
a possible nuclear winter but also with the 
more direct, and inevitable, blast, fire and 
radiation damage caused by nuclear explo- 
sions. The book is based on a technical sup- 
port document produced, in collaboration 
with other biologists.and ecologists, for the 
conference “The World After Nuclear 
War’’.* It was at this meeting, held in 
Washington DC in late 1983 and the cul- 


mination of a series of exercises designed. 


to assess the scientific validity of the 
nuclear winter theory, that the first detail- 
ed findings concerning the possibility of 
widespread cooling and concomitant 
damage to the biosphere were announced. 

Shortly after the Washington conference, 
two summary papers were published in 
Science (222, 1,283-1,300). One dealt with 
the atmospheric component of the theory; 
the other with the biological aspects. To 
those aware of developments only through 
these papers or through brief, sometimes 
opinionated, accounts in the scientific press 
and the news media, there seemed to be a 
lot of fuss about a rather speculative 
notion. This was a mistaken impression. A 
great deal of carefully documented back- 
ground research was available to anyone 
who cared to look for it, as Harwell’s ac- 
count of the rigorous analysis supporting 
the biologists’ case clearly demonstrates. 

But how certain is the atmospheric scien- 
tists’ case? Since 1983, the principal con- 
clusion of the initial investigators, the 
possibility that a nuclear war would cause 
a major climatic excursion — an abrupt, 
` marked but short-lived change — has been 
confirmed by other researchers and by two 
review projects mounted by the US Na- 
tional Academy of Sciences (NAS) and the 
Royal Society of Canada (RSC). There are 
many areas of uncertainty, and the NAS 
and RSC reports carefully define them, but 
the risk of a nuclear winter now seems 
undeniable. 

The NAS committee concentrated on the 
atmospheric aspects of the problem, but 
noted that the impact of the climatic excur- 


H 


*The book resulting from the conference, The 
Cold and the Dark, has been published in paper- 
back in Britain by Sidgwick & Jackson under the 
title The Nuclear Winter: The World After 
Nuclear War (price £5.95). 
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sion on those who survived the initial ef- 
fects of a nuclear exchange and on the bio- 
sphere as a whole ‘‘deserves careful inde- 
pendent study". Progress on the physical 
side has been rapid since the Washington 
conference. Many points in the original in- 
vestigations have been clarified and the 
computer simulations of the nuclear winter 
effect have been substantially improved. 
On the biological side, progress has been 


slower. In part, this has been an unfor- | 


tunate by-product of the understandable 
reluctance of atmospheric scientists to pro- 
vide the type of detailed information on 
climate needed for rigorous impact assess- 


ment. Computer models of the climatic. 


system tend not to be sufficiently accurate 
on the spatial and time scales of concern. 

. One solution to this problem is to use 
scenarios for possible, in the sense. of 
physically plausible, nuclear winter climates 
in much the same way as atmospheric scien- 
tists assessing the climatic effects use a 
range of strategically plausible nuclear war 
scenarios. This is Harwell's philosophy. 
While concentrating on the consequences 
of a nuclear exchange in the 5,000 megaton 
range, the book provides the data necessary 
to assess the implications of any scale of 
exchange (or nuclear winter). 

Beginning with the. development of a 
nuclear war scenario, which provides the 
input data for the ‘‘consequence analyses’’, 
the direct effects of blast, fire and fallout 
(both local and global) are considered first. 
This area has been ‘addressed in depth in 
a number of studies, and Harwell’s main 
contribution is to quantify the impact in 
terms of casualties and damage to the bio- 
sphere in the United States. This section is 


an excellent introduction to the literature’ 


on these aspects of the post-nuclear world. 
The concept of the nuclear winter is then 
introduced and a detailed discussion of its 
effects on the biosphere forms the main 
part of the rest of the book. 

In considering the consequences of the 
principal assaults — temperature and 
sunlight .reductions, radioactive fallout, 
and the loss of technical and social support 
for agriculture — Harwell assesses the net 
impact on the human population and on 
the flora and fauna, the food supply for 
the survivors. Using numerical models 
whenever available, the impact is quantified 
in terms of human casualties and food 
availability. The emphasis is, for the most 
part, on the northern middle latitude com- 
bat zone, and grassland, forest, freshwater 
and estuarine ecosystems are subject to par- 








ticular scrutiny. Inevitably; some conclu- 
sions are more speculative than others, but 


- the reader is given all the information . 


necessary for'a personal assessment of the 
uncertainties. . 

, Іа the midst of this.description of the 
gross distortion and near-destruction of the 


ecology of the combat zone, some sur- 


prising insights into possible diets emerge. 
Ducks, for example, through metabolic 
generation of heat, could survive 
temperatures of —40?C for a couple of 
weeks (in the unlikely event that enough 
food was available). The analysis ends with 
a brief section entitled **Recovery Pro- 
cesses". I find the use of the word 
“recovery” in this context somewhat inap- 
propriate. **Coping"" and "'adaptation"' 
seem more suitable terms given-that many 
aspects of the-pre-nuclear environment 
(and civilization) might never be recovered. 
/ Harwell also discusses possible psycho- 
logical responses to the devastation that 
would occur, but wisely steers:clear of dog- 


.matic statements. Similarly, the nature of 


the fragmented post-nuclear social struc- 
ture is covered but no firm conclusions are 
reached. These areas have yet to be con- 
sidered in any depth but, as the author 
observes, such factors might well be crucial 
in determining whether or not use could be 
made of what limited food supplies would 
be available. Of particular concern, on the 


individual level, is the prospect of “рѕусћіс 
numbing” through which unacceptable 


aspects of reality are shut out and which 
could severely handicap the ability to sur- 
vive in the aftermath of nuclear war. 
Would any form of social organization, 
whether voluntary or enforced, be possible 
in such circumstances? 

The final section, *Summary of Con- 
sequences", is a sobering account of the 
conclusions of the study: the state of the 
world after nuclear. war. It left one ques- 
tion uppermost in my mind. What can be. 
done to provide viable civil defence and 
support for those who survived the initial 
attacks in the face of the multiple hazards 
of the post-nuclear world?' 

Harwell’s stated intention is “Чо provide 
a more comprehensive view of what the 
world would be like to-the immediate sur- 
vivors of a nuclear war’’ (p.xv). With the 
assistance of some (rather harrowing) im- 
aginative effort on the part of the reader, 
a portrait of the world after nuclear war 
does indeed emerge from the text. But the 
main strength of the book lies in the clear, 
dispassionate accumulation of the technical 
information needed to assess the implica- 
tions of the use of nuclear weapons. 
Harwell has produced an exhaustive, wide- 
ranging and, in many respects, pioneering 
treatise. which will Бе- an invaluable 
reference tool for anyone concerned about 
nuclear issues. . О 


Р.М. Kelly is a Senior Research Associate in the 
Climatic Research Unit, University of East 
Anglia 


Fundamentals of 
the fourth state 


C.N. Lashmore-Davies 


Handbook of Plasma Physics, Vols I 
and П. 

Edited by A.A. Galeev and R.N. Sudan. 
North-Holland: 1983/1984. Vol. I 
pp.751, $180.75, Dfl.425. Vol. II pp.850, 
$190.50, Dfi. 495. 


AT A TIME when the growth in the publi- 
cation of papers on plasma physics shows 
no sign of slowing, the appearance of two 
volumes which set out the basic ideas of the 
subject and provide summaries of all the 
main lines of research is particularly 
welcome. These two books are worthy suc- 
cessors to the Leontovich reviews and the 
Simon and Thompson series, and have the 
advantage of being published together. 
They contain 33 articles, 17 of which were 
contributed by 19 authors from the United 
States, 15 by 12 authors from the Soviet 
Union and one by two Japanese authors. 

Volume I deals with the principles of 
plasma physics, and is divided into four 
parts. The first covers the motion of 
charged particles in electromagnetic fields, 
atomic collision processes relevant to plas- 
mas and the various radiation phenomena 
which can occur in plasmas, concluding 
with an illuminating discussion of the dif- 
ferent modes of description of plasmas for 
low frequency phenomena and an account 
of the subtleties of collisional transport in 
magnetically confined plasmas. 5 

The remaining parts of Vol. I deal wi 
the collective nature of plasmas. An impor- 
tant feature of a plasma is the great variety 
of waves it can support. The nature of the 
linearized wave motions allowed by ideal 
MHD and the effect of allowing for a 
distribution of particle velocities are both 
described. Also included are treatments of 
fluctuations, geometrical optics and the 
conversion of one linear wave into another 
in an inhomogeneous plasma. 

When there is a reservoir of free energy 
in a plasma some of these wave modes can 
become unstable resulting in a great variety 
of instabilities. The many aspects of 
plasma instabilities from ideal and resistive 
MHD, the kinetic instabilities driven by the 
pressure gradient of a confined plasma, 
non-thermal particle distributions in 
velocity space and whether a given in- 
stability behaves like an amplifier or an 
oscillator are all systematically considered. 
An inevitable consequence of instability is 
that a plasma moves into a state in which its 
motion is non-linear. Since a plasma can 
support so many different wave motions it 
has been conjectured that a state of weak 
turbulence might exist, and in the final part 
of Vol. Itheconcepts behind this theory are 
lucidly set forth. 

Volume II follows on from its compa- 
nion, containing Parts 5-9, and is mainly 
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concerned with non-linear consequences. 
In many practical situations an enhanced 
level of long wavelength Langmuir waves 
can be generated (for example by an elec- 
tron beam or a laser) which, according to 
weak turbulence theory, should relax to a 
coherent Langmuir oscillation. The resolu- 
tion of this apparent paradox and the 
existence of three-dimensional, localized, 
high-frequency electric fields are beautiful- 
ly described by the discoverer of the 
phenomenon. Also discussed are the spec- 
tra resulting from weak turbulence and the 
numerical modelling of strong Langmuir 
turbulence. 

In hot plasmas the effect of binary colli- 
sions is often insufficient to explain various 
transport processes. The simplest of these 
phenomenais the dissipation of a current in 
an unmagnetized plasma, due to the 
generation of waves rather than inter- 
particle collisions, although even this 
apparently simple example is not fully 
understood. Other examples considered 
are the dissipation of intense laser light and 
finite amplitude waves in plasmas through 
the non-linear generation of waves. Similar 
but far more complicated situations occur 
in the cross-field diffusion of particles and 
energy in magnetically confined plasmas. 
This complex issue is surveyed, together 
with an attempt at a comprehensive sta- 
tistical description of plasma turbulence. 
These effects are generally referred to as 
anomalous although in many applications 
they represent the normal situation rather 
than the exception. 

Part 8 consists of two excellent reviews 
on the diagnostic methods upon which the 
subject of plasma physics rests; the first is 
concerned with radiative techniques and 
the second with the methods used in hot 
magnetically confined plasmas, com- 
plementing those discussed in the first arti- 
cle. Volume П also contains an informative 
account of the methods of particle simula- 
tion by computer and a thorough discus- 
sion of the equilibrium and stability of non- 
neutral relativistic electron beams and their 
interaction with plasma. 

Together, the books satisfy the aims of 
the general editors in encompassing most 
of the present-day knowledge of plasma 
physics, albeit from a user point of view. 
They are not suitable for someone requir- 
ing an introduction to the subject; 
although they take the reader to the fron- 
tiers of current research, they do not cover 
the general topic of the foundations of 
plasma kinetic theory nor do they contain 
more than a very brief account of the 
fundamental and fascinating subject of 
Landau damping. But those actively in- 
volved in research on plasma physics will 
find these volumes invaluable, as will ex- 
perienced workers in other fields wishing to 
acquaint themselves with a particular 
aspect of the subject. n 


C.N. Lashmore-Davies is at the Culham 
Laboratory, Abingdon, Oxfordshire (Euratom/ 
UKAEA Fusion Association). 
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Off the record 
John Parkington 


From Hunters to Farmers: The Causes 
and Consequences of Food Production 
in Africa. 

Edited by J. Desmond Clark and Steven 
A. Brandt. 

University of California Press: 1984. 
Pp.433. $63.25, £52.25. 


AFRICA, as one of my mentors once 
sagely remarked, is a very big place. It 
encompasses environments as diverse as the 
sand seas of the Sahara and Namib, the 
thirstlands of the Kalahari and Sahel, the 
heath communities of the Cape and 
Mahgreb, the savannahs of Serengeti and 
the tropical forests of Zaire. To understand 
the social and ecological events leading to 
and following from the transition from 
food gathering to food production over 
such a vast and varied area is a Herculean 
task. Yet archaeologists are nothing if not 
optimists, and the goal of From Hunters 
to Farmers s nothing less than this. A col- 
lection of 30 papers, it sets out to provide 
a synthesis of current knowledge and is, in 
effect, the published proceedings of a sym- 
posium held in Los Angeles in 1978. 

The volume is divided into four sections, 
the first consisting of three general papers 
which present a depressing but honest 
picture of how little we know about past 
climates, past population distributions and 
the circumstances surrounding the adop- 
tion of food production in Africa. Most of 
the contributions fall into the second sec- 
tion and are regional summaries of greater 
or lesser geographical scope. I wondered at 
this point what distinguishes papers that are 
quoted long after publication. Do they con- 
tain dazzling theoretical insights or essen- 
tial primary observations? Or do they 
reflect the spirit of their times? Regional 
reconstructions based on modest but ac- 
cumulating data sets are almost by defini- 
tion transitory phenomena. We all write 
and then rewrite them. 

To my mind the most interesting section 
is the third, in which the effects of the ac- 
quisition of domestic plants and animals by 
Kalahari San are documented. These three 
papers combine empirical observations 
with theoretical perspectives and will 
probably have longer lives than the regional 
accounts. Because they contribute to the 
realization that the San are, and have been, 
far from isolated from agriculturalists and 
pastoralists, they will have immediate im- 





New in paperback 


© The Creative Computer: Machine Intelligence 
and Human Knowledge by Donald Michie and 
Rory Johnston. Publisher is Penguin, price is 
£6.95. For review see Nature 313, 77 (1985). 
e When the Snakes Awake: Animals and 
Earthquake Prediction by Helmut Tributsch 
Publisher is MIT Press, price is $8.85, £9 25. For 
review see Nature 302, 763 (1983) 






















"pact. The only paper in the fourth section 
describes the difficulties involved in 
palaeodemographic reconstruction and 
_ provides а good overview of what we would 
~ like to know but usually find hard to docu- 
“ment archaeologically. 
5 As the editors undoubtedly expected, this 
. book is more valuable in what it shows up 
c, rather than what it shows off. The 
: contributors have demonstrated that we 
know very little of the climatic and en- 
‘< vironmental circumstances that preceded 
the appearance of domesticates, that the 
i: preservation of reasonable samples of 
plants and animal bones in archaeological 
contexts is variable but generally poor, that 
55: we have very inadequate dating of critical 
5s changes, and that models for understan- 
-ding how and why people shift into 
|. agriculture or pastoralism are only now 
"emerging. More seriously we see anar- 
= -chaeological record that is so residual and 
-fragmentary that it becomes malleable and 
an easy victim for a predatory hypothesis. 
In these circumstances it is extremely temp- 
ting to “ЧИ?” the archaeological evidence 
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onto superficially more substantial 
linguistic histories, climatic reconstructions 
or, more commonly, ethnographic models. 

Several of the contributors (particularly 
but not only Stahl, Ambrose, Klein, 
Gifford-Gonzalez, and McIntosh and 
Mcintosh) make the point that archae- 
ological observations have to generate 
some internal and independent consisten- 
cy. This comes only from sustained multi- 
disciplinary research into regional se- 
quences of events, something that few parts 


of Africa have so far enjoyed. What is | 


known is largely in this book. Although I 
would liked to have read more discussion: 
of theory and method, to have seen more 
concern with social than ecological issues 
and to have heard more talk of process, I 
recognize and recommend here a valuable 
summary of our current understanding of 
“the causes and consequences of food pro- 
duction in Africa’’. a 





John Parkington is in the Department of 
Archaeology at the University of Cape Town. 








Search for hay іп a 
needlestack 





| Harry Hertz 


Organic Trace Analysis. 

By K. Beyermann. 

Ellis Horwood/Halsted: 1984. Pp.365. 
- £35, 374.95. 


«THE search for trace organic substances in 
complex inorganic and organic matrices is 
^one of the most challenging problems 
facing chemists. It pervades all aspects of 
- our lives: the water we drink, the food we 
< eat, the environment in which we work and 
«dive, the quality of our manufactured goods 
|. and many aspects of our day-to-day health. 
“Klaus Beyermann's Organic Trace 
"Analysis, a generally very readable 
: -translation of the original German edition, 
.. is the first comprehensive description of 
"this developing field of analytical 
chemistry. 

Beyermann has aimed the treatise at a 
diverse audience, from the professional 
analyst to ‘‘science administrators, bio- 
logists, politicians [and] forensic experts”. 
While this is an admirable goal, it has led 
to occasional identity crises and uneven 
“presentation of various topics. Neverthe- 
less, if readers are willing to pick апа 
choose what to read they will find that the 
book does present an effective overview of 
he field. 

An outstanding feature is the references, 
some 3,000 of them. Much of the informa- 
^tion on previous studies is reported in 
tables, permitting easy access to the litera- 
ture. Furthermore, all the tabular entries 
(as well as the text itself) are extremely well 














the back of the book making | 





this an outstanding rapid-reference volume. 
The order of presentation follows’ the 
logical sequence of analysis: from general 
aspects through sampling, sample hand- 
ling, component separations and detection. 

There are, however, some flaws. The 
book as a whole is less evaluative of the 
literature than one would like, the author 
usually choosing to cite relevant works 
without any commentary. Section 2.4, 
which deals mainly with statistics, was not 
contributed by Beyermann and is. not as 
well written as the rest of the book. The 
level of detail in this introductory section 
is perhaps excessive, while the references 
here are more parochial than they are 
elsewhere; this could dissuade some readers 
from continuing. And the topic of sampling 
and storage is treated in a manner which 
belies the problem in this area of assuring 
analyses which accurately represent the 
native (in situ) concentration of the species 
of interest. 

As with any rapidly evolving field, by the 


| time a book has been through the publica- 


tion mill new discoveries have appeared and 
contributed to the science being discussed. 
Here consideration of such techniques as 
fast atom bombardment in mass spectro- 
metry and the impact of monoclonal anti- 
bodies on immunoassay is not included, 
and thus the book already has a somewhat 


dated look in parts. For all that, the pub- . 


lication of Organic Trace Analysis is 
undoubtedly a milestone in analytical 
chemistry. It is a handy reference volume 
for the practising analyst and a valuable 


introduction for the generalist who is | 


prepared selectively to read sections of 
the book. П 





Harry Hertz is Director of the Center for 
Analytical Chemistry at the US National Bureau 


| of Standards, Gaithersburg, Maryland. 
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reader, and it is a pity that the space taker 


. consideration of difficult concepts such 


‘upon diverse areas of biology, is anything 








































Angles on aphids 
M. Llewellyn 

Aphid Ecology. 

By A.F.G. Dixon. 


Blackie/Methuen: 1985. Pp.157. 
£17.95, $39.95. 











HIDS are specialist phloem-fee 
sects that have received world-wide 


agricultural ‘pests aud because of hi 


© intricacy and diversity of their biol 


aphid ecology by a leading 

search worker in both fields will thus at 
attention from a number of angles. Sat 
ing all potential readers — especially 4 
mere 136 pages of text — is a tall order 
but Professor. Dixon has succeed 
remarkably well. 

This book is as much about the biochem- 
istry, physiology, genetics and evolution o. 
aphids as about patterns and processes: 
ecology; it contains not only informati 
about a specialist taxon of insects but con 
stitutes an integrated approach to ecolog 
which, although often talked about, i 
rarely attempted. Many areas are excel 
lently reviewed. The accounts of su 
topics as “‘galling’’, polymorphism, geneti 
change, sexual morph production and hos 
alternation are a delight, and a large litera 
ture on the population dynamics of se 


ing and informative chapter. A few subj 
do not catch the imagination, however; | 
section on host plant finding and nutrition 
for example, is not particularly convin 
The book is peppered with the autho 
own ideas and theories — on aphid. size, 
ovariole number, reproductive strategies | 
and the aphid fauna of the tropics — which. 
may not find universal approval but whic 
will stimulate the work of aphid biologist 
for some time to come. 


approach to ecology, but I often fou 
them of little value because of the lack 
adequate background information. The 
condensed treatment of some topics, in par 
ticular reproductive strategies and aspe 
of migration, may baffle the genera 







by some figures was not used to exte 


these. 
After reading this book few will disagree 
that a broad approach to ecology , drawing: 













other than desirable. Here it has resulted 
in a challenging text which surely heralds 
the demise of the specialist and blinker 
approach to ecology so prevalent over the 
past 30 years. Cy 








M. Llewellyn is a Lecturer in the Department af. 
Biology at Queen Elizabeth College, Universit 
of London. Ие 
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Forensics and receptor binding 


Forensic drug analysis is covered in a new data sheet and a new system simplifies receptor 


binding assays. 


€ Latest option for EG&G Ortec's System 
5000 energy dispersive spectrometer is the 
Model 5165 system for digital beam control 
and X-ray colour mapping. The Model 
5165 allows the System 5000 to store and 
display up to 12 elemental maps of data 
acquired from an energy dispersive X-ray 
spectrometer connected to an electron 
microscope. All 12 maps plus a histogram 
and an expanded display of one of the 
maps may be displayed simultaneously. 
Reader Service No. 100. 

€ Two new polymeric ion-exchange 
columns have been developed by Inter- 
action Chemicals Inc. for the separation of 
peptides that are difficult or impossible to 
separate using silica-based columns. 
Column efficiencies approach 100,000 
plates per metre. The BIO-10 column con- 
tains a low capacity material particularly 
suited for separation of acidic peptides. The 
BIO-20 column contains a low capacity 
polymer that will easily separate basic 
peptides using low ionic strength eluents at 
elevated pH values. Acidic peptides are not 
retained on this column, so group separ- 
ations are readily accomplished. Both 
polymers are stable from pH 0 to 15 and 
can be used with most aqueous eluents. 
Reader Service No. 101. 





The Model 9600 from Eldex. 


€ The Eldex Model 9600 is an integrated, 
programmable solvent delivery system de- 
signed for applications ranging from micro- 
bore HPLC separations to high-resolution 
preparative scale purification. The Model 
9600 is designed to generate ternary 
gradients with pulse-free solvent delivery 
and is fitted ports for interfacing with other 
chromatography peripherals. 

Reader Service No. 102. 


These notes are based on information provided 
by the manufacturers. For further details circle 


the appropriate numbers on the Reader Service 
Card bound inside the journal. 
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@ Four new data sheets from Gow-Mac 
cover novel topics. One discusses **Forensic 
and Analytical Toxicological Drug Analysis", 
the second discusses other ‘‘Analytical 
and Toxicological Drug Analysis" the 
third discusses ‘Forensic Toxicology”, and 
the fourth discusses a new instrument, the 
740-770P series of gas chromotographs. To | 
receive copies of these data sheets and a list 
of others available use the Reader Service 
Card. 

Reader Service No. 103. 

€ Miles Scientific offers six monoclonal 
antibodies to four major groups of 
proteins: collagen Type IV, laminin, | 
keratin sulphate and proteoglycan. (Three 
antibodies directed to three types of 
chondroitin sulphate stubs remaining after 
chondroitinase ABC digestion.) All 
antibodies are broadly species reactive 
except collagen Type IV, which appears 
specific for human tissue and cells only. 
Reader Service No. 104. 

@ Receptor binding assays are simplified 
by a new system from Skatron based on the 
Skatron Cell Harvester. Operation of the 
instrument involves simultaneous filtration 
(under reduced pressure) of twelve incuba- 
tion samples suitably held in Macrowell 
tubes. A specially designed suction unit 
head effectively washes the contents of the 
tubes onto'a suitable filter paper — Skatron 
recommends glass-fibre filter catalogue no. 
7034. The Skatron Filterpunch transfers the 
disks of filter material, six at a time, direct- 
ly into scintillation vials. 

Reader Service No. 105. 








@ Now available from Genzyme Corpora- 
tion for use in glycoprotein research is N- 
glycanase (peptide N-glycosidase F). The 
ultrapure enzyme cleaves all asparagine- 
linked glycan chains from glycoproteins to 
yield a carbohydrate-free polypeptide and 
oligosaccharides with the reducing end of 
their chitobiose cores intact. The enzyme 
preparation is also completely free of pro- 
teases and other endo- or exoglycosidase 
activities. The purity and broad specificity 
for complex, hybrid and high-mannose 
oligosaccharide structures makes the en- 
zyme useful for structural and functional 
studies of the sugar and polypeptide por- 
tions of glycoproteins. 

Reader Service No. 106. 

@ A new Biorad cation exchange HPLC 
column offers high resolution, high sam- 
ple loads and high recoveries of biologically 
active proteins and peptides. Called Bio-Gel 
TSK SP-SPW, the new resin-based column 
can operate in the pH range 2-12. Either 
acid (0.1М НСІ) or base (0.1М NaOH) 
washes may be used to clean the column. 
Pore size is 1,000À, so the SP-SPW 


matrix can separate proteins with molecular 
weights as high as one million with no loss 
of capacity, resolution or column life. 
Loading capacity is in the range 1-5 mg for 
the protein of interest. 

Reader Service No. 107. 





The Reichert-Jung Polyvar with new condenser. 
€ А new condenser for the Reichert-Jung 
Polyvar photomicroscope overcomes the 
difficulties inherent in illuminating very 
large fields at different magnifications. 
Instead of having to re-arrange the optical 
elements in the condenser and adjust the 
aperture and field size to accommodate the 
Objectives being used, the operator can 
utilize the widefield condenser 0.90/0.32 
NA system to provide uniform illumination 
within a broad magnification range. 
Reader Service No. 108. 
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May meetings 


14-16 May 1985, International Conference 
and Exhibition on Biotechnology, Boston, 
USA (B. Burris, Cahners Exposition 
Group, 7315 Wisconsin Avenue, PO Box 
70007, Washington, DC 20088, USA). 
14-17 May 1985, International Society for 
Neurochemistry Symposium on Exitatory 
Amino Acids, Bournemouth, England (Dr 
P.J. Roberts, Department of Physiology 
and Pharmocology, University of 
Southampton, Southampton SO9 3TU, 
UK) >- 

21-24 May 1985, Conference on Lasers 
and Electro-opties, Maryland, USA (Op- 
tical Society of America, 1816 Jefferson 
Place, N.W. Washington, DC 20036, 
USA). 

22-24 May 1985, International Congress 
on Tissue Integration in Oral and Maxillo- 
Facial Reconstruction, Brussels, Belgium 
(Prof. D. van Steenberghe, Dept. of 
Periodontology, Faculty of Medicine, 
Catholic University Leuven, Kapucijnen- 
voer 7, B-3000 Leuven, Belgium). 

24—25 May 1985, International Meeting on 
Genetic Polymorphism and Fertility in 
Mammals, Rome, Italy (Prof. С. Mon- 
talenti, Accademia dei Lincei). 


June meetings 


3-6 June 1985, Karlsruhe International 
Conference on Analytical Chemistry in 
Nuclear Technology, Karlsruhe, FRG 
(Prof. Dr Hans J. Ache, Kem- 
forschungszentrum Karlsruhe GmbH, In- 
stitut fur Radiochemie. Postfach 3640, 
D-7500 Karlsruhe 1, FRG). 

4-6 June 1985, Symposium on Artificial 
Intelligence, COGNITIVA 85, Paris, 
France (Marie-France Chicanne, CESTA, 
1 rue Descartes 75005 Paris, France). 

6-8 June 1985, International Conference 
on Biological Reactive Intermediates, 
University of Maryland, USA (Dr R. 
Snyder, Dept. of Pharmocology and Tox- 
icology, College of Pharmacy, Rutgers 
University, Piscataway, NJ 08854, USA). 
10-14 June 1985, International Conference 
on Computers in Chemical Research and 
Education, Oberbayern, Germany (Dr J 
Brandt, Institut Für Organische Chemie, 
Technische Universitát Munchen, 
Lichtenbergstr. 4, D-8046 Garching, 
FRG). 

14 June 1985, International Seminar on 
Immunopathology of Rheumatic Diseases, 
Montpellier, France (Prof. J. Sany, Service 
d’Immuno-Rhumatologie et Readaption 
Fonctionelle, Centre Gue-de-Chauliac, 
Hópital Saint-Eloi, 34059 Montpelier, 
France) 

17-20 June 1985, International Conference 
on Developments in Analytical methods in 
the Pharmaceutical and Biomedical 
Sciences, Camerino, Italy (Prof. I. An- 
tonini, University of Camerino, 62032 
Camerino, Italy). 

19-21 June, International Symposium on 
Molecular Asnects of Neurobiologv. 














ANNOUNCEMENTS 


Florence, Italy (Dr E. Folco, Fondazione 
Giovanni Lorenzi, Via Montenapoleone, 
23-20121 Milan, Italy). 


23-27 June 1985, International Conference 


on Modern Trends in Activation Analysis, 
Copenhagen, Denmark (Dr K. Heydom, 
Riso National Laboratory, Postbox 49, 
Dk-4000, Roskilde, Denmark). 

25-28 June 1985, International Conference 
on Surface Engineering, Brighton, UK 
(The Conference Office, The Welding In- 
stitute, Abington Hall, Abington, Çam- 
bridge CB1 6AL, UK). 

26-28 June 1985, International Congress 
on Lasers in Medicine and Surgery, 
Bologna, Italy (Medicina Viva, Viale dei 
Mille, 140 43100 Parma, Italy). 


July meetings 


30 June-5 July, International Conference 
on Proteins of Iron Metabolism, 


Villeneuve d'Ascq, France (Prof. G. Spik, _ 


Universite des Sciences: at Techniques de 
Lille I, Laboratoire de Chimie Biologique, 
F-59665 Villenueve d’Ascq Cedex France). 
1-3 July 1985, International Symposium 
on Physico-Chemical Properties and their 
Role in Environmental Hazard Assess- 
ment, Canterbury, UK (H.L. Bennister, 
174 Beverley Drive, Edgeware, Middlesex 
HAS8 5ND, UK). 
2-5 July 1985, International Conference 
on Improving University Teaching, 
Utrecht, The Netherlands (T.B. Massey, 
The University of Maryland University 
College, College Park, MD 20742, USA). 
7-11 July 1985, International Symposium 
for Comparative Research on Leukemia 
and Related Diseases, Hamburg, Germany 
(Prof. F. Deinhardt, Max v. Pettenkofer 
Institut, Pettenkoferstr. 9a, D-8000, 
Muenchen 2, FRG). 
7-12 July 1985, International Conference 
on Natural Products, North Carolina, 
USA (Prof. D.G. Kingston, Dept. of 
Chemistry, Virginia Polytechnic Institute 
and State University, Blacksburg, VA 
24061, USA). 
7~12 July 1985, International Conference 
Ion Beam Analysis, Berlin, FRG (IBA'85, 
HMI Berlin, Postfach 39 01 28, D-1000 
Berlin 39, FRG). 
7-10 July 1985, International Congress on 
Engineering and Food, Alberta, Canada 
(ICEF-4 Dept. of Food Sciences, Universi- 
ty of Alberta, Edmonton, Alberta, Canada 
T6G 2PF). 
8-12 July 185, International Meeting о on 
NMR Spectroscopy, Cambridge, UK (Dr 
J. Gibson, Secretary (Scientific), The 
Royal, Society of Chemistry, Burlington 
House, London WIV OBN, UK). 
8-12 July 1985, International Symposium 
on Controlled Release of Bioactive 
Materials, Geneva, Switzerland (USA: 
CRS Administrative Office, 16 Not- 
Please send *Announcements' 


entries to: 
The Editor, Nature, 


4 Little Essex Street, 
London WC2R 3LF, UK 











А 


tingham Drive, Lincolnshire, IL 60015 
312/945-1616. Europe: Symporg S.A. 
P.O. Box 76, CH-1222, Vesenaz-Geneva, 
Switzerland 022-524-104). 


August meetings 


3-8 August 1985, International Leukocyte 
Culture Conference to be held jointly with 
the National Meeting of the Reticuloen- 
dothelial Society, Ithaca, New York, USA 
Awards of up to $500 will be made for 
papers, on the basis of scientific merit. 
There will also be an award of $500 for the 
winning presentation (RES/LCC Con- 
ference Office, Dr Sherwood M. Reichard, 
Medical College of Georgia, Augusta, 
Georgia 30912, USA). 

11-17 August 1985, International 
Anatomical Congress and Exhibition, 
Barbican Centre, London, UK (IAC 
Secretariat, 100 Park Road, London NW} 
4RN, UK). 

12-14 August 1985, Symposium on the 
Ethics of Animal Experimentation, 
Stockholm, Sweden (M. Thelestam, Dept. 
of Bacteriology, Karolinska Institutet, 
S-104 01 Stockholm, Sweden). 

18-21 August 1985, International Sym- 
posium on Order in the Amorphous State 
of Polymers, Midland, Michigan, USA (S. 
Butler, Symposium Secretary, MMI, 1910 
West St. Andrews Road, Midland, 
Michigan 48640, USA). 

21-24 August 1985, International Meeting 
on Metallothionein and other Low 
Molecular Weight Metal-binding Proteins, 
Zurich, Switzerland (Prof. J.H.R. Kagi, 
Institute of Biochemistry, University, of 
Zurich, Winterthurerstrasse 190, CH-8057 
Zurich, Switzerland). 

25-30 August-1985, IUPAP Nuclear 
Physics Conference, Harrogate, UK (The 
Institute of Physics, 47 Belgrave Square, 
London SW1X 8QX, UK). 

26-30 August 1985, International Sym- 
posium on Nuclear Medicine and Related 
Medical Applications of Nuclear Techni- 
ques in Developing Countries, Vienna, 
Austria (Int. Atomic Energy Agency, 
IAEA-SM-283, Vienna International Cen- 
tre, PO Box 100 a 1400 Vienna, Austria). 
29-31 August 1985, 20th Meeting of the 
European Association for the Study of the 
Liver, Helsinki, Finland (EASL, The Fin- 
nish Medical Society Duodecim, Mrs 
Leena Antikainen, Runeberginkatu 47 A, 
SF-00260 Helsinki, Finland). 


September meetings 


2-6 September 1985, International Sym- 
posium on Marine Natural Products, 
Paris, France (Drs A. Ahond and C. 
Poupat, ICSN du CNRS, 91190 Gif 
s/Yvette France). 

2-7 September 1985, European Drosophila 
Research Conference, Balatonszeplak, 
Hungary (J. Szabad, Institute of Genetics, 
Biological Research Center, H-6701 Szeg- 
ed, Hungary). 

3-5 September 1985, Symposium of the 


Uranium Institute, London, UK (Sym- 
posium Secretariat, Conference Associates 
UIS, 27A Medway Street, London SW1P 
2BD, UK). 
3-6 September 1985, Noordwijkerhout 
Symposium on Innovative Approaches in 
Drug Research, Noordnijkerhout, The 
Netherlands (Dr J.F. Rodrigues de Miran- 
da, c/o Prof. Dr H. Timmerman, Vrije 
Universiteit, Department of Phar- 
mocochemistry, De Boelelaan 1083, 1081 
HV Amsterdam, The Netherlands). 
3-6 September 1985, European Nuclear 
Medicine Congress, London, UK (Euro- 
pean Nuclear Medicine Congress 1985, In- 
stitute of Nuclear Medicine, Middlesex 
Hospital Medical School, Mortimer Street, 
. London WIN 8AA, UK). 
8-13 September 1985, International Con- 
gress of Pure and Applied Chemistry, 
Manchester, UK (Dr J.F. Gibson 30th 
IUPAC Congress, Royal Society of 
Chemistry, Burlington House, London 
W1V OBN, UK). 
8-13 September 1985, European Im- 
munology meeting, Jerusalem, Israel 
(Prof. M. Schlesinger, Secretariat of the 
7th Immunology Meeting, PO Box 983, 
Jerusalem 91009, Israel). 
9-13 September 1985, IUPAC Interna- 
tional Congress of Pure and Applied 
Chemistry, Manchester, UK (Dr J. Gib- 
son, 30th IUPAC Congress, Royal Society 
of Chemistry, Burlington Housc, London 
WIV OBN, UK). 
3 Sept-4 October 1985, International 
Remote Sensing Workshop, South 
Dakota, (US Geological Survey, 917 Na- 
tional Center, Reston, VA 22092, USA). 
8-13 September 1985, International Con- 
ference on Biothermodynamics, Styria, 
Austria (Dr P. Laggner, Institut für Rón- 
tgenfeinstrukturforschung, der Oster- 
reicheischen Akademie der Wissen- 
schaften und des Forschungszentrums, 
Graz, Austria). 
8-13 September 1985, Laurentian Hor- 
mone Conference, Alberta, Canada (The 
Laurentian Hormone Conference, 45 
Shattuck Street, Boston, MA 02115, 
USA). 
9-10 September 1985, International Sym- 
posium on Drug Analysis: Current 
Challenges, Ottawa, Canada (Dr G.L. 
Mattok, Bureau of Drug Research, Health 
Protection Branch, Tunney’s Pasture, 
Ottawa, Ontario, Canada K1A 0L2). 
9-14 September 1985, International Con- 
ference on Magnetospheric Systems, 
Toulouse, France (Centre National 
d'Études Spatiales, Department des Af- 
faries Universitaires, 18 avenue Edouard- 
Belin, 31055 Toulouse, France). 


Appointments 

Dr Archie Johnston (director of the Health 
and Safety Executive's Reseach and 
Laboratory Services Division) has been ap- 
pointed to the Health and Safety Executive 
to make up the three man team. The ex- 
ecutive is responsible for implementing the 


ANNOUNCEMENTS 


provisions of the health and Safety at Work 
Act 1984. 

Professor John L. Jinks has been ap- 
pointed to be Secretary and Deputy Chair- 
man to the Agricultural and Research 
Council from 1 May 1985. He has been 
chairman of the council's plants and soils 
research committee for the past two years. 
Dr Jo Eirik Asvall has been appointed 
Regional Director for Europe of the World 
Health Organization (WHO). For the past 
six years Dr Asvall has been Director of 
Programme Management at the WHO 
Regional Office for Europe. 

Sir Francis Tombs is to become chairman 
of The Engineering Council on 1 May 1985 
for a three-year period. Sir Francis is a past 
president of the Institution of Electrical 
Engineers. 

Mr John Webb (managing director of 
Bayer Limited) has been appointed Chair- 
man of the Chemical Industry Safety, 
Health and Environment Council 
(CISHEC), the body responsible for the 
UK chemical industry’s position on health, 
safety and the environment. 

Dr Ronald S. Paul has been elected Chief 
Executive Officer of the Batelle Memorial 
Institute having been president and Chief 
Operating Officer for the past three years. 


Awards 


Dr D.A. Henderson, who led the global 
campaign that successfully eradicated 
smallpox, has been awarded the Albert 
Schweitzer International Prize for medi- 
cine by the Burroughs Wellcome Fund 
(supported by the Burroughs Wellcome 
Company). Dr Henderson is dean of The 
John Hopkins School of Public Health, 
Baltimore, Maryland. 


Loughborough University is to confer the 
honorary degree of Doctor of Technology 
on Olympic gold medallist and world 
record breaking athlete Sebastian Coe. 
Coe has a BSc degree in Economics from 
Loughborough, where he was an 
undergraduate, research student and 
research assistant. It is hoped that the 
ceremony will take place in July this year. 


750 Overseas Research Students (ORS) 
Awards will be offered on a competitive 
basis in 1985 to overseas postgraduate 
students. The scheme is administered by 
the Committee of Vice-chancellors and 
Principals of the universities of the United 
Kingdom. Each award will cover the dif- 
ference between the tuition fee for a home 
postgraduate student and the ‘“‘full-cost”’ 
fee chargeable to an overseas postgraduate 
student. Candidates must be overseas 
graduate students who, in session 1985-86, 
are commencing full time study as 
registered research students for a higher 
degree at one of the academic institutions 
participating, or are already on such a 
course and do not have an ORS award. 
Awards may be held in any field of study by 
students of outstanding merit and research 


NATURE VOL. 315 9 MAY 1985 


potential. Further details and application 
forms from the registrar of any of the 
academic institutions taking part in the 
scheme, including Aberdeen, Leeds and 
Sussex Universities. 


The Simon Fraser University, Canada, 
announces the R.H. Wright award in 
Olfactory Research of $25,000. The award 
will be made to an individual who has 
recorded outstanding achievements in 
research in olfaction. Names of proposed 
candidates and supporting information 
should be sent to B.F. Clayman, Simon 
Fraser University, Burnaby, British Col- 
umbia VSA 1S6, Canada. 


The European Science Foundation is 
offering short and long term research 
fellowships in toxicology. Fellowships can 
be awarded to applicants of any nationality 
working in any field of the natural and life 
sciences, provided that their project con- 
tributes to furthering research in tox- 
icology within Europe. The deadline for 
submitting completed applications is 30 
September 1985, and application forms 
may be obtained from: ESF Research 
Fellowships in Toxicology (PGT), Dr John 
Smith, European Space Foundation, | 
quai Lezay-Marnesia - Е - 67000 
Strasbourg, France. 


The British Ecological Society is offering 
grants ranging from £50 to £500 to amateur 
and professional scientists undertaking 
ecological research and survey, usually 
within the United Kingdom, but grants are 
also given to projects abroad. Application 
forms are available from the British 
Ecological Society (S.E.P.G.), Burlington 
House, Piccadilly, London W1V OLQ. 
Further details from Dr M.B. Usher, 
Department of Biology, University of 
York, York YO! SDD. 


The Gerontological Society of America in- 
vites nominations for its 1985 Brookdale 
Awards for distinguished contributions to 


| gerontology. Three awards of a $25,000 


cash prize will be given to gerontologists 
recognized nationally and internationally 
in their field, two of whom will be US 
citizens and one a non-US citizen. Further 
details from Linda Harootyan, The Geron- 
tological Society of America, 1411K St, 
NW, Suite 300, Washington, DC 20005. 


Miscellaneous 


Columbia University chemical engineer 
Helmut W. Schulz, at 72, has won official 
recognition for a 44-year old idea that was 
long wrapped in military secrecy. The US 
government has awarded him $100,000 in 
recognition of an innovative proposal he 
made as a young man for an energy effi- 
cient gas centrifuge method of uranium 
enrichment. This is the largest sum ever 
granted for an invention put under military 
wraps and thus unavailable for use by its in- 
ventor. o 
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THE INSTITUTE OF 
CANCER RESEARCH 


TECHNICIAN 


required for cell biology laboratory 
at The Institute of Cancer Research, 
Sutton, Surrey, to investigate the 
mechanisms of cell killing by 
cytotoxic drugs and radiation. 
Previous experience in tissue culture, 
cell fractionation and basic 
biochemical techniques would be an 
advantage. However, further 
training will be given. 


Salary will bein the range of £5,738 
— £7,159 per annum depending on 
qualificatons and experience + £623 
London Allowance pa. 


' Applicants are advised that in the 
majority of the Institute's premises 
smoking is prohibited. 


Applications in duplicate with the 
names and addresses of two referees 
should be sent to the Personnel 
Officer, Institute of Cancer 


Research, 17А Onslow Gardens, 
London SW7 3AL, quoting reference 
(6370)A 


301/B/85. 





interact closely with Bioscience Group scientists 
to analyse their computing requirements, 


UNIVERSITY OF LEEDS 
DEPARTMENT OF IMMUNOLOGY 
LECTURER 


Applicants are invited for the above 
post, which is situated within the 
Leeds General Infirmary available 
from 1 October 1985. 


Applicants must have a PhD and at 
least five years post-doctoral ex- 
perience, together with three years 
teaching experience including formal 
lectures to undergraduates. 


Informal enquiries may be made to 


' Professor Gowland (Tel (0532) 432799 


ext 3540). 


Salary on the academic scale for 
Lecturers (£7,520 — £14,925)(under 
review) according to age, qualifi- 
cations and experience. 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference no. 91/3. 
Closing date for applications 6 June 
1985. (6341)A 


UNIVERSITY OF 

. . NOTTINGHAM 
DEPARTMENTS OF BIOCHEMISTRY 
AND SURGERY 
POSTDOCTORAL . 
RESEARCH ASSISTANT 
Applications are invited for the 
above post on a project funded by the 
Cancer Research Campaign to 
investigate biochemical and immuno- 
chemical aspects of glycoproteins 
produced by primary human breast 
cancers. The work will be carried out 
primarily in the Department of Bio- 
chemistry in close collaboration with 
Professor Blamey of the Department 
of Surgery. Initial salary will beat the 
first or second point on Range 1A for 
Research’ and Analogous Staff, 
depending on qualifications and 
experience. 


Applications including a curricu- 
lum vitae and names of two referees 
should be submitted by May 17th to 
-Professor Е W Hemming, Depart- 
ment of Biochemistry, Queen’s 
Medical Centre, Nottingham NG7 
2UH (0602 700111 ext. 3619). 

| (6356)A. 


ANALYST 


The ICI Corporate Bioscience Group has an 
opportunity for a computer programmer/analyst 
to lead the development of computing facilities 
for the group to support research in molecular 
genetics, plant sciences and cellular biology. 


The successful applicant (male/female) will . 


f 


develop suitable software for use on DEC VAX 
11/780 or microcomputers, and will also advise 


on the acquisition of hardware and software and - | 


ensure its integration into the group's work. 
Candidates should have a degree (or 
equivalent) in computer science, physical . 
science or related subject and at least two year’s 
full-time computing experience in a scientific 
environment. Familiarity with the use of 
8086-based microcomputers is desirable and а. 
knowledge of biochemistry or chemistry would 


be an advantage. 


) 


\ 


COMPUTER _ 
РК 


J 


MEDICAL RESEARCH 
COUNCIL 


MRC Tuberculosis and Related 
Infections Unit at the 
Hammersmith Hospital, - 
London W12 OHS. 


POSTDOCTORAL 
MOLECULAR BIOLOGIST 


is required to work in a team engaged 
in the study of structure and function 
of protein antigens of mycobacteria. 
Background experience in recombi- 
nant DNA and/or peptide technolo- 
gies is desirable. The appointment is 
for a period of 3 years with a possi-~ 
bility of extension up to 5 years, 
starting from September 1985. 


Remuneration will be based on the 
University non-clinical academic 
staff scales. Applications with curri- 
culum vitae, list of publications, 
names of two referees.and a brief 
summary of current research 
interests should be submitted to the 
Director of the Unit, Dr. J. Ivanyi 
(address above, phone 01-743-4594, 
Ext 60). (6334)A 


OGRAMMER/ | 


The vacancy is in the laboratories of a large 
science community located at Runcorn Heath in 
Cheshire. You would be a member ofa Mond ` 
Division team which provides specialist support 
to the various groups on the site. ` 

A competitive starting salary dependent on 
age and experience will be offered. Conditions 
of employment are excellent. Relocation | 
assistance is available where applicable. 


For an application form 
contact Sue Owen on 
Runcorn (0928) 513712 
or write to:- 

Mrs 5 Owen, 
Personnel Department, 
Imperial Chemical 
Industries plc, ' 

PO Box 8, The Heath, 
Runcorn, Cheshire 
WAT 40р. | 


(6405)A 


Classified 2 


UNIVERSITY OF BRADFORD 
—Chair in 
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DURHAM UNIVERSITY 


DEPARTMENT OF GEOLOGICAL 
SCIENCES 


Applications are invited for a 
LECTURESHIP IN 
GEOPHYSICS 





A for candidates in marine geophysics 


Environmental Science a 


Applications С the Char аге invited from candidates with expenence in the 
Schools’ range of academic activities which currently include animal and plant 
ecology, land use economics, environmental management, human - 
geography, pollution chemistry, and occupational hygiene 


or seismology. 


Applicants must have previous 
research experience in geophysics. It 
is hoped to fill the post from not later 
than 1 October 1985. Salaries on the 
scale £7,520 -£14,925 per annum with 


The Professor will be expected to give en overall lead to research and | superannuation. 


teaching, as well as contributing within his/her own subject area(s) 








Application (3 copies) naming 


Further particulars can be obtained from the Registrar and | three Teteres should be к by 31 
Secretary, University of Bradford, West Yorkshire, BD7 1DP. ay to the Registrar, Science 


Laboratories, South Road, Durham 


Closing date for receipt of applications ıs Friday, 7th June, 1985. (6337)A DH1 3LE. From whom further par- 


. DIRECTOR | 
LUDWIG INSTITUTE FOR CANCER 
RESEARCH BRANCH OF MONTREAL 


The Ludwig Institute for Cancer Research is seeking an outstanding 


Scientist to direct the research program of its proposed Branch in the: 


field of cancer genetics encompassing the latest developments in such 
areas as cell biology, biochemistry and molecular biology. The Ludwig 
Institute is creating-a new Branch which will conduct its research in 
Montreal, Quebec, in conjunction with the Royal Victoria Hospital and 
in association with McGill University. University and hospital academic 
appointment of an appropriately qualified candidate is anticipated. 
Planning cells for the Branch to occupy space exceeding 12,000 sq. ft. 


Candidates must have demonstrated outstanding research capabilities, 
both in their own personal research and in attracting and leading 


excellent younger investigators. 'A Director will be a leader in basic: 


science (Ph.D. and/or M.D ) and will have an associate staff member 
who will lead the clinical investigative activities. Interested candidates 
should submit an up-to-date curriculum vitae and bibliography, about 
tive selected recent reprints, and names of three internationally known 
referees no later than July 1st, 1985 to: Dr. Lloyd Old, Scientific 
Director, Ludwig Institute for Cancer Research, Stadelhofer- ~ 
sdtrasse No. 22, 8001 Zurich; Switzerland. 


Priority will be given to Canadian citizens and permanent residents. 
(NW1738)A 





THE NATIONAL HELLENIC RESEARCH FOUNDATION 


ANNOUNCEMENT 


The Institute of Biological Research of the National Hellenic 

Research Foundation seeks personnel for the following positions: 

— One senior scientist to head a group of Genetic engineering — 

* Molecular Biology of eukaryotes-Microbial genetics 

— Two research associates to participate in the above group 

— One research associate specialized in Cell Biology-Cytogenetics 

— One research associate specialized in fluorescence and NMR 
spectroscopy in biological systems ~ 

— One research associate specialized in enzyme technology- 
Biotechnology 

All candidates should hold a PhD and be greek citizens. 

Full c.v. with publications and addresses of at least two. 

persons for references should be addressed to. Mirs. D. 

Stefanou, Secretary, Institute of Biological.Research, NHRF, 


Vassileos Constantinou 48, Athens, Greece, not later than 
Iti na 158 ^ (WI1RADVA 








РА 


ticulars may be obtained. 
(6367)A. 


DEPARTMENT HEAD 
.EPIDEMIOLOGY/ BIOSTATISTICS 


The РЕ for Sick Children, one of North America’s leading 
paediatric centres with a strong research focus, and affiliated with the 
University of Toronto, is establishing a Department of Epidemiology/ 
Biostatistics, andi is presently seeking a Department Head. It is planned 
to establish a "core" department to which other individuals in the 
Hospital with substantial epidemiology/biostatistical interests will 
relate Cross appointments i in the Department of Preventative Medicine 
and Biostatistics in the University of Toronto are anticipated. 


The preferred candidates will have Clinical training (MD) as well as 
epidemiological training, with sufficient experience to undertake the 
responsibility of developing and administering»a hospital department 
involved :іп research, consultation, service and teaching. The 
Department will also be expected to provide expertise in consultation 
relating to a Quality Assurance Program, clinical epidemiological 
research and research in medical economics. 


Interested candidates should apply, with curriculum vitae and 
names of three references, to The Hospital for Sick Children, 555 
University Avenue, Toronto, Ontario, Canada M5G 1X8, 
Attention. Kerr M. Chalmers, Secretary to the Search 
Committee. . (NW1743)A 






UNIVERSITY OF 
: EDINBURGH 


Regius Chair of 
Geology | 


The Secretary of State for Scotland invites applications 
for the Regius Chair of Geology in the University of 
Edinburgh which falls vacant on 1st October, 1985 
following the retirement of Professor Sir Federick 
Stewart. Ў | 
The successful candidate will be expected to have made 
an internationally recognised contribution within some, 
field of the geological sciences and will assume the 


* position of Head of Department. He/she must have 


outstanding leadership and administrative qualities and 
the ability to interact positively with academics and 
industry. 


Further particulars of the appointment may be 
obtained from the Secretary, Room 3/114, New St 
Andrews House, Edinburgh EH1 3SY, with whom 
applications (13 copies, except in the case of 
overseas candidates who may submit only 25 


copies), giving the names of three referees, апа? 
ehauld ha enhmittad nat lator than A Arnet ТОЯК © 
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Recombinant DNA Specialist post-doctoral level 


[ your sights are aimed at the field of genetic engineenng, focus in and expressed the gene of a AA enzyme, the numerous genes 
оп a laboratory where sophisticated technology and the latest ideas go - approximately 20 — of the biosynthetic route to the vitamine В 12, an 
hand in hand with the strength of Frances n? 1 chemical and pharmaceuti- important drug and food additive, and the gene of two medically valuable 
cal group-which also happens to be among the top 10 in the world The human proteins 
Rhone Poulenc Group provides Génética with an industnal scale structure If you would like to broaden your professional honzons, join a laboratory 
for research, application and sales, thus ng Génética every chance to that really counts in this field. You will find your working environmen, just 

roduce broad ranging applications and all of the resulting financial thirty minutes from the heart of Pans, both pleasant and stimulating. 
enefits. Ten years ago, the field of genetic engineering didn't even exist. Please send your applicat on (résumé) to GENETIC; 
Our main projects performed until 1984: Génética has successfully cloned 160 quai de Polangis, 94340 Joinville-le-Pont, Pans - FRANCE 


In the field 
of the infinitely tiny, 
metica has big plans. 


BORE Kite т 


GENETICA 
PARIS FRANCE 
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ao | 
postdoctoral position _ 
polynucleotide structure 


The Department of Exobiology of the 

. University of Nijmegen conducts research 
in the field of chemical evolution. We are 
seeking a chemist with recent Ph.D. to 
participate in a project on primitive 
mechanisms of polynucleotide synthesis 
and replication. |. - 
Appointment will be in principle for one 
year, although there may be a possibility 
of extension. 
Experience in the use of spectroscopic 
techniques for studying the structure and 
dynamics of polynucleotides is desirable, 
but other backgrounds will be considered. 
Salary is dependent on experience 
(minimum Dfl. 3.502,— per month). 
Candidates should submit a curriculum 
vitae referring to announcement nr. 85-25 
and have two letters of reference sent 
within four weeks from the publication of 
this announcement to: Personnel 
Department of the Faculty of Science, 
Toernooiveld, 6525 ED Nijmegen, 

' the Netherlands. 






university of nijmegen 


(W1840)A 





Association Euratom-FOM | 
FOM-Institute for Plasma Physics 
"Rijnhuizen" І 

Nieuwegein, The Netherlands 


This Institute is working in experimental and theoretical plasma 
physics. Part of the work is done in'collaboration with other European 
laboratories, including JET. ' ; 


Applicatons are invited for the post ` 


HEAD OF THE EXPERIMENTAL 
DIVISION 


whose task is to direct approximately forty experimental physicists and 
laboratory assistants and to share responsibility for the management of 
the' Institute with the Director and the theoretical, technical and 
administrative division heads. 


Candidates should have made significant contributions to thermo- 
nuclear plasma physics and should have proven abilities to direct an 
experimental group and to participate in international collaboration. 


For infomation concerning this post, please contact Prof. C.M. 
Braams, director of the Institute tel. 03402-31224. Applicants, as 
wall as persons who wish to propose qualified candidates, are 
invited to apply within two weeks after this advertisement 
appears, to the Secretary of the Selection Committee: Mr. H.J. 
Lammers, Postbus 1207, 3430 BR Nieuwegein, The Netherlands. 
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Royal Postgraduate Medical School 
(University of London) i 
‘DEPARTMENT OF HAEMATOLOGY 
“NEW BLOOD’ LECTURESHIP | 
IN MOLECULAR GENETICS 


Applications for the above post are invited from suitably qualified 
candidates with research experience in genetics and molecular biology. 
This Department has a strong research base with established groups in 
cell culture studies and in molecular genetics. The Department also 
hosts the MRC Leukaemia Research Unit. Our main research theme is 


the study of genetic and.acquired blood disorders at the molecular level. 
The successful candidate will be expected to develop in due course . 
his/her own autonomous research programme within this scope. The 
appointment will start 1 October 1985. А 

Salary in the range £7,520 to £14,925 plus £1,233 London Allowance а 
year. * 


. Candidates, who should normally be under 35, may obtain further 


particulars from the Personnel Office or Professor L Luzzatto, 
Department of Haematology, Royal Postgraduate Medical School, 
Ducane Rd, London W12 0HS. 


Applications, including curriculum vitae and the names of three 
referees, should be sent to the Senior Assistant Secretary at the 
Royal Postgraduate Medical School (ref: N7/8). 


Closing Date: 7 June 1985 2 (6391)A 








THE JOHNS HOPKINS UNIVERSITY 


Applications are invited at the Postdoctoral Level for: (1) 
Pharmacologist to investigate the pharmacokinetics and biological 
properties of mismatched double-stranded RNA interferon inducers. 


(2) Immunologist/Protein Chemist to carry out detailed studies on 
DNA-protein interactions using monoclonal antibodies as a model 
system; to quantitate DNA base modifications induced by irradiation 
and oxygen radicals using an immunological approach. Appointments 
are immediately available.’ 


Applicants should submit a curriculum vitae, a statement of 

research interests, transcripts and three letters of recommen- 
dation to: Dr. Paul O. P. Ts'o, Division of Biophysics, The Johns 
Hopkins University, School of Hygiene and Public Health, 615 N. 
Wolfe Street, Baltimore, Maryland21205. ' (NW1735)A 





RESEARCH SCIENTISTS IN 
ORGANIC CHEMISTRY 


The Dana-Farber Cancer, Institute, affiliated with Harvard Medical 
School, announces openings for Ph.D. scientists of organic chemistry 
with a background in synthesis. Some experience in biochemistry 
would be desirable. Appointees will join a team involved in research and 
development of immunotoxins as reagents for treatment of human 
cancers. Appointments will be at either postdoctoral or more sénior 
levels depending on experience. 


Applicants should arrange for a curriculum vitae and 3 letters of 
recommendation to be sent to Dr. Walter A. Blattler, Division of 
Tumor immunology, Dana-Farber Cancer Institute, 44 Binney 
Street, Boston, MA 02115. 

(NW1733)A 


An Affirmative Action/ Equal Opportunity Employer. 









TUMOR IMMUNOBIOLOGIST 


The Department of Pediatrics, Southern Illinois University School of 
Medicine invites applications for an Associate Professor alternate track 
faculty position. Ph.D. in immunology or related field required with four 
years postdoctoral ехрепепсе including research related experience in _ 
tumor immunology. Minimum salary $39,000, salary is negotiable 
based on experience. Applicants may have research experience in one 
or more of the following areas: Surface antigens or tumor cells, 
polyamines, natural resistance, bone marrow transplantation. 


Send curriculum vitae and description of research abilities to: L.” 
G. Thatcher, M.D., Chairman, Department of Pediatrics, 5.1.0. 
School of Medicine, P.O. Box 3926, Springfield, Illinois 62708. 
S.I.U. School of Medicine is an equal opportunity/affirmative 
action employer. Applications will be accepted until June 14, 
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| neurosciences. The Depart- 


















































{ НЕАР, 
BASIC SCIENCE - F 
DEPARTMENT | - 
The School of Dental Medicine, - 
University of Connecticut Health ; 
Center, is seeking to fill the t 
position of Head, Department of 
Oral Biology. The position is a full- 
time, tenure track appointment 
that will be filled at the rank of 
Professor. The applicant must | ' 
hold a PhD degree in one of the : 
biomedical sciences or a pro- 
fessional doctoral degree with 
equivalent research training, be \ 
actively епда ed іп basic ў J 
research, and have teaching 


experience at the graduate level 
Some administrative experience 
is preferred. 


The Department of Oral Biology { : 
serves t 


e basic science needs of 
the School of Dental Medicine. 
The Department is multi- 
disciplinary, with its ten full-time 
faculty representing the areas of 
molecular biology, cell biology, 
developmental biology, and the 


ment's Pane Pe educational 
responsibility is the admini- 
stration of a large Ph.D. program; 

it also provides additional 
teaching contributions to the 
undergraduate dental and 
medical curricula, and dental 
residency programs. Resumes 
should be sent to: Dr. John 
Patterson, Chairman, Oral 
Biology Search Committee, 
Department of Physiology, 
University of Connecticut 
Health Center, Farmington, 
Connecticut 06032. Affir- 
mative Action/Equal Оррог } 
tunity Employer. (NW1732)A | . 


POSTDOCTORAL 
POSITION 5 


Studies of the biochemistry and 
genetics of antibiotic production 
y Streptomyces. Characteri- 
zation of mutants; plasmid 
isolations; in vitro DNA manipu- 
lations; gene cloning; enzyme 
isolation. Background in rDNA 
work and protein purification 
required with Ph.D. in micro- 
biology, genetics, or bio- 
Chemistry. Available 1 October. 
1985, for a period of 1 or 2 years. - 
Send résumé and two letters 












| Public Service Commission _ 
of Canada i 


Research Scientist, 
. Earth Structure 
| Studies КЕ 


Energy, Mines and Resources 
Earth Sciences, 
Ottawa, Ontario 


We require a scientist to conduct field investigations and 
^" research studies into the nature and structure of near- 
surface rock bodies and major geological features of 
crustal and mantle scales. Emphasis will be on the 
application of electrical induction techniques, which тау: 
include audio-magnetotelluric surveys, real-time 
magnetotelluric surveys, standard magnetótelluric surveys 
and controlled source induction surveys. Other geological 
and geophysical methods may be incorporated as f 
necessary You will be-expected to carry out field 
investigations in all parts of Canada, from the east and 
west coasts to the Arctic Ocean Basin The research 
studies will demand extensive use and development of, 
state-of-the-art computer-based processing and і 
interpretational methods ; 

You require graduation with a doctoral degree from а 
recognized university, or a lesser degree with evidence of 
research experience and productivity equivalent to that of 
'à doctoral degree in geophysics, geology, physics, 
mathematics or a related field. It is essential that you 
possess experience in the collection, processing and . 
analysis of geophysical data, with emphasis on the 
magnetotelluric method. Knowledge of either English or 
French is essential. i 

We offer a salary ranging from $28,176 to $52,409 
commensurate with your qualifications and experience. 











Forward your résumé and/or application 
form, quoting reference number ` 
$-85-31-5193-47]G-(G26), to. ' 

Joan Girling (613) 996-8054 : Е 
Public Service Commission of Canada- 

Ottawa, Ontario, Canada KIA 0M7 S 


Commission de la Fonction 
publique du Canada 


' 








of recommendation to: Pro- |. 
fessor C.R. Hutchinson, 
School of Pharmacy, Uni- 
versity of Wisconsin, 
Madison, Wis. 53706; 
telephone: 608-262-7582, : 

(NW1744)A 







HERIOT-WATT UNIVERSITY 
Department of Physics 


LECTURESHIP IN PHYSICS 
(Reference No. 42/85) : 
Applicants should be either experimental or theoretical physicists or 
electronic engineers. Strong preference will be given to candidates with 
research interests in optoelectronics, laser physics, semiconductor 
-physics, instrumentation. A Ph.D. and subsequent research 


: experience is expected. : 


Information Technology Lectureship (Reference No. 43/85) 

The department has а, flourishing research group working on optical- 
bistability based devices. Candidates with experience in optical 
signal/image processing are sought in order to expand our work in 
Optical parallel Processing and Optical Computer Architecture. 
Appointees to the above posts will be expected to contribute variously 


to teaching on the degree courses of Physics/Appliod. 


Physics/Computational Physics and the M.Sc. course in Opto- 


electronic and laser Devices. Industrial collaborations are encouraged 


both in the teaching and research activities. ` 

Salary scale £7,520 - £14,925 per annum (under review} plus USS 
benefits. i pes $ Я 
For further particulars and an application form please write to 
the Staff Officer, Heriot-Watt University, Chambers Street, 


Closing date: 28 June 1985 


MEE О ivi 
The Public Service of Canada is a ] \ а а. 
an equal opportunity employer X. AN 





A 


(NW1729)A | 


MOLECULAR AND CELLULAR IMMUNOLOGY 
UNIVERSITY OF CALIFORNIA, BERKELEY 


The Department of Microbiology and Immunology at the University of 
California, Berkeley is seeking highly qualified applicants to fill a faculty 
position at the Assistant Professor level beginning July 1, 1986. 
Applicants should hold a Ph.D. or M.D. degree and have a stron 
record of scholarly achievement and outstanding researc 
contributions. Responsibilities include development of a graduate-level 
course' in molecular aspects of cellular immunology, participation in 
undergraduate instruction in immunology, and maintenance of a strong 
independent research” program to provide training for graduate 
students and postdoctoral fellows. Preference will be ‘given to 
candidates whose major research interest involved molecular 
mechanisms of cellular immunobiology. 

Please send curriculum vitae, summary of research interest, and 
the names of three references. by July 15, 1985 to: 

Dr. James P. Allison’ 


_Chairman, Search Committee 


Department of Microbiology and Immunology 

University of California ] 

Berkeley, СА 94720. . 

The University of California is an Equal Opportunity Affirmative Action 
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RESEARCH & 
DEVELOPMENT 
SCIENTISTS 


OXFORD 


Genetics International an American Biotechnology company 
involved in the development of novel biomedical assays require 
highly motivated individuals interested 'in the areas of 
Immunology, Biochemisty, Enzymology, Electrochemistry and 
Synthetic Organic Chemisty. р 
These positions would suit persons holding either a first degree 
M.Sc. or a Ph.D. with or without prior industrial experience. 
Applicants should be ideally in their twenties and be able to 
demonstrate their personality and maturity and contribute to a 
multidisciplinary area. . 

The salary and benefits package for these positions is very 
attractive, and will include a pension scheme and if applicable 
generous relocation expenses will be provided. Opportunity 
exists for the individuals to participate in the company Executive 
Stock Option Scheme. 


To help us assess your suitability for these posts please 
send in a letter of application together with a C.V. and 
names of 3 referees. : 
Please Apply to: 

Mrs Frankie Minal, 

6.1. (UK) Inc., 

11 Nuffield Way, i 

Ashville Trading Estate, 

Abingdon, Oxon. 0X14 1RL. 


An equal opportunity employer. (6338)A 





UNIVERSITY OF MARYLAND 
SCHOOL OF MEDICINE 
Department of Biological Chemistry 


POSTDOCTORAL RESEARCH ASSOCIATE 


Position is available for three years from September 1, 1985 to study 
molecular mechanisms of hormonal regulation of heart Ca2+ channels. 
Research involves receptor binding, protein phosphorylation, Ca2+ 
cultured heart cells. 


flux, and electrophysrological studies usin є ; 
Background in biochemistry, cell-biology, or pharmacology is essential 
‘with а commitment to training in biochemical approaches. Salary 
negotiable. 

Applications along with CV and the names of three references 
should be sent to: Dr. Terry B. Rogers, Dept. of Biochemistry, 


Univ. of Maryland, School of Medicine, W. Redwood St., 


Baltimore, M 


Equal Opportunity Employer. (NW1734) A 


BIOTECHNOLOGISTS!  . 


What's going on in the world's fastest- 
growing scientific discipline? 


To find out, send fora sample copy of 
BIOTECHNOLOGY, the Intemational 
Monthly for Biology and Industry, to 


Felicity Parker, Macmillan Journals, 
Houndmills, Basingstoke, Hants. 
RG212XS, UK 

or 

Paul Siman, Bio/Technology, 

65 Bleecker St., New York, NY 10012. E 





THE UNIVERSITY OF 
SYDNEY 


CHAIR OF PHYSICS 
(ASTROPHYSICS) 
Reference no 16/05 

Applications are invited for the Chair 
of Physics (Astrophysics) which will 
become vacant in the School of 
Physics at the end of 1985 following 
the retirement of Professor B Y Mills. 


Salary will be at the rate of 
$452,026 per annum (under review). 


Apphcations in duplicate, quoting 
reference no, including curriculum 
vitae, list of publications and the 
names and addresses of three referees, 
by 31 July 1985, to the Registrar, 
University of Sydney, NSW 2006, 
Australia, from whom further 
information is available. 


The University reserves the right 
riot to proceed with any appointment 
for financial or other reasons. 


Equal Employment Opportunity is 
University Policy. 


Further information is also 
available from Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WC1H 
OPF. (W1844)A 


THE UNIVERSITY OF 
i MANCHESTER 


THE DEPARTMENT OF GERIATRIC 
MEDICINE 


RESEARCH ASSOCIATE 


Applications are invited for the 
above position to investigate the 
effect of age on the structure of the 
female human urethra. Applicants 
should have a background in quanti- 
tive morphological techniques and 
immunocytochemisty. The salary 
will commence at £7,520 pa and the 
appointment is for two years only. 
(Superannuation). Please address all 
correspondence to Dr I Davies, 
Department of Geriatric Medicine, 
University Hospital of South 
Manchester; Nell Lane, Manchester 
M208LR. (6358)A 


AFRC INSTITUTE OF 
ANIMAL PHYSIOLOGY 


BABRAHAM CAMBRIDGE 
CB2 4AT 
A 3 year (MRC funded) post for a 
SCIENTIFIC OFFICER 


available in the Immunology 
Department for work with Dr Bruce 
Roser on the regulatio. of the 
immune response to transplantation 
antigens. The work will involve some 
minor animal surgery, cell transfer, 
cell separation and identification 
techniques (including fluorescent 
antibody methods and FACS 420 
analysis), and in vitro techniques 
including monoclonal antibody 
production and screening. Previous 
experience should preferably include 
at least one of these techniques. 
Applicants should have a degree, or 
equivalent, in immunology, 
physiology, biochemistry or cell 
biology. Salary scale (under review): 
£5,909 x 6 increments to £8,153. 
Application forms obtainable from 
the Director of the Institute quoting 
ref BR6. Closing date: 24th Mav 
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UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL POSITIO? 
IN HORMONALLY 
REGULATED MAMMALIA? 
GENE EXPRESSION 


Applications are invited for this MRt 
funded post to study how adrenalin 
and cyclic AMP regulate salivar 
gland genes. The project involve 
cloning and characterising cDNA an 
genomic sequences for salivary prc 
teins induced in large amounts in th 
mouse by adrenaliane. Experienc 
with recombinant DNA methods i 
desirable but not essential. Applicant 
should have or expect to receive 
PhD. 


Tenable for 3 years from 1 Octobe 
1985 on Range IA (£7,520 — £8,92 
a year). 


Details from Dr C J McDonalc 
Department of Biochemistry, th 
University Sheffield S10 2TN. Te 
(0742 78555 ext 4239) to whor 
applications, accompanied by | 
curriculum vitae and the names o 
three referees should be addresse 
before 3 June 1985. Quote rel 
R255/G. | (6343)A 


UNIVERSITY OF 
HEIDELBERG 
DEPARTMENT OF NEUROBIOLOG' 


POSTDOCTORAL 
RESEARCH 


position available at the Departmer 
of Neurobiology for electron-micrc 
scopist interested in the role of ce 
adhesion molecules during nervot 
system development and immun 
logical techniques. 


Send applications to Dr ! 
Schachner, Im Neuenheimer Fel 
504, 69 Heidelberg, Fed Rep « 
Germany. (W1846)A 


UNIVERSITY OF LEEDS 
BIOTECHNOLOGY UNIT 


POST-DOCTORAL 
RESEARCH FELLOW 


Applications are invited for the abov 
post for work on a collaborative prc 
Ject between the Biotechnology Un 
and the Department of Biophysics i 
a protein engineering group engage 
in the purification, crystallisation an 
biochemical studies of a potentiall 
interesting industrial enzyme 


Post available immediatley for 
fixed period of up to three years. 


The applicant should have a goo 
honours degree in Biochemistry an 
a PhD or equivalent experience in prt 
tein chemistry/biochemistry. 


Salary according to IA Range fc 
Research and Analogous Staff (£7,52 
— £12,150)(under review) accordin 
to age, qualifications and experienci 


Application forms and further pa: 
ticulars may be obtained from tk 
Registrar, The University, Leeds LS 
9JT quoting reference no. 201/ 
Closing date for applications 30 Ma 
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UNIVERSITY OF LEEDS 


DEPARTMENT OF PURE AND 
APPLIED ZOOLOGY 


PREDOCTORAL RESEARCH 
ASSISTANT 


Applications are invited for the above 
post, supported by the AFRC, for 
work on the cold hardiness and over- 
wintering survival of aphids, in col- 
laboration with the Entomolgy 
Department, Rothamsted Experimen- 
tal Station. 


A good honours degree in 
Agricultural Science, Applied 
Biology, Biochemistry or a related 
discipline are required 


Post available from a date to be ar- 
ranged for a fixed period of up to 
three years. 


Salary on the IB Range for 
Research and Analogous Staff (£6,600 
— £8,920)(under review) according to 
age, qualifications and experience. 


Informal enquiries may be made to 
Dr J S Bale (Tel 0532 431751 ext 
7423). 


Application forms and further par- 
*iculars may be obtained from the 
Registrar, The University, Leeds LS2 
'9JT, quoting reference no 56/14. 
*Closing date for applications 30 May 


1985. 
(6346)A 


ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

DEPARTMENT OF PHYSIOLOGY 


SERC POSTDOCTORAL 
RESEARCH FELLOW 
required for 3 years for work on the 
electrophysiology and pharmacology 
of amino-acid function in lamprey 
spinal cord. A background in electro- 
physiology would be an advantage. 

Initial salary up to £8753 pa. 


Application form and further 
details from the Personnel Officer, St 
George's Hospital Medical School, 
Cranmer Terrace, London SWI7 
ORE Closing date 31st May. 

(6392)A 


LEUKAEMIA RESEARCH 
FUND CENTRE AT 
THE INTSTITUTE OF 
CANCER RESEARCH 


TECHNICIAN/RESEARCH 
OFFICER 


required to help organise a molecular 
biology laboratory and actively par- 
ticipate in its research programme 
into Cellular and Molecular Biology 
of Human Leukaemia. Experience in 
recombination DNA techniques 
essential. Candidates should have a 
degree, HNC or equivalent qualifi- 
cation. 


Salary will bein therange of £5,738 
— £6,942 + £1,042 pa London 
Weighting allowance, depending on 
qualifications and experience. Appli- 
cants are advised that in the majority 
of the Institute’s premises smoking is 
prohibited. 


Applications ın duplicate with the 
names and addresses of two referees 
should be sent to the Personnel 
Officer, Institute of Cancer 
Research, 17A Onslow Gardens, 
London SW7 3AL, quoting reference 
301/B/86. (6371)A 








THE UNIVERSITY OF 
AUCKLAND 
New Zealand 


LECTURESHIP/SENIOR 
LECTURESHIP IN MARINE 
BIOLOGY 


MARINE BIOLOGY 
(Leigh Laboratory) 
Applicants should have a higher 
degree and teaching and research 
experience in either botanical or 
zoological aspects of Marine Science. 
The laboratory’s current activities 
cover intertidal and subtidal experi- 
mental ecology of both plants and 
animals, phytoplankton and zoo- 
plankton studies and fish physiology 
and behaviour. The successful 
applicant will be expected to support 
and encourage these or related 
research programmes, assist in the 
teaching of marine biology and to 
contribute generally to the manage- 
ment of the Laboratory. Salaries will 
be established within the appropriate 
scale for Lecturers NZ$23,622- 


$27,929 and Senior Lecturers | 


NZ$29,430-$37,240. Conditions of 
Appointment and Method of Appli- 
cation are available from the Assist- 
ant Registrar (Academic Appoint- 
ments), University of Auckland, 
Private Bag, Auckland, New Zealand, 
or the Secretary General, Association 
of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. Applications in 
accordance with the Method of Appli- 
cation should be forwarded as soon 
as possible, but not later than 31 May 
1985. (W1845)A 


BIRBECK COLLEGE 
University of London 


DEPARTMENT OF 
CRYSTALLOGRAPHY 


LECTURESHIP IN 
MOLECULAR BIOLOGY: 
PROTEIN ENGINEERING 


Applications are invited for a lecture- 
ship to be held 1n the Department of 
Crystallography established under 
the UGC’s ‘‘New Blood"! scheme and 
tenable from 1st October 1985. 


Applicants should have a first 
degree in a relevant biochemical 
subject and practical experience in 
recombinant DNA techniques 
including site-specific mutagenesis in 
the study of protein structure and 
function. The successful candidate 
would be expected to work in 
collaboration with the structural 
molecular biology group of Pro- 
fessor T L Blundell, FRS and his 
colleagues. 


Candidates should normally be less 
than 35 years of age but exceptionally 
well-qualified canidates just over this 
limit may be considered. Appoint- 
ment will be at an appropriate point 
on the Lecturers’ scale £8,753- 
£16,158 pa inclusive of London 
Allowance (under review). Further 


|. particulars may be obtained from the 


Assistant Secretary (Personnel), 
(CE), (N), Birkbeck College, Malet 
Street, London WCIE 7HX (Tel: 
01-580 6622, ext 529), to whom appli- 
cations in duplicate including full cv 
and names of two referees should be 
sent by 7th June 1985. 
(6376)A 





BICIZEN 


is a biotechnology company with laboratories in Switzerland 
and the United States, developing commercia! applications of 
molecular biology in the areas of agriculture, chemicals, 
pharmaceuticals and energy. 


In Geneva vacancies now exist for additional 


PROTEIN 
CHEMISTS 


for work involving the purification and characterization of 
proteins from recombinant microoganisms. Experience 
with HPLC would be an advantage. 


The successful candidates will possess a PhD degree 
with at least two years of postdoctoral experience and an 
appropriate record of research productivity as 
documented by publications. 


We offer a challenging scientific career with the 
opportunity to interact with talented colleagues in a 
stimulating environment. 


Please send your résumé accompanied by the 
names and addresses of at least three references 
whom we may contact on your behalf to — 


BIOGEN S.A. 

Personnel Manager 

46, Route des Acacias 
1227 Carouge — Geneva 


Switzerland. (W1837)A 


PRESIDENT 
THE AMERICAN MUSEUM 
OF NATURAL HISTORY 


The trustees of The American Museum of Natural History invite 

applications for the pcsition of President and Chief Executive Officer of 

the Museum. The President is responsible for the effective governance 

of this prestigious museum and related entities. 

Reporting to the President are the Director, the Deputy Director for 

Research (9 curatorial departments), Deputy Dtrector for 

Administration, Assistant Director for Financial Affairs, Department of 

Development and Public Affairs, Department of Library Services, 

Department of Exhibition and Graphics, Department of Education, 

Natural History Membership, and the Planetarium. ` 

The annual operating budget of the Museum is $35 million, there аге 800 

employees, 23 buildings, a $95 million endowment, and 2.5 million 

visitors a year. 

Candidate should have the following qualifications: 

* Demonstrated imaginative leadership and an ability to work with 
diverse constituencies 

* A strong interest in the natural sciences and appreciation of 
scholarly work A Ph.D. in the Natural Sciences would be highly 
desirable. 

* Proven administrative and financial skills in the administration of 
large organizations. 

* Experience in major fund raising. 

Letters of nomination or application, coupled with resume/ vitae 

and information on current compensation should be submitted 

in confidence no later than July 1, 1985 to: Box 1737, c/o Nature 

Classified, 65 Bleecker St, New York, NY.10012. 


Resumes will neither be acknowledged nor returned. 
The American Museum of Natural History is an equal opportunity 


employer. (NW1737)A 
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MELBOURNE TUMOUR BIOLOGY BRANCH 
LUDWIG INSTITUTE FOR CANCER RESEARCH 


CELL/MOLECULAR BIOLOGIST, 
REF.3/85 


The Melbourne branch of the Ludwig Institute is undertaking a research 
programme directed towards the understanding of the cellular and 
molecular basis of growth regulation in normal and neoplastic tissues. 
A Post-doctoral Scientist is required to work in an active programme on 
the retroviral transformation of murine epithelial and T-lymphocyte 
cells in vivo and in vitro. Experience in tissue culture and in either basic 
protein chemical or molecular biological techniques are required. 


Initially the position will be for a period of 2 years with the possibility for 
extension. The salary will be equivalent to research fellow (grade 1 
levels 1-4, dollars Aust 21,411 to dollars Aust. 23,284 per annum) 
depending on experience. The Ludwig Institute will pay the transfer 
expenses to Melbourne including an Apex Company airfair for the 
successful candidate and his/her dependents. 


Applications should include above reference number, 
curriculum vitae and the names and addresses of 2 referees. 
Address to: — The Director, Ludwig Institute for Cancer 
Research, P.O. Royal Melbourne Hospital, Victoria 3050, 


Australia, 


UNIVERSITY OF 
LINZ/AUSTRIA 
Institute of Biophysics 
offers 


| 3 POSTDOCTORAL 
POSITIONS 


The Institute provides, under 
guidance of Prof. H. Schindler, 
most advanced techniques of 
membrane reconstitution, aimed 
at relationships between mem- 
brane structure and functions, 
especially of ion transport 
through membrane channels. 
The new collaborators are invited 
to join current studies of ion 
channels involved in heart 
function and other electrical and 
chemical excitation processes. 
Applicants should be competent 
in either of the three fields: 


Membrane Physiology (strong 
background either in electo- 
physiology including patch clamp 
techniques, or in physiology of 
cardiovascular membranes 
motuding experience in cell- 
culturing), 


Membrane Biochemistry 
(Broad expert knowledge in 
isolation of membranes and of 
membrane proteins to purity), 


Membrane Biophysics 
(physicist or physico-chemist 
with either practical experience 
with membranes or involved in 
theoretical approaches to 
membranes) ORE 
For all three posts, training in 
membrane reconstitution is not 
required and will be provided. 
Each appointment will be, in the 
first instance for one year with the 
possibility for prolongations and a 
chance of promotion to a senior 


position 


Applications, includin 
curriculum vitae, names an 
addresses of two referees, 
and a detailed account of 
previous relevant experiences 
should be sent before 15th 
May 1985 to Prof. 
Schindler, University of Linz, 
Institute of Biophysics, A-4040 
Linz, Austria. Tel: 01043/ 
732/23 13 81 Ext. 530, 531. 
(W1841)A 








(W1836)A 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF MEDICINE 
TECHNICIAN GRADE 3 


to assist with a project concerning 
Radioimmunoassay of peptide and 
steroid hormones, measurement of 
catecholamines by HPLC. Assis- 
tance with hypothalamic perfusions 
and related work. 


Candidates must possess ONC or 
appropriate equivalent and three 
years appropriate experience. 


Salary within a range £5,399 — 
£6,325 per annum. 


This post is available for one year. 


Application forms may be 
obtained from the Registrar, the Uni- 
versity, PO Box 147, Liverpool, L69 
3BX. 


Quote Ref: RV/259/N (6355)A 


UNIVERSITY OF 
LEICESTER 


DEPARTMENT OF MICROBIOLOGY 


RESEARCH TECHNICIAN 
GRADE 3 


Applications are invited for the post 
of Technician Grade 3 tenable for a 
maximum of three years. Initial salary 
will be in the range of £5,399 — 
£5,701 per annum. 


The position is funded by the 
Wellcome Trust and the successful 
applicant will be involved with the 
identification and biotyping of 
medically important yeasts. Some 
experience of microbiology 1s essen- 
tial: experience in medical mycology 
would be an advantage. 


Send applications, including a 
curriculum vitae and the names and 
addresses of two referees, to Dr F C 
Odds, Department of Microbiology, 
University of Leicester, Leicester 
LEI 7RH. (6339)A 



















PUBLIC HEALTH 
LABORATORY SERVICB 
BOARD 


PHLS Centre for Applied 
Microbiology & Research 


Therapeutic Products Laboratory 
BIOCHEMIST/ 
MICROBIOLOGIST 


A graduate is required for research 
into the isolation and evaluation of 
methionine degrading enzymes for 
cancer therapy. The post is for a 
maximum period of 3 years and is 
financed by the Cancer Research 
Campaign. The work will be under 
the direction of Dr M Tully 
(telephone Idmiston (0980) 610391 
ext 424) from whom further informa- 
tion may be obtained. 


The successful applicant will be 
graded Basic Grade Microbiologist. 


Salary £6,559 — £7,063 


National Health Service terms and 
conditions will apply. 


Application forms are obtainable 
from the Personnel Officer, PHLS 
Centre for Applied Microbiology & 
Research, Porton Down, Salisbury, 
Wilts SP4 0JG. Telephone Idmiston 
(0980) 610391. 


Closing date 31 May 1985. 


Please quote Reference No 41 
when applying. (6348)A. 


17 Pine Crescent 


natur 


NEW-YORK OFFICE 
Garth Walkes 

65 Bleecker Street 
New York, NW 10012 
Tel: (212) 477-9600 


TORONTO OFFICE 
Peter Drake & Associates 
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UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF GENETICS 


NEW BLOOD 
APPOINTMENT 


Applications are invited for a U 
versity Lectureship or Demonstrat 
ship (equivalent to UAL) in the fi 
of molecular plant genetics under: 
new blood scheme. The pers 
appointed will be expected 
establish a research programme a 
to undertake teaching. 


Relevant pensionable scales 
stipends are as follows: 


UL £10,330 a year rising by 
annual increments to £15,930 l 
£7,980 rising by 4 annual increme: 
to £9,860. 


Informal enquiries concerning t 
post can be made to Professor J I 
Finchman, Department of Geneti 
Downing Street, Cambridge C 
3EH. 


Further particulars may 
obtained from Secretary to 1 
Appointments Committee, Facu 
of Biology A, Zoology Departme 
Downing Street, Cambridge CB23 
to whom applications (3 copi 
including Curriculum Vitae a 
names of three referees should be s: 
to reach him by 31st May 19. 
Applications for this post should 
marked ‘NBGEN’. (6375)А 


Toronto, Ontario МАЕ 1LI 
Tel: (416) 690-2423 


LONDON OFFICE 
4 Little Essex Street 
London WC2R 3LF 
Tel: 01 240 1101 
Telex: 262024 


NATURE VOL 315 9 MAY 1985 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF ZOOLOGY 


POST DOCTORAL 
RESEARCH FELLOW IN 
DEVELOPMENTAL 
NEUROBIOLOGY 


Applications are invited for an MRC 
‘unded post to investigate axonal and 
lellular interactions in vitro, using 
*mphibian nervous tissue, Can- 
sfidates should have experience in 
reural tissue culture and a back- 
ground in cell biology or bio- 
hemistry would be helpful. The 
yerson appointed will join a small 
eam investigating the specificity of 
{erve connections in development 
nd regeneration. A well equipped 
iboratory and technical assistance 
«re available. 


The post is tenable for three years 
starting in September or October this 
‘ear. The salary range (Grade 12) is 
77,520 - £12,150 per annum. 


Applications (three copies, 
xacluding CV and the names of two 
eferees) to Dr R M Gaze, Depart- 
«nent of Zoology, West Mains Road, 
idinburgh, EH9 3BT, by 30th May 
985. 


Please quote reference No 5250. 
(6364)A 


THE UNITED MEDICAL 
AND DENTAL SCHOOLS 


St Thomas's Campus 
RESEARCH TECHNICIAN 


'equired from July *85 for neuro- 
»hysiological laboratory. Duties 
nvolve general practical work and 
also fabrication/testing of labora- 
ory equipment, Previous laboratory 
xperience required; interest/ 
.raining in histological procedures, 
2lectronics or photography useful. 


Salary on Whitley Council MLSO 
Scale, 3 year post on MRC Grant. 


Apply with cv and names and 
addresses of 2 referees to Staffing 
Officer, Dean’s Office, St Thomas’s 
Hospital Medical School, London 
SEI 7EH, before 23rd May, 1985. 
Wor informal enquiries, please con- 
mact Dr S McMahon, tel 01 928 9292 
WExt 2241, (6373)A 


UNIVERSITY OF 
EDINBURGH 


TEMPORARY LECTURER 
IN ZOOLOGY 


Applications are invited for a 
temporary Lectureship in Zoology 
for one year only from ! October 
1985. This post is financed by the 
Nuffield Foundation and the maxi- 
mum salary is point 4 of the Lecturer 
scale. The main teaching duties are in 
evolution and population biology. 
Further particulars can be obtained 
from the Secretary to the University, 
University of Edinburgh, Old 
College, South Bridge, Edinburgh 
EH8 9YL with whom applications by 
letter (2 copies) including a curricu- 
lum vitae and the names of two 
referees should be lodged not later 
than 31 May 1985. Please quote 
reference number 1188. (6296)A 


UNIVERSITY OF YORK 
DEPARTMENT OF ELECTRONICS 


POSTDOCTORAL 
RESEARCH 
ASSISTANT/RESEARCH 
ASSISTANT 
Applications are invited for a 3 year 
post associated with the development 
of a dispersive EXAFS facility for the 
SERC Synchrontron Radiation 
Source at the Daresbury Laboratory. 
EXAFS is an exciting x-ray 
investigatory technique, using a 
dispersive geometry which enables 
atomic structure to be measured on 

the millisecond timescale. 


The person appointed will be 
concerned with the design and 
development of this facility, which 
will exploit solid-state devices as x-ray 
imagers under the control of mini- 
processors. The project is inter- 
disciplinary covering aspects of 
applied physics, advanced electronic 
and mechanical system implemen- 
tation and software techniques. 


Work will take place at York and 
at Daresbury Laboratory, Cheshire. 


Salary on a scale up to £8,920 per 
annum, with USS. 


Three copies of applications, with 
full curriculum vitae and naming two 
referees, should be sent by 31 May 
1985 to Registrar's Department 
(Appointments), University of York, 
Heslington, York ҮОІ 5DD. Further 
particulars are available, Please quote 
reference number N/6200.(6398)A 





UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF ANATOMY & 
EMBRYOLOGY 


RESEARCH ASSISTANT 


required for project on the control of 
nerve and muscle differentiation 
using a variety of techniques. 
Experience of tissue culture an 
advantage. 


The post is funded by the MRC 
until 31 August 1987. Salary will be at 
a point on the RA range IB scale 
£6,600 - £8,400 according to age, 
qualifications and experience. 


Applications (cv and 2 referees) to: 
Dr A Warner, Dept of Anatomy, 
University College London, Gower 
Street, London WCIE 6BT. Closing 
date: 25 May 1985. (6350)A 


UNIVERSITY OF LONDON 


READERSHIP IN PLANT 
BIOCHEMISTRY TENABLE 
AT ROYAL HOLLOWAY 
AND BEDFORD COLLEGES 


The Senate invite applications for the 
above Readership from 1 October 
1985. Preference will be given to 
candidates who have considerable 
experience in the molecular biology 
of plant development and an interest 
in postgraduate courses. Appli- 
cations (11 copies) should be sub- 
mitted to the Academic Registrar 
(N), University of London, Malet 
Street, London WCIE 7HU, from 
whom further details should first be 
obtained. 


Closing date for receipt of appli- 
cations: 14 June 1985. (6351)A 


Applications are invited for a 


Classilied 9 


UNIVERSITY OF ZIMBABWE 


LECTURESHIPS/SENIOR LECTURESHIPS 
ASSOCIATE PROFESSORSHIPS 


DEPARTMENT OF BIOLOGICAL SCIENCES (3 posts) 


Post A Freshwater Biology: A Lecturer specialising in some aspect of 
Freshwater Biology is required to teach general undergraduate courses 
in ecology and to contribute to an MSc programme tn Hydrobiology. 
Any area of Freshwater Biology (except Fisheries Biology) will be 
considered but candidates specialising in phytoplankton/primary 
production studies will be of particular interest. Experience of tropical 
lakes or running waters is desirable. Applicants must have a first degree 
and a PhD and/or research experience in the appropriate area of 
specialisation Appointment will be for two years tn the first instance. 


Post B Plant Physiology: A Lecturer is required to contribute to 
undergraduate and postgraduate courses in Plant Physiology 
Specialists in any plant physiological discipline will be considered but 
the Department will view with particular favour applicants specialising 
in photosynthesis, water relations or seed physiology. Applicants must 
have a first degree and a PhD and/or research experience in some 
aspect of plant science. 


Post C Nematology/Soil Zoology: Applicants should be 
expertenced in the general area of Nematology and/or Soil Zoology. 
Any area of specialisation within these disciplines will be considered but 
preference will be given to candidates with research experience with 
plant-infecting nematodes. The successful candidate should have a 
first degree in some aspect of biological or agricultural science and a 
PhD and/or research experience in the appropriate area of 
specialisation. He/She will be required to contribute to undergraduate 
courses in invertebrate zoology, parasitology and soil and ecology, and 
to appropriate postgraduate courses. 


SALARY SCALES 

Lecturer Z$11,880 - $20,076; Senior Lecturer 2$20,580 - $23,400; 
Associate Professor 7$21,084 - $23,904 {including allowance). 
Appointment on the above scales according to qualifications and 
experience. 


CONDITIONS OF SERVICE: Both permanent and short-term 
contracts are offered. Persons who are not Zimbabwean citizens may 
be appointed only on short-term contract basis with an initial period of 
two years. Short-term contracts may, in exceptional cases, be 
extended. 


Six copies of applications giving full personal particulars which 
should include full name, place and date of birth, qualifications, 
employment and experience, present salary, date of availability, 
telephone number and names and addresses of three referees should be 
addressed to the Director, Appointments and Personnel, University of 
Zimbabwe, P.O. Box MP 167, Mount Pleasant, Harare, Zimbabwe 
(Telex: 4-152 ZW). Applicants in the UK should also send an additional 
copy to the Secretary General, Association of Commonwealth Uni- 
versities, (Appts), 36 Gordon Square, London WC1H ОРЕ. Closing date 
forreceipt of applications is 14 June 1985. (W1848)A 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF GENETICS ^ ч 
LECTURESHIP ра) UNIVERSITY 
WEE 


(Molecular Genetics) 
Department of Chemistry 


Lectureship in Genetics available 
from Ist October 1985. We are 
seeking to appoint a research scientist 
active in the field of molecular 
genetics who wishes to undertake a 
research programme involving the 
use of recombinant DNA techniques. 
Facilities are well established іп the 
department of prokaryote gene 
cloning, the molecular genetics of 
fungi, DNA sequencing, the cloning 
of higher plant DNA and animal 
virus research. 


Salary will be on the Lecturers’ 
scale: £7,520 — £14,925 per annum, 
according to age, qualifications and 
experience. 


Further particulars may be 
obtained from the Senior Assistant 
Registrar (F P), The University, 6 
Kensington Terrace, Newcastle upon 
Tyne, NE1 7RU, with whom applica- 
tions (3 copies) together with the 
names and addresses of three referees 
should be lodged not later than 27th 
May 1985. (6369)A 


POSTDOCTORAL 
RESEARCH FELLOW 
IN INTERFACIAL 
STUDIES 


Applications are invited for the 
above post funded by the Depart- 
ment of Energy, for work in the 
measurement of very low values 


of interfacial tension, under the 


Enhanced Oil Recovery pro- 
gramme. The work will involve the 
use of computerised video digital 
techniques applied to interfacial 
studies and the extension of these 
measurements to pressures up to 
100 bar. 


The post is currently available and 
the appointment will be initially for 
a one year period on a salary range 
up to £9390 per annum. 


Applications naming two 
references should be sent to Dr 
D J Schiffrin, Chemistry 
Department, the University, 
Southampton, S09 SNH from 
whom further information can 
be obtained. (6381)A 





Classified 10 


UNIVERSITY OF LONDON 
THE INSTITUTE OF DERMATOLOGY 


Department of Electron Microscopy 
and Cell Pathology 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applications are invited for the above position which will be available 
for 2 years in the first instance. The chief aim of the research will be to 
develop in-vitro techniques for studies on cell-substrate interations as 
part of a long term investigation on génetic and acquired blistering 
disorders. Experience in cell culture methods and immunohisto- 


chemistry is desirable, 


Salary according to age and experience on 1A scale. Further 


details from Dr. 


R.A.J. Eady, 


Institute of Dermatology. 


Homerton Grove, London E9 6BX. (Tel: 01-985 7061, Ext: 66). 


UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF GENETICS 


Applications are invited for the post 
of 

RESEARCH ASSISTANT (1B) 
for three years from 1st September 
1985 to work on cell differentiation 
in the slime mould Physarum 
polycephalum. Starting salary £6600, 
rising to £7520 pa. The project, 
funded by SERC, is a collaboration 
with Sheffield University which will 
employ time-lapse filming to analyse 
cellular events of development from 
amoeba to plasmodium in mutant 
strains. No previous experience is 
necessary but applicants should have, 
or expect shortly to obtain, a degree 
in one of the Biological Sciences. 
Knowledge of aseptic techniques 
and/or photomicrography would be 
an advantage. 


Applications with curriculum vitae 
and names of two referees should be 
submitted to Dr Jennifer Dee, Depart- 
ment of Genetics, University of 
Leicester, University Road, Leicester 
L321 7RH, by 17th May 1985 Further 
details may be obtained from Dr Dee: 
telephone (0533) 551234 ext 393. 

(6384)A 


E Southampton 
THE | 
UNIVERSITY 


INSTITUTE OF 
CRYOGENICS 


Applications are invited for the 
post of Lecturer in the Institute of 
Cryogenics. Candidates should 
have a Ph.D. and research experi- 
ence in applied low temperature 
physics or cryogenic engineering 


anda strong interest in teaching. 


The post will require development 
of links with industry via collabor- 
ative research and continuing 
education activities. 

Salary within scale-— £7,520 — 
£14,925 per annum (under 
review). The appointment will be 
for an initial five year.period. 


Further particulars may be | 
obtained from Mr, D.A.S 
Copland, The University, 
Southampton, SO9 5NH, to 
whom applications (7 copies 
from U.K. applicants) should 
be sent not later than 27 May 
1985 quoting reference 
number2155. (6359)A 





. ulars may beobtained. 


(6404)A 





DURHAM UNIVERSITY 


DEPARTMENT OF MATHEMATICAL 
SCIENCES 


Applications are invited 
for the post of 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 


in Elementary Particle Theory 
tenable for fourteen months from 1 
August 1985 or later by arrangement 
under the direction of Drs E F 
Corrigam and D B Fairlie for investi- 
gations in the Stucture of Gauge 
Theories. There is scope for working 
on a variety of different topics. 


Initial salary in the range £7,520 — 
£9,860 per annum plus superan- 
nuation. 


Application (3 copies) naming 3 
referees should be sent by 31 May 
1985 to the Registrar, Science 
Laboratories, South Road, Durham 
DH1 3LE from whom further partic- 
(6368)A 





UNIVERSITY OF 
CAMBRIDGE 
CAVENDISH LABORATORY 


RESEARCH ASSOCIATE IN 
HIGH ENERGY PHYSICS 
Applications are invited for the 
above SERC-funded post. 
Candidates should have or be shortly 
completing a PhD in Particle Physics 
or have related experience. The 
laboratory has an active research 
programme at the antiproton-proton 
Collider at CERN, and is involved 
with the construction of the OPAL 
detector for the study of electron- 
positron collisions at LEP. It is 
envisaged that the successful candi- 
date would join the Collider research 

programme. 


The appointment commences on 1 
July 1985. Salary will be in the range 
£7,520 to £9,860 pa depending on age 
and experience. The appointment 
will be initially for two years but is 
renewable. 


Letters of application including 


“curriculum vitae and the names of 


two referees should be sent to Mr J 
Deakin, Cavendish Laboratory, 
Madingley Road, Cambridge CB3 
OHE. 


Further particulars can be 
obtained by contacting Dr J G Rush- 
brooke at this address. Closing date 
for applications is 20 May 1985. 

(6363)A 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF ZOOLOGY 


POSTDOCTORAL 
RESEARCH ASSISTANT 
A one-year post 1s available from Ist 
October 1985 to work on a SERC 
funded project looking into risk- 
sensitive and time-constrained 
foraging in shrews. Applicants should 
have a working knowledge of optimal 
foraging theory and experience with 
laboratory behavioural studies. The 
appointment will be within the first 
two points of the postdoctoral scale. 


Applications with curriculum vitae 
to Dr C J Barnard, Department of 
Zoology, University of Nottingham, 
University Park, Nottingham, NG7 
2RD. (6397)А 


MAX-PLANCK-INSTITUTE 
FOR IMMUNOBIOLOGY 
Freiburg, FRG 
searches for a 
POSTDOCTORAL 
RESEARCH FELLOW OR AN 
ASSISTANT RESEARCH 
SCIENTIST 
Applications are invited for work in 
the fields of T-cell differentiation and 
cancer-related immunobiology, 
mainly employing molecular 
biological techniques. Therefore 
experience in molecular genetics is of 
advantage. The position is 

immediately available. 


Applicants should forward their 
CV and letters of recommendation as 
soon as possible to: Dr J T Epplen, 
Max-Planck-Institut fur Immunbio- 
‘logie, Stubeweg 51, D-7800 Freiburgi 
Br, FRG, (W1839)A 


INSTITUTE OF CANCER 
RESEARCH 


ELECTRON MICROSCOPE 
TECHNICIAN 


required for the Institute of Cancer 
Research, Fulham Road. The work 
involves mostly transmission E M of 
fixed material with some negative 
staining and scanning work. The unit 
carries out E M studies for many 
departments within the Institute 
giving rise to a considerable variety of 
experimental material. Qualifi- 
cations required are HNC or Degree 
in Biological Sciences. Previous EM 
experience considered essential. The 
post would particularly suit appli- 
cants with technical qualifications. 


Salary will bein therange of £5,738 
to £5,925 + £1,042 London Allow- 
ance, depending on qualifications 
and experience. 


Applicants are advised that in the 
majority of the Institute's premises 
smoking is prohibited. 


Applications in duplicate with the 
names and addresses of two referees 
should be sent to the Personnel 
Officer, Institute of Cancer 
Research, 17A Onslow Gardens, 
London SW7 3AL, quoting reference 

| 301/B/84. (6366)A 











NATURE VOL 315 9 MAY 198 


THE QUEEN'S UNIVERSITY 
OF BELFAST 
DEPARTMENT OF PHYSIOLOGY 


RESEARCH ASSISTANT 


The research assistant will work with 
Dr N G McHale on a project investi 
gating the mechanism of lymph flow 
in sheep. The research 1s funded by 
the Wellcome Trust and the 
appointment will be for two years. 
Applicants should preferably have, 
or expect to obtain, a good honours 
degree in Physiology or a related dis- 
cipline. 


Commencing salary: £6,600 per 
annum. 


Further particulars may be 
obtained from the Personnel Officer, 
The Queen's University of Belfast, 
BT7 INN, Northern Ireland. Closing 
date: 31 May 1985. (Please quote Ref 
85/W) (6401)А 


UNIVERSITY OF OXFORD 


NUFFIELD DEPARTMENT OF 
PATHOLOGY 


RESEARCH ASSISTANT 
Applications are invited for the above 
position to work on the origin and 
function of osteoclasts in normality 
and bone disease. Applicants should 
have a degree in cell biology or 
molecular biology. The salary is 
funded by the Arthritis and 
Rheumatism Council for three years, 
on a maximum starting point of 
£6,600. 


Applications, together with 
curriculum vitae and the names of two 
referees, should be sent to: Professor 
J O'D McGee, Nuffield Department 
of Pathology, John Radcliffe 
Hospital, Headington, Oxford, OX3 
9DU, by 30th May, 1985, from whom 
further details can be obtained. 

(6382)A 





UNIVERSITY OF 
LIVERPOOL 
CYTOGENETICS UNIT 


SCIENTIFIC OFFICER 
(CYTOGENETICS) 
Applications are invited from Science 
graduates for a basic grade post on the 
Whitley A scales. This Unit provides 
the Cytogenetics service for the 
Mersey Regional Health Authority. 
The post primarily involves work in 
prenatal diagnosis and experience in 
human cytogenetic techniques/tissue 

culture is desirable. 


Salary, depending upon quali- 
fications and experience, within the 
range £6,559 - £7,807 per annum 
(under review). 


Application forms may be obtained 
from the Registrar, the University, 
PO Box.147, Liverpool L69 3BX. 
Forms should be received not later 
than 31 May, 1985. 


Quote Ref: RV/269. (6379)А 






Please mention 


nature 


when replying to 
these advertisements 
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SACCHARIDE 
. CHEMISTRY 


Monsanto Company's 
-Health Care Division has an 
opending for a carbohydrate 
chemist: experienced in the 
_chamical synthesis of mono- 
saccharides and poly- 
sacharides. Applicants 
should be sufficiently 
. experienced in this specialty 
to design and carry out the 
synthesis, purification and 
characterization of known 
and novel monosaccharides 
and polysaccharides with a 
high degree of proficiency. 
The. position may éntail 
directing a group of 
chemists in the preparation 
of polysaccharides of 
biological interest. ' 






























UNIVERSITY OF OXFORD 


New blood lectureship i in Synaptic Pharmacology uL E 
In association with Lincoln College MM V 


Applications are invited for the abové üniversity lectureship tenable $ : 
from 1 October 1985. Applicants should be under 35 years of age on ; EE 
1 October.1985. Stipend according to age on the scale £7,520 fo £15,930 ОГ 29 
(under review). The successful candidate may be offered a | Stipendiary Ии! ' 
Tutorial Fellowship at Lincoln College; : Se 

* R E i 


, University Lectureship in Pharmacology 
In association with Somerville or Hertford College 


Applications are invited for the above post tenable from 1 October 1985. ` 
Stipend according to age on the scale £7,520 to £15,930 (under review). 
The successful candidate may be offered to stipendiary Tutorial. 
Fellowship at Somerville College, the statutes of which provide that all . : 
Fellows shall be women, or, if a man is appointed, at Hertford College. n T 


Further details may be obtained from Professor A.D. Smith, 
Department of Pharmacology, South Parks Road, Oxford OX1 
ЗАТ, to whom applications (nine.typed copies, or one from* 
overseas applicants) with'the names of three referees should be 


sentby30 May 1985. T (6388)A ; Please forward your resume Е " 
: у in confidence to: Dr. Duy 
P.R. Schenkenberg, Box i 


"N-1; MONSANTO 
" COMPANY; Mail Zone 
GANG; 800 N. Lindbergh 
Blvd., St Louis, MO 63167. 
An. Equal Opportunity 
Employer M/F/H/V. 
(NW1741)A 


Monsanto 





MOLECU LAR- 
. BIOLOGIST. . 


The Danish Cancer Society is opening a position as research РСЯ 
to build up a molecular biology research unit at the Fibiger institute; 
Ndr. Frihavnsgade 70, Copenhagen, Denmark. ` 
The institute is a multidisciplinary research institute involved in, several 
areas of cancer research including tumor endocrinology, environ- ' 
mental carcinogenesis and tumor virology. The director of the Fibiger 
Institute is dr. Jørgen Kieler. It has a total staff of 50 employed including: 
5 senior investigators. It is sponsored by a core grant from the cancer 
society and project grants from the scientific grant committee of the 
Cancer Society. An international. scientific committee acts as an: 
advisory body for the institute, 
‘The successful candidate will be responsible for establishing aresearch 
programme in molecular oncogenesis and should advise the other 
research units on aspects of molecular biology and its application. 
The successful candidate should have extensive knowledge of recom- 
binant DNA techniques and their application to cancer research 
problems. The candidate should be internationally recognised in the 
area of cancer research, and should have a proven record of scientific 
accomplishments. ` 
The appointment is for a 5;year period. A tenure position may become 
vacant during the initial period. - 
Research facilities, research funds and staff requirements are 
negotiable with the Executive Committee of the Cancer Society. Salary 
is negotiable depending on scientific qualifications and accomplish- . 
ments of the candidate 
The application should be received by the chairman -of the 
Danish Cancer Society:' Professor, dr. med. Steen Olsen,’ 
on 1, DK-2100 Copenhagen Ø., Denmark, before T July, 


ATTENTION SCIENTISTS 
AND RESEARCHERS 


Posters: are now being accepted for 
BIO/TECHNOLOGY’ S premier conference 


: LOOKS TO THE NEXT DECADE 


Дыш 20-22, 1986, Clarion Hotel, 
: New Orleans 
` You are invited to submit abstracts of work with 
' commercial implications to: 
Research Editor 
BIO/TECH ELO Conference 
: 65 Bleecker Street, INew York, NY 10012 


E 


онын should include: 

Curriculum vitae and: ibibliography 

Names of 3-4 referees 

A short summary of past and current research - 

activities and a proposal for future research. 
The applications will be evaluated by a committee appointed by the 
Scientific Grant Committee of the society after consultation with the @ 
International Scientific Advisory Committee. > 
Additional information is available from the director or from the 
chairman of the Danish Cancer Society. - ,, (W1821)A 


` 


Ideas suitable for support from corporate or venture 
funding are particularly welcome. f fc 3 


Conference Themes: 

Day 1: The Molecular Biology of Plants & Animals 
Day 2: Commercial Production Processes 

Day 3: innovations in Pharmaceuticals & Immunology 





Classified £2 


POSTDOCTORAL 
RESEARCH 
ASSOCIATE 

Physical Chemistry 


To conduct fundamental experi- 
mental research on gas-liquid 


interactions related to acid rain 


formation $19,000-$20,000/ 
year. Send resume and names 
of three references to Prof. P. 
Davidovits. Boston College, 
Dept of Chemistry, Chestnut 
Hili, MA 02167. | 


Boston College is an equal Oppor- 


tunity /Atfirmative Action 
Employer (NW1731)A 





FELLOWSHIPS 





POST M.D. AND PH.D. 


FELLOWSHIPS 
IN : 
CANCER RESEARCH 


The University of Manitoba and 
the Manitoba Cancer Treatment 
and Research Foundation have 
| been designated a Terry Fox 
Training Centre making available 
a number of post-doctoral 
research positions. This co- 
ordinated program ts designed to 
bring together a number of 


[ trainees within one cancer centre 
and to further their research and 
knowledge in the cancer field 


Research areas include Bio- 
chemistry, Cell Biology, Immuno- 
logy, Medical Physics and Bro- 
engineering, Epidemilogy and 
General Oncology. Enquiries 
should be addressed to: Dr. 
L.G. Israels, Manitoba Cancer 
Treatment and Research 
Foundation, 100 Olivia Street, 
Winnipeg, Manitoba R3E OV9 
Canada. Telephone (204) 
787-2241. (NW1738)A 





continued on page 16 


GRANTS and 
SCHOLARSHIPS 


UNIVERSITY OF WALES 


COLLEGE OF MEDICINE 
DEPARTMENT OF CHILD HEALTH 
Applications are invited for a 


POST-GRADUATE 
SCHOLARSHIP 


to investigate androgen action and 
metabolism in disorders of sexual 
differentiation їп humans, using 
tissue culture and cell fractionation 
techniques. 


Applicants should have, or expect 
to gain, a first or upper second class 
honours degree in Biochemistry or a 
related science discipline. 


The scholarship will commence in 
September 1985 and is tenable for a 2 
year period (subject to a probation- 
ary year), with possible extension for 
a further year thereafter. The results 
are expected to be submutted for a 
PhD degree. 


Further particulars and appli- 
cation forms (quoting Ref No 
C10/61) may be obtained from the 
Registrar and Secretary, University 
of Wales College of Medicine, Heath 
Park, Cardiff CF4 4XN (Tel No 
0222-755944 Ext 2296) as soon as 
passible Closing date for appl- 
cation: 3151 Мау, 1985. (6402)Н 
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ASSISTANTSHIPS 


FACULTY OF SCIENCE 


RESEARCH 
ASSISTANTSHIPS 
Marine Biology/ 
Chemistry/ 
Human Geography 


Salary £5910 - £6657 
(pay award pending} 


Posts are available for the 
following projects - 


1 Ecology of the velvet 
swimming crab, Liocarcinus 
puber (Brachyura, Portunidae) 


2 Polycyclic Aromatic Hydro- 
carbons in engine sump oll. 
Mutagenicity, bioavailability 
and environmental fate. 


3 The regional impact of the 
European Community's 
Common Fisheries Policy. 


Applications are invited. from 
graduates with good honours 
degrees in subjects appropriate 
to the proposed area of study 
and from undergraduates 
expecting to fulfil these 
requirements this summer For 
project 1, preference will be 
given to candidates with diving 
experience. 


Research Assistants are 
expected to register for a higher 
degree (CNAA). Appointments 
are for periods of 2 years with 
possibility of a third year (fixed 
term contract) 


Application forms — to be 
returned by Friday 31 May 
1985 — and further details 
from Personnel Office, 
Plymouth Polytechnic, 
Drake Circus, Plymouth PL4 
8AA (Tel: (0752) 264639). 
(6400)P , 


APP SE DIE et bh OE ДАЛ» УУМ МУУ Дд, 
2 (Op) Polytechnic! 
ў 0 р IER МА М ee 
UNIVERSITY ОЕ 
МОТТІМОНАМ 
University Park 
Nottingham, NG7 2RD 


DEPARTMENT OF ZOOLOGY 
Applications are invited for a 


POSTDOCTORAL 
ASSISTANTSHIPS (Grade IA) 


to investigate cellular oncogene 
activity in primary cultures of 
chicken embryo cells. This project is 
funded by the Cancer Research 
Campaign and will be for 2% years. 
A cell or molecular biologist with 
experience of tissue culture and 
blotting techniques would be suitable 
for this post. Starting date Ist 
October 1985; salary at first point of 
1A scale Application letters, plus a 
curriculum vitae and the names and 
addresses of two academic referees, 
should be sent directly to Dr D I de 
Pomerai at the above address by Ist 
June 1985. (6372)P 
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SEMINARS and SYMPOSIA 


hormones, 


Davies (Oxford); 


Scheller (Stanford); 
Sutcliffe (La Jolla) 


hour's drive from Naples 


CONFERENCES and 
COURSES 


UNIVERSITY OF LEICESTER 


SCHOOL OF BIOLOGICAL 
SCIENCES 
DEPARTMENT OF BOTANY 


BIOTECHNOLOGY SHORT 
COURSE CO-ORDINATOR 


Applications are invited for the post 
of Biotechnology Short Course Co- 
ordinator from those with current 
research interests in the field of plant 
biotechnology. This post has lecturer 
status The person appointed will 
assess the demand for post- 
experience courses in biotechnology 
and subsequently in other areas of 
biotechnology. He or she will be 
expected to pursue a research 
programme within the Department 
of Botany. 


This appointment will be for five 
years, supported by a grant from the 
DES under its PICKUP programme. 


Initial salary will depend on 
qualifications and experience on the 
seale £7,520 to £14,925 (under 
review). 


Further particulars and 
application forms can be obtained 
from the Registrar, University of 
Leicester University Road, Leicester, 
LE! 7RH, to whom applications 
should be returned by 31 
May 1985. (6280)C 





Please mention 


nature 


when replying to 
these advertisements 


Late registrations will be accepted up to a maximum number of 120 
participants. Registration fee 150 US Dollars Younger investigators 50 
Dollars. No fee required for students Ravello is located at about one 


Further information from Prof. A. Giuditta, |.1.G.B., Via Marconi 
10, Naples, Italy Tel 081-7257243. 





INTERNATIONAL 


SYMPOSIUM 
ROLE OF DNA IN BRAIN ACTIVITY 
Ravello, Italy — May 27-29, 1985 


TOPICS: Chromatin structure in neurons. Neuronal hyperpíoidy. Brain 
DNA turnover in learning and.sleep Enzymology of DNA replication 
and reparr. Brain-specific transcripts. Axoplasmic mRNA Cloning and 
expression of nucleic acid sequences coding for brain peptides, 
receptors and transmitter enzymes. Transcription and 
manipulation of human genes in neurological diseases 


SPEAKERS: Barnard (London), Bernocchi (Pavia), Brown (Toronto), 
De Gennaro (Martinsried), 
Giraudat (Paris); Giuditta (Naples), Giuffrida (Catania); Hahn (Denver); 
Herbert (Eugene); Hyden (Goteborg), Kaplan (Pittsburgh); Kuenzle 
(Zurich); Lim (London); Mallet (Paris); P Mandel (Strasbourg); J.L. 
Mandel! (Strasbourg}, Mares (Prague); 
(Dallas); Remis (Toronto); Richter (Hamburg); Roberts (New York], 
Soreq (Rehovot), 


Ginzburg (Rehovot); 


Milner (La Jolla), Morrison 


Subba Rao (Hyderabad); 


(W1842)M 


ы Y i| 


APPOINTMENTS WANTED 


advertise your qualities and quahfi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 25p a word. 
(Personal Box Numbers £2). 
Advertisements must be pre-paid ana 
sent to: Nature Classified” (Appts 
Ила), 4 Lutte Essex Street, Londor 
WC2R 3LF. (890)B 


STUDENTSHIPS 


MEDICAL RESEARCH 
COUNCIL 


Institute of Hearing Research 
Nottingham 


RESEARCH STUDENTSHIP 


Applications are invited for a 3-year 
MRC studentship from graduate: 
holding, or expecting to obtain, an 
upper second or first class honours 
degree in any biological subject. The 
successful candidate will study 
structural and functional develop- 
ment of the auditory system, with. 
emphasis on abnormal development 
processes leading to deafness. 


Applications should include a cv 
and names and addresses of two 
referees. Further details may be 
obtained from Dr K P Steel, MRC 
Institute of Hearing Research, 
University of | Nottingam, 
Nottingham NG7 2RD. Tel: 
0602-223431. (6406)F 
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UNIVERSITY OF 
LIVERPOOL 


Mnstitute of Medical and Dental 
Bioengineering 
RESEARCH STUDENTSHIPS 


^ small number of studentships is 
available in this interdisciplinary 
nstitute for research leading to a 
ugher degree. The precise project 
vill depend on the academic back- 
«round and interests of the student 
xut will be in one of the following 
«reas: 


Blood flow im arterial prostheses. 
nteractions between metals and 
tissues Polymer degradation. Tissue 
eactions to implanted particles. 


Candidates should expect to obtain 
1 good honours degree in an approp- 
iate biological or physical science (eg 
naterials science, engineering, 
:hemistry, biochemistry, cell 
nology). 


Applications, together with the 
1ames of two referees, should be 
eceived as soon as possible by The 
Registrar, The University, PO Box 
447, Liverpool, L69 3BX. 





THE ROWETT RESEARCH 
INSTITUTE 


Bucksburn, Aberdeen, AB2 9SB 


RESEARCH STUDENTSHIP 
IN ANIMAL NUTRITION 


Applications are invited for a 
Studentship leading to a PhD 
(Aberdeen University) for research 
into the factors which imfluence 
rumen development and hence intake 
of dry feed in young calves. The Pro- 
ject, sponsored by British Sugar 
PLC, will investigate how the physio- 
logical/biochemical mechanisms of 
the developing rumen respond to 
changes in the nature of the carbohy- 
drate source supplied in weaner 
rations. 


Applicants should possess or 
expect to obtain this year a good 
honours degree in agricultural bio- 
chemistry, nutrition or any related 
subjects, 


Applications, including CV and 
the names of two referees should be 
addressed to the Secretary, Rowett 
Institute, Bucksburn, Aberdeen. 


Closing date 30 May 1985. 





Quote Ref: RV/263/N (6353)Е (6336)F 
THAMES POLYTECHNIC SERC CASE STUDENTSHIP 
SCHOOL OF BIOLOGICAL to investigate into the purification, 
SCIENCES AND ENVIRONMENTAL properties and biosynthetic regu- 
HEALTH lation of a novel сасон aryl 
dehalogenase An upper second class 
SERC RESEARCH WORKER honours degree, or better, ın bio- 
IN PLANT MOLECULAR chemistry or biochemistry with 
BIOLOGY chemistry 1s required, preferably with 


Applications are invited from recent 
honours graduates or postgraduates 
to work with Dr R Yon on ‘Protein 
structure and gene organisation of 
руй тїйле-рашау enzymes in 

igher plants’. Practical experience 
vin protein and/or nucleic acid bio- 
chemistry would be of value. The 
wost is tenable for three years and 
eegistration for a higher degree will be 
considered. 


Salary: £6,219 per annum 
«nclusive. 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


SERC-CASE STUDENTSHIP 

Applications are invited for a SERC- 
*CASE studentship to investigate the 
«effects. of synthetic plant growth 
«egulators on sterol and gibberellin 
Woiosynthesis in whole plants and tissue 
cultures The project will be 
conducted in collaboration with Dr J 
Lenton, Long Ashton Research 
Station, Bristol. The interrelationships 
«of the sterol and gibberellin pathways 
will be examined to determine if their 
regulation is a factor in the control of 
plant cell divisions and cell elongation. 
The student will gain experience in 
GLC and HPLC, mass spectrometry, 
plant cell culture, radiochemical and 
microscopy techniques. Applicants 
will be expected to have or to obtain, 
a first or upper second class Honours 
degree in Biochemistry, Chemistry or 
Botany. Further information can be 
obtained by contacting Dr L J Goad. 


Applications including curriculum 
vitae and the names of two referees 
should be sent as soon as possible to 
The Registrar, The University, PO 
Box 147, Liverpool, L69 3BX. 


Quote Ref: RV/267  (6380)F 





experience of enzyme purification. 
The post is tenable from 1 October 
1985 in collaboration with PHLS- 
CAMR, Porton Down, under the 
Joint supervision of Dr ARW Smith 
and Dr AV Quirk. 


Further particulars and appli- 
cation form from the Staffing 
Officer, Thames Polytechnic, 
Wellington Street, London SE18 
6PF, to be returned by 4 June 1985. 


Thames Polytechnic is an equal 
opportunitiesemployer. (6407)Е 


QUEEN MARY COLLEGE 
(University of London) 


DEPARTMENT OF CHEMISTRY 
RESEARCH STUDENTSHIPS 


Applications are invited for the 
following Research Studentships for 
higher degree work under the 
supervision of Professor R. Bonnett. 
Research is expected to commence in 
August/September 1985. 


1. Geochemical Studies on 
Porphyrins m relation to Coalifi- 
cation (supported by the British Coal 
Utilization Research Association 
Ltd.) 


2 Synthesis of Porphyrin 
Sensitisers for Tumour Phototherapy 
(supported by Efamol Ltd.) 


Applicants should have, or expect 
to obtain this year, a degree in 
chemistry with at least upper second 
class honours. Conditions for these 
studentships follow SERC 
guidelines. Application forms from 
Dr J R C Light, Chemistry Depart- 
ment, Queen Mary College, Mile End 
Road, London, El 4NS to be re- 
turned by 17th June. (6352)F 


THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


BIO-ORGANIC CHEMISTRY 


SERC CASE STUDENTSHIPS 


Applications are invited from 
graduates in Chemistry for two 
CASE Studentships Applicants 
must hold a first class or second class 
(Division 1) degree and will study for 
the degree of PhD. 


(i) Anti-Cancer Uses of Synthetic 
Nucleoside Phosphonates in 
collaboration with Amersham Inter- 
national plc 


The project involves the chemical 
synthesis of new derivatives of 
adenosine 5’-diphosphate, ADP. 
These are designed (i) to resist 
cleavage by phosphatase er.zymes in 
vivo, (ii) to act as specific ligands for 
technetium-99m, and (ii) to pene- 
trate tumour cells selectively. 


The main part of the programme 
will be the synthesis of organic phos- 
phonates of novel constitution and 
their incorporation into biological 
molecules; particular use of multi- 
nuclear high-resolution NMR and of 
MS facilities will be required. 


(ii) Enzyme Inhibitors of the 
Shikimate Pathway in collaboration 
with ICI (Pharmaceuticals Division). 


The project is directed towards the 
synthesis of antibacterizls which 
function by blocking steps in 
aromatic amino-acid biosynthesis. 
Modelling will be based upon know- 
ledge of reaction mechanisms and the 
application of computer graphics. 


Applications or requests for 
further information should be made 
by writing respectively to (i) Dr GM 
Blackburn or (ii) Professor E Haslam 
at the Department of Chemistry, 
University of Sheffield, Sheffield S3 
7HF. Quote ref: R258/G. (6365)F 


WYE COLLEGE 
(University of London) 


DEPARTMENT OF BIOCHEMISTRY, 
PHYSIOLOGY AND SOIL SCIENCE 


SERC CASE STUDENTSHIP 


Applications are invited for a SERC 
CASE Studentship for research into 
the incorporation of foreign com- 
pounds (drugs, pesticides and other 
chemicals) mto lipids, and the 
toxicological consequences of this 
phenomenon. The research will be 
carried out at Wye College, under the 
supervision of Dr P F Dodds, and at 
Shell Research Ltd, Sittingbourne, 
under the supervision of Dr D H 
Hutson. 


Applicants should have, or expect 
toobtain, a first or upper second class 
Honours Degree in biochemistry or a 
related subject. An interest in lipid 
biosynthesis or drug/pesticide 
metabolism would be an advantage. 
The successful applicant will be re- 
quired to register for the PhD degree 
at the University of London. Apphi- 
cations, comprising a full curriculum 
vitae and the names of two referees, 
should be made to The Registrar, 
Wye College (University of London), 
Wye, Near Ashford, Kent, TN25 
5AH, from whom further informat- 
топ may be obtained (6349)F 








THE UNIVERSITY OF 
WARWICK 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


POSTGRADUATE 
STUDENTSHIPS 


Applications are invited from persons 
possessing, or expecting to obtain in 
June 1985, a suitable upper-second 
class Honours degree for the 
following eight studentships: 


1 “Тһе physiological basis of 
oligotrophy - morphological 
adaptation and selected cell type 
expression", Supervisor: Dr С S Dow; 
NERC Quota 


2 “Carbon metabolism and growth 
of Marine Synechococcus species", 
Supervisors: Professor N G Carr/ 
Warwick and Dr I R Joint/NERC 
Institute for Marine Environmental 
Research, NERC CASE. 


3 ‘‘Bioactalytic properties of 
ligninase from Phanerochaete 
chrysosporium’’; Supervisor. 
Professor H Dalton, SERC Bio- 
technology. 


4 “Molecular biological studies of 
infectious bursal disease virus''; 
Supervisor Dr M A McCrae, MRC 
Biotechnology. 


5 “Reverse mutagenesis of Cowpea 
Mosaic virus", Supervisor. Dr D 
Evans/Warwick and Dr G P 
Lomonossof/John Innes Institute, 
SERC CASE. 


6 ‘‘Neutralisation of infuenza virus 
by IgM' Supervisor Dr N J 
Dimmock/Warwick and Dr G C 
Schild/NIBSC; SERC CASE. 


7 “Toxic product removal during 
microbial biotransformations’’; 
Supervisors: Professor H Dalton/ 
Warwick and Dr P J Geary, Shell 
Research Centre; SERC CASE 


8 **Ricin B chain as a carrier of 
antibodies into cells as a contribution 
to a more effective means of treating 
chemical poisoning"; Supervisors. Dr 
L M Roberts/Warwick and Dr A F 
Wright/ICl; SERC CASE 


Applicants should indicate the 
project(s) of interest and send a cv and 
the names of two referees to the 
Executive Officer, Department of 
Biological Sciences, Warwick Uni- 
versity, Coventry CV4 7AL Closing 
date 23rd May 1985. (6383)F 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIP 
Appheations are invited for a 
studentship, leading to the degree of 
PhD on ‘‘Endogenous and exogenous 
regulatory factors of protein 
degradation in normal and abnormal 
skeletal muscle”, funded by the 
Muscular Dystrophy Group of Great 
Britain and Northern Ireland. 
Applicants should possess or expect 
to receive a Ist or upper 2nd class 
degree in Biochemistry, Molecular 
Biology or a related subject 


Applications, together with the 
names of two referees, should be 
received as soon as possible by the 
Registrar, The University, PO Box 
147, Liverpool L69 3BX 


Quote Ref: RV/266 (6378)Е 
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Medical Research Council 
Research Studentship 
(Partnership Award) 

University Laboratory of Physiology, 
Oxford and the National institute for 
Medical Research, Mill Hill, London 


A 3-year M R.C. Studentship 
leading to a D.Phil. is available 
from 1st October 1985, for a 
project investigating contractile 
mechanisms in 'skinned' muscle 
fibres employing 'caged' ATP and 
the  fluorescently labelled 
derivative of the calcium sensitive 
regulatory protein, troponin (TnC- 
DANZ). The training will invoive 
the combination of physiology and 
biochemical methods, particularly 
the use of novel optical and laser 
techniques in muscle research, 
introduced by Dr C C Ashley and 
Dr. D.R. Trentham, F.R.S., the 
co-supervisors of the project. 


The overall atm 15 to correlate 

mechanical and biochemical 

experiments on skinned muscle 

fibres with those on intact fibres 

in order to provide a clearer insight 

into the basic contractile 
| mechanism and its regulation. 


Applicants should have or expect 
to obtain a 1st or upper 2nd class 
honours degree, and have a back- 
ground in physiology, 
biochemistry or physical sciences. 


Applications including a CV 
and the names and addresses 
of 2 referees should be sent to 


Dr C.C. Ashley, University 
Laboratory of Physiology, 
Parks Road, Oxford OX1 3PT, 
as soon as possible. (6312)F 





THE MIDDLESEX 
HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
DEPARTMENT OF ANATOMY AND 
BIOLOGY AS APPLIED TO 
MEDICINE, 

Cleveland Street, London WIP 6DB 


RESEARCH STUDENTSHIP 
IN PATTERN FORMATION 
Applications are invited for a research 
studentship in the area of the cellular 
or molecular basis of pattern 
formation from October 1, 1985. 
Applications, or further enquiries, to 
Professor L Wolpert at the above 
address. (6394)F 


UNIVERSITY OF LONDON 
Institute of Neurology 


DEPARTMENT OF 
NEUROCHEMISTRY 


RESEARCH STUDENTSHIP 
Applications are invited from under- 
graduates expecting to graduate with 
a ist or upper 2nd class honours 
degree in biochemistry or molecular 
tiology to undertake research with Dr 
F S Walsh. The project involves an 
analysis of the structure and function 
of the cell adhesion molecule N-CAM 
in skeletal muscle using a combination 
of cell and molecular biology 
techniques. For further information 
see EMBO J 4 623 (1985). 


Applicaitons, containing the names 
and addresses of two referees, should 
be sent to Dr F S Walsh, Institute for 
Neurology, The National Hospital, 
Queen Square, London WCIN 3BG. 

(6390)F 


* besent. ) 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF BIOCHEMISTRY 
SERC CASE STUDENTSHIP 


Drug Membrane Interactions 


Applhlcations are invited from 
students in physics, chemistry or bio- 
chemistry for an SERC Case Student- 
ship 1n association with the Smith 
Klyne and French Company, 
Welwyn, to apply biophysical tech- 
niques such as laser flash photoplysis 
and FTIR spectroscopy to the studies 
of drug-membrane interactions. 


Applicants should have (or expect 
to have) a First or Upper Second 
Class Honours degree or an 
equivalent qualification. 


For further information please 
contact Professor D Chapman, De- 
partment of Biochemistry and 
Chemistry, Ground Floor, RFHSM, 
Rowland Hill Street, London, NW3 
2PF (01-794-0500 Extn 3246) to 
whom applications giving the names 
of two referees should be sent as soon 
as possible. 

(6357)F 


ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

DEPARTMENT OF PHYSIOLOGY 

MRC RESEARCH 
STUDENTSHIP 


Applications are invited from 
individuals holding, or expecting to 
obtain, a good honours degree in 
Physiology or a related subject for a 
Research Studentship tenable in the 
Department of Physiology, St 
George's Hospital Medical School. 


The successful applicant will work 
on one of several possible research 
projects. Further details are available 
from Professor J G Widdicombe, 
Department of Physiology, St 
George’s Hospital Medical School, 
London SW17 ORE. (Tel 01-672 1255 
x 4651), to whom applications with 
CV and names of two referees should 
(6377)F 





UNIVERSITY OF 
LIVERPOOL 


BOTANY DEPARTMENT 
SERC/CASE RESEARCH ' 
STUDENTSHIP 


Ion transport in a marine fungus 


Applications are invited for a PhD 
research studentship to study ion 
transport in a marine fungus by tracer 
flux analysis and electrophysiocal 
techniques on intact hyphae and 
protoplasts. The studentship involves 
collaboration between the Botany 
Department (supervisor Professor D 
H Jennings) and the Marine Biologi- 
cal Association Laboratory at 
Plymouth (supervisor Dr C 
Brownlee). Candidates should have 
(or expect to have) a First or Upper 
Second Class Honours Degree or an 
equivalent qualification. 


Applications with the names of 
two referees should be received as 
soon as possible by the Registrar, The 
University, PO Box 147, Liverpool 
L69 3BX, from whom further 
particulars may be obtained. 


Quote Ref: RV/262/N  (6354)F 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF MICROBIOLOGY 


SERC CASE STUDENTSHIP 
MEDICAL MICROBIOLOGY 
An SERC CASE award is available in 
association with Glaxo Laboratories 
to study the phenomenon of ‘toler- 
ance’ to penicillin in streptococci. 
Applications are invited for the 
studentship, which 1s expected to lead 
to the degree of PhD The student will 
be concerned with investigating 
factors influencing expression of the 
tolerance phenotype; its biochemical 
basis; its prevalence in clinical isolates; 
and its possible therapeutic impli- 
cations. Applicants should possess, or 
shortly expect to obtain, a first or 
upper second class honours degree in 
microbiology and have a special 
interest in medical microbiology 


Applications, with full curriculum 
vitae and the names of two referees, 
should be submitted to Dr David 
Greenwood, Department of Micro- 
biology, University Hospital, Queen's 
Medical. Centre, Nottingham NG7 
2UH, not later than 31st May 1985. 

(6396)F 


UNIVERSITY OF OXFORD 
BOTANY SCHOOL 


RESEARCH STUDENTSHIP 


Calcium and Calmodulin in 
Higher Places 


Applications are invited for a three 
year Studentship for studies on the 
regulation and localisation of the 
calcium-dependent regulator protein 
calmodulin in higher plants. The 
successful applicant will be expected 
to use immunological and related 
techniques and will work in a small 
group studying similar topics. 
Closing date for applications May 
31st 1985. 


For further details please contact: 
Dr D E Evans, The Botany School, 
South Parks Road, Oxford OXI 


3RA. 
(6362)F 


THE UNIVERSITY OF 
MANCHESTER 
DEPARTMENT OF BIOCHEMISTRY 


SERC/CASE STUDENTSHIP 
Applications are invited for the above 
studentship tenable for three years 
from October 1st, 1985, and leading 
to a PhD degree. The project is con- 
cerned with ‘Procollagen processing 
in the control of fibril formation' and 
will be supervised by Professor M E 
Grant & Dr D J S Hulmes (University 
of Manchester) and Dr C H J Sear, 
G D Searle (Research & Develop- 
ment) High Wycombe, Bucks. 
Applicants should have an interest in 
enzymology, electron microscopy 
and/or the application of physical 
techniques of biochemistry to the 
study of connective tissue disorders. 
They should have, or expect to obtain, 
a first or upper second class honours 
degree in biochemistry or biophysics. 
Applicants should write by May 17th, 
1985, to Professor M E Grant, 
Department of Biochemistry, Uni- 
versity of Manchester Medical School, 
Oxford Road, Manchester M13 9PT, 
enclosing a detailed curriculum vitae 
(in duplicate) and the names of two 
referees. (6399)F 


UNIVERSITY OF LEEDS 
DEPARTMENT OF BIOCHEMISTRY 
SERC-CASE STUDENTSHIP’ 

with 
Shell Research Ltd 
Sittingbourne 


Applications are invited for the abov 
position which involves a joint prc 
ject between Dr D J Bowles at Leedi 
and Dr В L Lyne as the industrie 

collaborator. The research will com 
cern the characterization of marker 
of embryogenesis for use in barle 

anther culture. 


Candidates should have or expec 
to obtain a good Honours degree i 
Biochemistry, Biotechnology or Plan 
Sciences 


Further informauon may be ot 
tained from Dr D J Bowles (053 
431751 ext 7506). Applications wit 
curriculum vitae and the names of a 
least two referees should be sent, b 
31st May 1985, to Dr D J Bowles 
Department of Biochemistry, Univer 
sity of Leeds, Leeds LS2 ОТ 

(6344)F 


THE QUEEN'S UNIVERSITY 
OF BELFAST 


DEPARTMENTS OF BIOCHEMISTRY} 
AND MEDICINE 


RESEARCH STUDENTSHIP 


Applications are invited for an МК‹ 
Partnership Award Research 
Studentship to undertake th 

chemical synthesis of analogues o 

fragments of peptide hormones anc 
to study their biological anc 
immunological properties. The stu 
dentship will be tenable from 1s 
October, 1985 for a period of 3 year 

provided that satisfactory progress i 

maintained. Candidates should have 
Or be expected to have by July, a 
least a second class (upper division 
honours degree in biochemistry o 
chemistry. Applications witl 
curriculum vitae should be sent tc 
Professor D T Elmore, Departmen 
of Biochemistry, Queen’s University 
97 Lisburn Road, Belfast, BT9 7BI 
by 24th May, 1985. (6374)F 


UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF PLANT SCIENC. 
(BOTANY) 
RESEARCH STUDENTSHIP: 


Applications are invited for: 


i. a SERC CASE studentship (wit 
The Rowett Research Institute} 
Immunochemical studies on the plar 
cell cytoskeleton. 


i. a NERC CASE studentshi, 
(with ITE, Banchory Researc’ 
Station): Early changes in soils unde 
birch and heather. 


ii a limited number of addition: 
studentships which may become avai 
able in the fields of plant photo 
physiology, plant morphogenesis 
ultrastructure of plant cells, stomate 
physiology, recognition of plan 
chemotypes by insects, and plant cel 
and protoplast culture. 


For further details write tc 
Professor C H Gimmingham, Depart 
ment of Plant Science, University o 
Aberdeen, St Machar Drive 
Aberdeen AB9 2UD preferably befor. 
May 10th 1985. (6389)F 
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UNIVERSITY OF BRISTOL 


JEPARTMENT OF MICROBIOLOGY 
Applications are invited for . 


TWO SERC/CASE 
STUDENTSHIPS 


ach of which is tenable for 3 years. 

“me project, in conjunction with 
fizer Central Research, will investi- 
ite adhesion of E coli to mammalian 
sceptors mediated by K88 pili. The 
*cond project, 1n conjunction with 
nperial Chemical Industries, will 
vestigate expression of penicillin 
inding proteins in E coli. 


Applicants should have, or expect 
>» obtain, a first or upper second class 
onours degree in a biological 
лепсе. An interest in molecular 
¿netics and/or bacterial cell mem- 
Tanes would be an advantage. 
urther details of both projects may 
е obtained from Dr Ian Chopra, 
Ферагітепі of Microbiology, The 
fedical School, University Walk, 
ristol BS8 ITD to whom appli- 
ations, including a curriculum vitae 
«ad the names of two referees should 
e sent. Applicants should indicate 
hether they wish to be considered 
эг one, or both of the projects. 
‘losing date for applications May 
‘{st 1985. 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF SURGERY 
Applications are invited for a 


UATE 
STUDENTSHIP 
ə work on an experimental study (in 
ivo and in vitro) of the pathways 
wolved in the regulation of gall 
ladder emptying with special 
mphasis on chohnergic mechanisms. 


Candidates, who must have a first 
lass or 2 1 honours degree, will be 
xpected to register for a PhD. 


Applications, stating age, academic 

qualifications and experience, 

»gether with the names of two 

eferees, should be received as soon 

S possible by The Registrar, The 

Jniversity, PO Box 147, Liverpool 
469 3BX. Quote ref RV/265/N. 
(6386)F 





ST. MARY'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, London 

W21 IPG 


SERC CASE 
STUDENTSHIP 


"pplications are invited for a SERC 
Jase Studentship in collaboration 
vith Shell Research Ltd (Dr D H Hut- 
on) for research (leading to a PhD 

*legree) into the effect of environmen- 
al conditions on the metabolism of 
themicals by fish. ; 


Applicants should have, or expect 
O obtain, a first or second class 
1onours degree in biochemistry or 
shemistry, and have an interest in 
themical and environmental 
oxicology. 


Applications, including the names 
of two referees should be sent as soon 
is possible to Dr P Millburn, Depart- 
nent of Biochemistry, at above ad- 
dress, from whom further particulars 


nay be obtained (tel 01-723-1252 
ovt ETRY (QVINE 


UNIVERSITY OF WALES 
COLLEGE OF MEDICINE 
DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS IN ASSOCIATION 
WITH MERCK SHARP AND DOHME 
RESEARCH LTD 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited for the 
above 3-year studentship from candi- 
dates with or expecting a good 
Honours degree. Our preferred 
candidate will have an interest in 
experimental in vitro pharmacology, 
computer on-line data collection and 
interfacing, mathematical data 
analysis and modelling and have 
significant undergraduate experience 
in at aleast one of these. 


The project will investigate the 
intrinsic modulation of neurotrans- 
mission in autonomically innervated 
tissues using microcomputer 
techniques to analyse drug effects on 
responses to field stimulation. 


Applications, in the form of a 
curriculum vitae with the names and 
addresses of two referees, should be 
sent to the Registrar and Secretary, 
University of Wales College of 
Medicine, Heath Park, Cardiff CF4 
4XN, from whom more detailed 
information is available (Tel No 
0222-755944 Ext 2296). (6360)Е 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF ANATOMY & 
EMBRYOLOGY 


Applications are invited for a 

SERC STUDENTSHIP 
to work on the organisation of the 
visual cortex using anatomical, 
physiological, immunohistochemical 
and computer imaging techniques. 
Applicants should have, or expect to 
receive, a good honours degree and 
register for the PhD of the University 
of London 


Applicants should write to Pro- 
fessor Zeki, Department of Anatomy 
& Embryology, University College 
London, Gower Street, London 
WCIE 6BT, from whom further 
details may be obtained. (6395)F 


UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF ZOOLOGY 


SERC CASE STUDENTSHIP 
Trematode larvae and the snail 
immune response 
Applications are invited from recent 
graduates or those about to graduate 
in a Biological Science for a CASE 
studentship leading to a PhD. The 
project, in collaboration with Dr V R 
Southgate (British Museum, Natural 
History), will investigate the cellular 
basis of host-parasite interactions 
between the blood fluke Schistosoma 
spp and the snail Bulinus spp both in 

vivo and in vitro. 


Applications with a curriculum 
vitae and the names of 2 referees 
should be sent to T M Preston, 
Zoology Department, University 
College London, Gower St, London 
WCIE 6BT from whom further 
information may be obtained. 

(6393)F 


UNIVERSITY OF 
CAMBRIDGE 


SERC CASE RESEARCH 
STUDENTSHIP 


Development of Laser-Iomsation 
Mass-Analysis (LIMA) as an 
Organic Microprobe in Chemical 
and Biological Systems 
Applications are invited for an SERC 
CASE Research Studentship ın col- 
laboration with Shell Research Ltd, 
Sittingbourne, Kent, leading to the 

PhD degree. 


The project is of a highly interdisci- 
plinary nature, entailing the 
interpretation of organic mass- 
spectra, the preparation of biological 
materials, modification of computer 
software and an interest in physical 
instrumentation. Most of the work 
will be done on a new Cambridge 
Mass Spectrometry Ltd. LIMA 
instrument in the Department of 
Metallurgy and Material Science, 
Cambridge, with facilities for 
comparative SEM, X-ray micro- 
analysis and FAB-MS work at Shell 
Research Ltd, Sittingbourne. 


Enquiries are invited to Dr M J 
Southon, Department of Metallurgy 
and Materials Science, University of 
Cambridge, Pembroke Street, 
Cambridge CB2 3QZ, from whom 
further particulars may be obtained 
(tel 0223 65151). (6335)F 


UNIVERSITY OF LEEDS 


DEPARTMENT OF PURE AND 
APPLIED ZOOLOGY 


MAFF STUDENTSHIP 


The above studentship is available 
from October 1985 for up to 3 years 
on the following topic. 


The effects on the environment of 
pesticide use on grassland. 


Applications are invited from 
graduates or final year students in 
agricultural zoology; applied biology 
or a related discipline. 


Informal enquiries may be made to 
Dr J S Bale (Tel 0532 431751 ext 
7423). 


Applications in the form of a 
curriculum vitae with the names and 
addresses of two referees should be 
sent to Dr J S Bale, Agricultural 
Sciences Building, The University, 
Leeds LS2 9JT by 20 May 1985. 

(6345)F 





UNIVERSITY OF READING 
DEPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY 
Applications are invited for an 
SERC/CASE STUDENTSHIP 
shared between this department and 
the Tolworth laboratory (MAFF). 
The project 1s on the use of esterases 
as indicators of the exposure of birds 

to pesticides 


Candidates should have a good 
honours degree (Ist or 2()) in 
Biochemistry or a related discipline, 
and some interest in field work. 


Further details may be obtained 
from Mr C H Walker, Department of 
Physiology and Biochemistry, Uni- 
versity of Reading, Whiteknights, 
Reading RG6 2AJ, to whom appli- 
cations and the names of two referees 
should be sent. (6385)F 


UNIVERSITY OF KEELE 


RESEARCH DEPARTMENT OF 
COMMUNICATION AND 
NEUROSCIENCE 


RESEARCH 
STUDENTSHIPS 


Research studentships leadıng to 
the degree of PhD are available in 
this interdisciplinary postgrad- 
uate research Department in the 
following areas of study: 


1 Auditory physiology’ fre- 
uency selectivity, pitch, inten- 
sity, animal models of deafness, 
tinnitus, clinical applications, 
rehabilitation (Professor E.F. 
Evans). 


2. Visual neurophysiology: 
retina, cortex, pattern, texture, 
motion, relative motion; neural 
correlates of after-effects (Dr P. 
Hammond). 


3 Speech processing: human 
perception, computer synthesis 
and recognition, lip-reading aids 
(Dr. WA Ainsworth). 

4 Visual psychophysics: pattern 
recognition, motion acuity, 
mathematical modelling, colour 
vision, clinical applications (Dr. 
DH Foster). 


5 Neuroanatomy: ultrastructure 
of auditory system in normal and 
deaf animals, dye аста of 
physiolo ically, identified 
neurones (Dr. C.M Hackney) 
6. Visual evoked potentials; 
information processing in human 
visual cortex (Dr. D A Jeffreys). 
7. Clinical auditory psycho- 
physics and evoked responses: 
diagnosis, prevention and 
amelioration of sensorineural 
hearing loss (Ог G.F. Pick). 

8 Auditory psychophysics: pitch 
and space perception, frequency- 


sweep adaptation, frequency 


analysis, cochlear echoes, 
tinnitus (Dr. J.P. Wilson). 


Interested students with a first or 
upper second class honours 
degree in an appropriate disci- 
pline are asked to write to: 


Dr. D. .H. Foster, 

(Postgraduate Admissions), 

Department of 

Communication & 

Neuroscience, 

University of Keele, 

Keele, 

Staffordshire ST5 5BG. 
(6347)F 





THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF GENETICS 


SERC/CASE STUDENTSHIP 


Applications are invited for a 
SERC/CASE studentship leading to 
the degree of PhD. The project is 
concerned with molecular genetics 
and gene cloning in the methylo- 
trophic yeast Hansenula polymorpha 
and will be carried out in association 
with Unilever plc. The successful 
candidate will be expected to spend a 
period in Unilever's laboratories in 
Holland. Applicants should possess, 
or expect to obtain, a good honours 
degree in a relevant subject. 


Applications, to arrive before 31 
May 1985 (including a full cur- 
riculum vitae and names and 
addresses of two referees), should be 
sent to Dr P E Sudbery, Department 
of Genetics, the University, Sheffield 
S10 2TN, from whom further details 
may be obtained (telephone 
0742-78555 ext 6186). Quote ref: 
R261/G. (6403)F 
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FELLOWSHIPS 


UNIVERSITY OF GUELPH 
UNIVERSITY FELLOWSHIPS 


The College of Biological Science is emphasizing tts Research and 
Graduate Programs and invites applications from individuals interested 
‘in competing for NSERC University Fellowships Candidates are 
reminded that they would be eligible for consideration for any tenure 
track position available following their appointment 

The following are the areas of research emphasis in the various 
departments: ' 


BOTANY 
Growth and development of plants 
MICROBIOLOGY 
Microbial pathogens of fish 
Fermentation technology 
Molecular biology of virus reproduction 
MOLECULAR BIOLOGY AND GENETICS 
Cell and molecular biology of gene expression 
Development biology 
_ DNA replication and genetic recombination 
Human genetics 
NUTRITION 
Nutritional immunology 
Nutritional toxicology 
Nutritional biochemistry 
ZOOLOGY . 
. Dynamics of marine invertebrate communities 
Developmental and reproductive biology 
, SCHOOL OF HUMAN BIOLOGY 
Human physiolog 
. Physical anthropology 
-Ergonomics 
Quantitative biomechanics/bioengineering І 
Human morphology апа human and medical genetics - 
Successful candidates would have the opportunity of participating in 
both the undergraduate and graduate teaching programs. р 


Applications, including a curriculum vitae, and the names of 
three referees should be forwarded, by August 1st, to: Bruce H. 
Sells, Ph.D., Professor and Dean, College of Biological Science, 
University of Guelph, Guelph, Ontario, Canada Ма дит ^ 


NUFFIELD FOUNDATION 


ONE YEAR SCIENCE 
RESEARCH 
FELLOWSHIPS 


The Nuffield Foundation is offering to University 
Lecturers in Science and Applied Science Departments a 
number of one-year research fellowships to be awarded 
competitively at the end of 1985 and to be held during the 
academic year 1986-87. The objective is to enable 
younger university lecturers to be freed from teaching 
and administrative duties for one academic year. 
Preference will be given to applicants under the age of 40. 
Awards will cover the cost of replacement teaching (up to 
the fourth point on the lecturer scale) and will include an 
allowance for research expenses. 

The closing date is 11th October 1985 and further 
particulars may be had from the Director, Nuffield 
Foundation, Nuffield Lodge, Regent's Park, 
London NW1 4RS. 


This scheme is only open to applicants from Institutes 











UNIVERSITY OF WATERLOO, DEPARTMENT OF BIOLOGY 
NSERC UNIVERSITY RESEARCH FELLOWS 


The Department of Biology, University of Waterloo, invites 
applications for NSERC University Research Fellowships in the 
following areas of research interest (1) population genetics with 
emphasis on the genetic structure and dynamics of real as opposed to 
theoretical. populations, (n) protein chemistry or biochemistry 
(including immunology). Applications in other areas will also be given 
serious consideration Successful candidates will be expected to 
establish a vigorous research program and participate in teaching both 
undergraduate and graduate students. 


A curriculum vitae including names of three referees should be 
sent to Dr. J.E. Thompson, Chairman, Department of Biology, 
University of Waterloo, Waterloo, Ontario, Canada, N2L 361. 
Prospective candidates should examine the NSERC Awards 


within the United Kingdom. 


(6332)E 














UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF MICROBIOLOGY 
POSTDOCTORAL 
FELLOWSHIP IN THE, 
GENETICS OF ENERGY 
TRANSDUCING SYSTEMS 
OF ESCHERICHIA COLI 
A two-year postdoctoral research 
fellowship is available in the 
laboratory of Dr 1 R Booth from 1 
October, or as soon thereafter as 
possible The SERC funded project 15 


Tenecetting IW Arrawemith Tid Rrictal and Cuithine Granhiec Tid Tandan FCAV AHP Printine Kinocdale Prace Deadinn етс mamher af the St 


to study genetic and bioenergetic 
aspects of the role of the eup gene 
product in the transduction of energy 
in E coh. 


Salary on the Range 1A scale for 


Research and Analogous Staff, £7,520 
to £12,150 per annum, with appro- 
priate placing ~ 


Further particulars and application 
forms from The Secretary, The 
University, Aberdeen, with. whom 
applications (2 copies) should be 
lodged by 7 June 1985. (6387)Е 








residents. 


POSTDOCTORAL 
FELLOWSHIP 


Positions are available т an 
NIEHS training program for multi- 
disciplinary research at Yale 
Medical School in environmental 
toxicology and physiology in the 
following areas’ biochemistry, 
epidemiology, pathology, 
p armacology, physiology, and | 
toxicology The positions are 
open to US citizens or per- 


manent residents with M.D, 
DVM., PhD., or equivalent 
degrees Applicants should send 
curriculum vitae with two j 
references, and specify their area 


of interest to. Arthur B. DuBois, | 


M.D., John B. Pierce Found- { 


ation Laboratory, Yale School 
of Medicine, 290 Congress 
Avenue, New Haven, Conn 

06519. Affirmative Action/ Equal 
Opportunity Employer. 


MASSEY UNIVERSITY 
Palmerston North, 
New Zealand 


UGC POST-DOCTORAL 
FELLOWSHIPS 
Applications are invited for Post- 
doctoral Fellowships in 1986 to be 
funded and awarded by the University 
Grants Committee and tenable within 

Massey University 


Awards may be made for one year 
or for three years. 


Аррһсапопѕ from candidates 
wishing to work in any department of 
the University will be considered, but 
in making the awards the University 
Grants Committee will give priority 
to current growth research areas such 
as biotechnology, genetic engineering, 
electronics, engineering, chemistry 
etc 


The emolument payable will be at 
a rate to be determined but not 
exceeding the lowest step on the 
University scale for lecturers 
(currently NZ$23,622 per annum). 


Applicants should have completed 
the requirements for the award of the 
degree of Doctor of Philosophy. 


Further details of the position, 
together with conditions of 
appointment, may be obtained from 
the Secretary General, Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH 
OPF, or from the Registrar of the 
University, with whom applications 
close on 31 July 1985 (W1843)E 


(NW1730)E | 








Guide 1985-86, paragraph 196 on page 54 for details In 
accordance with Canadian Immigration requirements, this 
advertisement is directed to Canadian citizens and 


ermanent 
(NW1740)E 


‘UNIVERSITY OF LEICESTER 


DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS 


MERCK SHARP & DOHME 
NEUROSCIENCE 
RESEARCH FELLOWSHIP 


Applications are invited for a MSI 
Neuroscience Research Fellowship (с 
study cholinergic receptor-effecto» 
mechanisms in brain. The project 
involves receptor labelling and ar 
assessment of receptor-effector 
coupling by examination of сус 
nucleotide and inositol phospholipic 
metabolism in brain. Applicant: 
should have, or shortly expect tc 
have, a PhD and possess suitabk 
experience in pharmacology/bio 
chemistry/neurobiology. Som: 
experience of discrete cerebra 
lesioning or tissue culture would bt 
an advantage. Although this posittor 
15 with Professor S. R Nahorski’s 
research group 1m Leicester, it i: 
possible that a short period may bi 
spent at the MSD Neuroscienct 
Research Centre, Harlow, with Dr I 
L Iversen The Fellowship is from Is 
October 1985, or nearest conveiens 
date, and is for a period of one year ır 
the first instance and for whicl 
funding may be extended for : 
further two years. 

Salary is on the scale £7,52t 
-£12,150 (Research 1A). 

Additional information can bt 
obtained from Professor S Ё 
Naborski, Department of Pharma 
cology and Therapeutics, Medica 
Sciences Building, University. of 
Leicester, University Road 
Leicester, LEI 7RH, UK, (0533 
551234, Ext 361) to whom appli. 
cations, including CV and names o! 
two referees, should be 
sent. (6306)E 


IMPERIAL CANCER 
RESEARCH FUND 


RESEARCH FELLOWSHIP 


A post-doctoral, three year appoint 

ment is available in our Oncogene 
Co-operation Cancer Development: 
Laboratory to work with Dr H Lanc 
on projects involving Isolation oF 
miyc-like genes from tumours anc 
normal cells. 

Salary range £10,220 to £12,505, 
entry according to qualifications ano 
experience. Further details are avail- 
able from Ms S M Hurley, ImperiaM 
Cancer Research Fund, PO Box No 
123, Lincoln's Inn Fields, London, 
WC2A 3PX, telephone no: 01 242 
0200 ext 305. 

Please quote reference no: 71/85. 

(6340)E 
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Copies of articles 

from this publication are 
now available from the 
UMI Article Clearinghouse. 


For more information about the Clearinghouse, 


please fill out and mail back the coupon below. 


Yes! I would like to know more about UMI Article Clearinghouse. 

I am interested in electronic ordering through the following 

system(s): А 

L1 eae eee | O ITT Dialcom 

O OnTym O OCLC ILL Subsystem 

O Other plète specify) 

O Iam interested in sending my order by mail. 

[Г] Please send me your current catalog and user instructions for 
А the system(s) I checked above. 
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Institution/Co OPANY a 
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Address 
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TISSUE POLYPEPTIDE ANTIGEN 


A VALUABLE TOOL IN CANCER RESEARCH AND TREATMENT 


Tissue Polypeptide Antigen (TPA) is a protein related to 
cytoplasmic intermediate filaments of cells in interior epithe- 
lium. Since carcinomas originate in interior epithelium, TPA is 
therefore present in carcinoma cells. Serum or plasma TPA 
measurements are useful in monitoring tumour activity; its 
character as a specific label of interior epithelial cells also 
makes immunohistochemical staining of TPA an important 
technique, both for research and in routine therapy. 





Two TPA positive cells from a transitional cell carcinoma of TPA staining of HeLa cell by indirect immunofluorescence. 
urinary bladder epithelium invading a deeper layer of the The cellular distribution of TPA corresponds to that of 
bladder wall. PAP/haematoxylin staining. Microphoto- intermediate filaments. Microphotograph by courtesy of 
graph by courtesy of Dr P. Oehr, University Clinic, Dr V. Bjorklund, National Bacteriological Laboratories, 
Bonn Stockholm. 


TPA products available from Sangtec Medical: 

1. Detection in serum and plasma by Radioimmunoassay using 
Prolifigen® RIA kit. 
For monitoring cancer therapy and to detect tumour recurrence. 

2. Detection in tissue by immunohistochemistry using rabbit anti- 
TPA:B1 antiserum. 
Evaluation of tumour invasivity; to establish if tumour excision is 
complete; to assess metastasis in lymph nodes and bone marrow; to 
identify origin of undifferentiated tumour tissue. 


Sangtec 
MEDICAL 


BOX 20045 
5-161 20 BROMMA, SWEDEN 
Tel. Int. +46-8-98 83 30 

Telex 12570 ШАВ S 
Distributors: 
Austria: Mallinckrodt Diagnostica Austria, tel. 0222-362112; German Federal Republic: Mallinckrodt 
Diagnostica Germany, tel. 06074-4011; Italy: BykGulden Italia, tel. 02-6195131; Japan: Daiichi 
Radioisotope Laboratories, tel. 03-272-1081; Spain: Mallinckrodt Iberica, tel. 91-7542262; Switzer- 
land: Medipro, tel. 071-331415. In USA for research only. 
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The new Model 381A 
DNA Synthesizer 
optimizes the efficient 
phosphoramidite 
chemistry to reliably | 
and economically EY. gS 
produce high quality v 5 
oligonucleotides. ; 


Results and Affordability 

The new Model 381A produces high purity, 
defined-sequence oligonucleotides quickly 
and economically. It delivers routine cou- 
pling yields of 98—100% and the capability 
to synthesize oligonucleotides with more 
than 100 bases. 

The 381A is a complete instrument- 
reagent system with the proven chemistry 
and precision design that have made Ap- 
plied Biosystems the world leader in synthe- 
sis technology. Affordably priced, the 381A 
brings every researcher the speed and re- 
producibility of automated DNA synthesis 
with the convenience of an in-lab instrument. 


Advanced Capabilities 
The 381A can produce 50 to 100-mers pro- 
viding greater flexibility in gene synthesis 
strategy by minimizing the number of puri- 
fications and ligations. With the efficient 
phosphoramidite chemistry, probes and 
primers can often be used without purifica- 
tion. Specific primers for Sanger dideoxy 
sequencing can be ready for use in less than 
18 hours. 

Production of mixed probes can be ac- 
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Introducing the 
high performance, low cost, 
. fully automated DNA Synthesizer. 









у, {bys 





Automatic rinsing and 
priming of reagent lines 
when new chemicals 
are added, menu-driven 
software and stable, 
prepackaged reagents 
make the 381A easy 

to use. 


complished without any premixing ofbases, 
and the addition of unusual bases can be 
completely automated. Small amounts of 
probes and primers or up to 10 mg of DNA 
for physical studies can be made economi- 
cally and automatically with no hardware 
modifications. 


Fully Programmable 

The 381A can be operated with the standard 
synthesis cycle or used to develop and store 
new chemistry methodologies incorporat- 
ing existing or user-defined functions. Users 
can optimize cycles for up to five different 
nucleotides or derivatives. Integral battery 
with automatic re-start preserves synthesis 
parameters and user-designed cycles when 
power is interrupted. 


Immediate Delivery 

Compare and you'll agree: The 381A is a 
remarkable performance/price value. Your 
local Applied Biosystems representative has 
all the information for immediate purchase 
and shipment. Contact us at one of the of- 
fices listed below or key reader service 
number 08. 


Фе. 


APPLIED BIOSYSTEMS, INC., 850 Lincoln Centre Drive Foster City, CA 94404 (800) 874-9868 * In California (800) 831-3582 Telex: 470052 
NE PE: APPLIED BIOSYSTEMS GMBH, Bergstrasse 104, D6102 Pfungstadt, West Germany * 06157-6036 Telex: 4191746 





RNasin 


© Ribonuclease Inhibitor 


We added 
RNase to 
our RNA 

and got full 

Bro tection. 
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Analysis of Brome Mosaic Virus (BMV) RNA 

Dy agarose gel electrophoresis after the 

following treatments: 

1. Contro! BMV RNA; 

2. BMV RNA treated with RNase A; 

3. BMV RNA treated with RNase A in the 
presence of RNasin ribonuclease inhibitor. 


трин mae 
" 


SOT» qe c oper 


2800 S. Fish Hatchery Road 

Madison, WI 53711 U.S.A. 
Toll Free 800-356-9526 
In Wisconsin 608-274-4330 
TWX 910-286-2738 
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RNasin” ribonuclease inhibitor is a 
protein isolated from human placenta 
which specifically inhibits RNases. It 
functions by binding tightly to a wide 
spectrum of RNases. It can be very 
useful wherever strong RNase inhi- 
bition may be essential to protect 
your RNA. 


When you use RNasin” 
ribonuclease inhibitor you get 
documented performance. 
Since its introduction in 1981 by 
Promega Biotec, RNasin ribo- 
nuclease inhibitor has been used 


world-wide in a variety of applications. 


This highly versatile protein has 
been demonstrated to: 


ы 

Improve cDNA synthesis. Both the 
size and yield of synthesized cDNA is 
improved (1, 2). 


= 

Improve protein translation 
performance. The yield of larger pro- 
teins from wheat germ translation 
systems can be improved (3). The full 
length 200,000 dalton protein of 
Encephalomyocarditis virus can be 


synthesized in a wheat germ system 
only when RNasin ribonuclease 
inhibitor is present (16). 


E 

Increase In Vitro RNA synthesis. 
Nucleoli isolated from Erlich ascites 
tumor cells synthesize larger RNA, 
and Erlich nucleolar RNase is 
inactivated. (4). 





a 

Improve /n Vitro virus replication. 
In Vitro synthesis of plus strand Blacl 
Beetle Virus (BBV) RNA is possible 
only after the addition of RNasin 
ribonuclease inhibitor (6). 


м 

RNasin ribonuclease inhibitor als: 
protects your RNA in other enzym 
reactions where RNase has prove 
to be a problem. These include the 
reactions of: 


* DNase 

* RNA capping and tapping 
* Poly A polymerase 

* Terminal transferase 


Й 

Help prepare RNase-free anti- 
body. RNasin ribonuclease inhibitor 
can be used to remove RNase from 
antibody preparations by affinity 
chromatography (18, 17). 


а 

Enhance yields from Riboprobe™ 
Gene Analysis System RNA 
synthesis reactions. RNasin 
ribonuclease inhibitor is routinely 
used in these transcription reactions 
to ensure the preservation of the fu 
length, single-stranded RNA trans- 
cripts that are made. Such transcrig 
are used as high specific activity 
probes in blot hybridizations (19), 
solution hybridizations (20, 21), and 
in situ hybridizations (22, 23), or as 
full length genomic RNA processing 
substrates (24, 25). 


RNasin ribonuclease inhibitor is also available from any of the following 
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RNasin 


Rbonucdease Nhhibitor 


A proven RNase inhibitor 
that protects your RNA 








DNA cloning prouu.t.. 
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Plasmids/Cosmids Af (1770 

pUC8 Phages 
pUC9 \L47 DNA 
pJB8 À Charon 4A DNA 
pAT153 à gt WES.AB'DNA 
pBR322 Л in vitro packaging kits 
pBR325 À Charon 4A DNA, Eco RI arms 
pJDB207 à gt WESAB'DNA, Eco RI arms 
pJB8 arms M13 mp8 and mp9 vector kit 
Homer III M13 mp10 and mp11 vector kit 
Col E1 DNA M13 tg130 and tg131 vector kit 
pAT153, Pst l-cut, oligo dG-tailed M13 mp8, Sma l-cut, dephosphorylated 
pBR322, Pst |-cut, oligo dG-tailed M13 mp10, Sma l-cut, dephosphorylated 
pAT153, Bam НІ-сиї, dephosphorylated M13 cloning kit with mp8 and mp9 vectors 
pBR322, Bam НІ-сиї, dephosphorylated M13 cloning kit with mp10 and mp11 vectors 


Also available: @ Restriction endonucleases @ Modifying enzymes 
@ Oligodeoxynucleotides @ M13 sequencing kit 


For further details please contact our Research Products technical service group or your local representative. 
Amersnam Corporation 
2636 South Clearbrook Drive, Arlington Heights, IL 60005 4 i lershat | і 
(312) 364-7100 or (800) 323-9750 (Toll Free) 


In Canada 505 Iroquois Shore Road, Oakville ONT L6H 2R3 (416) 842-2720/(800) 268-5061 
Reader Service No.05 
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Fast axonal transport dissected 
Dennis Bray 178 

















































Wind shear and aviation safety First observation of ultra-high-energy 
Edwin Kessler 179 | y rays from LMC X-4 

Potential challenge from glia R J Protheroe & R W Clay 

A R Gardner-Medwin 181 

Predicting the ionosphere Large losses of total ozone in 

D G Cole 182 | Antarctica reveal seasonal 


CIO,/NO, interaction 
J C Farman, B G Gardiner 
& J D Shanklin 


An Ordovician ophiolite 
in County Tyrone, Ireland 
D H W Hutton, M Aftalion 
& A N Halliday 


Evolution and the point of 

the toucan's bill 

J S Jones 182 
Changing weight of photosynthesis 

in the oceans 

I Gilmour 184 


—— COMMENTARY 


Scientific creationism and 
rationality 
M A Cavanaugh 185 


BOOK REVIEWS 


Nuts with everything — three books 

on nutrition 

John Rivers 255 
Biotechnology and Genetic Engineering 
Reviews, Vols 1 and 2 

G E Russell, ed. 

Norman Carey 256 
Design, Construction and 
Refurbishment of Laboratories 

R Lees and A F Smith, eds 

Michael Brawne 257 
Digital Image Processing Techniques 

M P Ekstrom, ed. and Applications 































Seismic sequences in Greece 
interpreted in terms of barrier model 
G F Karakaisis, B G Karacostas, 

E E Papadimitriou, E M Scordilis 

& B C Papazachos 


The origin of authigenic ankerite 
from the Ninian Field, UK North Sea 
J D Kantorowicz 214 























DOUBLE VISION 
IN ANTS 
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A worker desert ant, Cataglyphis fortis, running at full 
speed, holding the abdomen vertically to decrease the 
moment of inertia during high-velocity turns. On page 
228, it is demonstrated that these ants use interocular 
transfer of information when they navigate by the 
pattern of polarization in the sky but not when they 
orientate by landmarks. 
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Anomalous "C enrichment 

in modern marine organic carbon 
M A Arthur, W A Dean 

& G E Claypool 


Seasonal variations in natural 
abundance of '5N in particles 
sinking to the deep Sargasso Sea 
M A Altabet & W G Deuser 218 
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THE assumption that statesmen have no time to read the 
newspapers seems to be gaining ground. That, at least, is the 
“simplest explanation why President Ronald Reagan (at 
Strasbourg) and Mr Mikhail Gorbachev (in Moscow) used the 
_ fortieth anniversary of the ending of the Second World War in 
'* Europe to tell their separate audiences of the other's malevolence. 
Although much of the rhetoric may have been directed at Western 
Europe in general, and not at the European Parliament (Mr 
_ Reagan) or a celebratory parade in Moscow (Mr Gorbachev), both 
-declarations will have helped chiefly to reinforce the belief that 
(nobody is in much of a mind to win agreement at the negotia- 
.tions of strategic arms soon to resume at Geneva. But if the 
г negotiations are again a failure, people may well remember what 
2 "Пе superpower leaders were saying last week. 
As when a bridge-player can win only when some vital card 
' is on his left, he had better play on that assumption, so it is pru- 
‚Чеп to suppose that the rhetoric masks a more benign state of 
, affairs. But then the question arises of the remarks of Mr Richard 
' Perle, assistant secretary at the US Department of Defense, who 
‚ was explaining to a congressional committee again last week why, 
< in general, arms control agreements favour the Soviet Union 
rather than the United States, why the Soviet Union can be relied 
upon to break any agreement that may be signed and why, in 
particular, the United States need not be too meticulous in obser- 
© ving the spirit of the SALT II treaty, the unratified agreement 
which limits the numbers of strategic missiles which each side 
< may deploy, and which has been broadly followed since it was 
г Signed in 1979. Mr Perle, who knows well enough that other peo- 
ple read the newspapers, has never hidden his belief that arms 
control is a fruitless pursuit. But making such a song and dance 
about it is bound to give Soviet readers the impression that it 
zis a part of the US administration's policy, which is presumably 
untrue. 
Mr Perle's views nevertheless deserve attention. There is a sense 
"án which agreements favour the Soviet Union. The US system 
:: is. open to public scrutiny, much of it relentlessly vigilant, while 
..the Soviet system is, by comparison, secret, So, in principle, the 
Soviet Union can sign an agreement and then promptly break 
it. That is what Mr Perle suggests. The snag is that the Pentagon's 
attempts so far to prove Soviet cheating on arms control 


. agreements are thoroughly unconvincing. Allegations of the proxy | 


use of toxic chemicals in South-East Asia are dubious. The allega- 
tions of breaches of the threshold test-ban treaty are only 
marginally convincing, given the uncertainties of seismic inter- 
pretation. The surest transgression so far established is the Soviet 


Biological manuscripts 


< From the beginning of next week (20 May), Miranda Robertson, 
. Biological Sciences Editor of Nature, will be based in the 
- Washington office of Nature. Manuscripts offered for publica- 
| tion may be sent, as at present, to either the London or the 








E. Washington office; with the benefit of good communications, 
“the speed with which manuscripts are dealt will be independent 
of the place at which they are received. But authors are asked 
please in future to send four copies of manuscripts intended for 
-publication (one for each office and two for referees). [Л 





President Reagan and Mr Perle 


| The US administration seems to be speaking with two voices on arms control. Mr Richard Perle, 
-the hard man from the Pentagon, should be the one to opt for moderation. 






















































construction of a phased-array radar at Krasnoyorsk in centra 
Siberia, apparently a breach of the anti-ballistic missile treaty: 
1972 (which has been ratified). The United States has a. perfec 
right to demand a better explanation than has been given so f. 
What Mr Perle leaves out of his calculations is the certainty thai 
the Soviet Union, secretive though it may be, would nevertheles: 
be seriously harmed if it were shown unambiguously. to have 
cheated on a solemn agreement. 

In reality, the Soviet Union (like the United States) has. 
creditable record on compliance with agreements on strategi 
arms, and did not complain that the US underground test. tha! 
vented radioactivity to the surface was a violation of the oldes 
(1953) agreement on nuclear weapons. The agreement not to place 
nuclear weapons (‘‘weapons of mass destruction") in space h 
been kept. If anything, the Soviet Union has been more 
meticulous than the United States in observing the provisions o 
the Non-Proliferation Treaty (1968) that its partners in the civilian 
trade in nuclear materials would not be allowed to fashion nuclear 
weapons from them. Not that either of the superpowers would 
relish the emergence of other nuclear weapons states. The d 
ference between them is merely that the United States has a more 
vivid interest in the commercial benefits of the trade, which an 
often then frustrated by US domestic legislation. 

A more accurate version of Mr Perle's conviction that the 
Soviet Union will always cheat is therefore that the Soviet Union 
will always honour the letter of its agreements, but will exploi 
to the full the opportunities it is not formally denied. This, i 
might be held, is why western Russia was thickly populated with 
SS20 missiles in the late 1970s, in defiance of the spirit but not 
the letter of the SALT I treaty (1972), which says nothing about: 
missiles of intermediate range. 

Mr Perle now says that the new Soviet missile, called the 8525 
which has begun to make its appearance on the ground, is a viola 
tion of SALT H because it is an essentially new device, which | 
would be forbidden by the treaty, even though its external dimen 
sions do not differ much from those of the much earlier 8513. 
Mr Perle's difficulty is that while the treaty allows each side to 
deploy one new type of long-range missile, the definition of what 
is new and different is determined (in article IV.8) primarily by 
the external dimensions (plus or minus 5 per cent). The Soviet. 
Union, which appears to have offered to retire as many old. 
missiles as the new versions it may introduce in the months ahead, 
may be legally right to claim the SS25 is within the treaty. The 
issue matters to the United States, which will have to decide in. 
September whether the sea-trials of the new Trident submarine 
will require it to retire an ageing Polaris boat. What Mr Perle 
might gracefully acknowledge is that the faults lie not primarily- 
with the Soviet Union, but in the language of SALT П, which. 
has been overtaken by events in just seven years. Geneva, now, — 
should be partly about the redrafting of this clumsy treaty апа. 
partly about its extension to missiles of intermediate range. This. 
should preferably be done before the treaty runs out at the епі. 
of December — a deadline specified оп the assumption that, Бу: 
then, there would be more meaningful treaties on the books. ^ 

SALT II is therefore not a treaty that people should struggle 
to see ratified. If that were Mr Perle's case, he would be general- 
ly applauded. Where he goes wrong is where he goes further, in 
saying that the existence of this informal scrap of paper is of no. 




















- significance — that it counts for nothing more than the anti- 
© ballistic missile treaty, now threatened by the star wars pro- 
gramme. The assumption that these documents count for nothing 
is a psychological mistake. The most striking evidence to the con- 
trary is that the two superpowers, while knowing that the treaties 
lack the force of law, have nevertheless chosen to behave as if 
the treaties were binding on them. But to the extent that the states 
of Western Europe are interested parties, these scraps of paper 
are the only assurance they have that events will not get out of 
hand. 
it would serve Mr Perle's purpose just as well, and that of the 
US administration at the same time, if he were to turn the other 
cheek and challenge the Soviet Union by demanding that the US 
Congress should ratify the threshold test-ban treaty in its pre- 
sent form, which forbids the testing even underground of nuclear 
warheads exceeding the equivalent of 150,000 tonnes of TNT. 
This, broadly speaking, is the practice to which the superpowers 
have kept since 1972. Congress in its present mood would sign 
with very little persuasion. (Only the Senate would matter.) The 
benefits would be that the Soviet Union would be required to 
produce a stack of seismic data with the help of which sugges- 
tions of violations could be more accurately assessed, even 
retrospectively. If Mr Perle's suspicions are correct, they would 
be confirmed. If they are not, sweetness and light would spread. 
Either way, the fear would be dispelled that the US administra- 
tion is divided on arms control, showing up at Geneva diligently 
while thinking like Mr Perle. g 


Football squalor 
The deaths at a British football game should be 


an invitation to economic realism. 


THE British government is in a tragic dilemma over the game of 
soccer, otherwise association football. Last Saturday, 53 people 
“were killed (with more than a dozen people still missing) when 
a wooden structure in which several thousand had been sitting 
‘caught fire and burned to a cinder in the Yorkshire city of Brad- 
ford. But for most of the winter, the government has been wor- 
rying not simply about the British economy but about the 
phenomenon of soccer hooliganism, the way in which bands of 
football supporters attack each other, or the other side’s players, 
or sometimes the officials who try to ensure fair play. Football 
crowds have been a worry for British governments ever since 1972, 
when even more people were killed than last weekend during a 
stampede at a football: ground in Glasgow. 

The causes of last weekend’s fire and of the long-standing 
hooliganism of football crowds are linked. British professional 
football, long since a spectator sport, is by legend the poor man’s 
entertainment. So it was before the invention of the television, 
since when attendance at football matches has been falling steadi- 
ly. Now, it is more accurately a poor professional’s living. All 
but the best of football teams scrape by on a shoestring. Their 
grounds are squalid places. Sitting room is limited and expen- 
sive. Most have to stand for a couple of hours at a stretch, often 
crowded together in a way almost calculated to provoke violence. 
Yet so parlous is their financial condition that more than a third 
of the football grounds in England and Wales have been exemp- 
ted from the safety regulations made law in 1975. 

The simple question prompted by the death of 53 people in 
a tinderbox is whether it makes sense for a British government 
which has other things to worry about to shelter from economic 
reality commercial organizations which cannot afford to protect 
their customers from avoidable risks, let alone provide them with 
an environment which induces them to watch the game and not 
attack each other. Whether a country of 50 million people needs 
more than 100 professional football teams in the top flight (coun- 
ting those in Scotland) is a matter that should be determined by 
_ market forces and not the government. If the outcome were that 
some were at a loose end on Saturday afternoons, and forced 
as a consequence actually to play the game they would otherwise 
cbe watching, that might be no bad thing. [1 

















Patent rights 


Two years late, British academics are to have ti 


tle to patents arising from inventions. 


Two years have passed since the British Prime Minister, Mrs 
Margaret Thatcher, promised publicly that inventions generated. 
with public support would no longer have to be offered for ex- 
ploitation to the National Research Development Corporation 
(NRDC), but only this week has the government decided that the 
time for changing the present system has actually arrived. From. 
now on, universities will be free to exploit their own inventions, 
whether or not they arise from research grants awarded from 
public funds. NRDC will remain in being (as part of what is now: 
called the National Enterprise Board), and may paradoxically be 
even more ready in the future than in the past to exploit inven- 
tions offered by academic researchers, not least because there will 
be competition. Individual researchers are likely to be excited (and 
surprised) by the details of the new arrangements, which should 
provide them with a powerful incentive to market their 
discoveries, but their institutions will also benefit, on paper at 
least. So will British academic research now be further transform- 
ed by people's ambitions to get rich? 

To a first approximation, the answer is no. The new are. 
rangements for the exploitation of British inventions are no dif- 
ferent in principle from those in force in the United States since 
1972. Before British academic researchers and their institutions 
start counting their golden geese (to mix two metaphors), they 
had better reflect on the frequently disappointing experience of 
US universities, which have often found that the right to the in- 
dependent exploitation of innovations is often exercised only with 
difficulty, while the duty to do so (implied by the US legislation) : 
may be onerous. For what many US universities have discovered. 
is largely what NRDC has been saying almost since its founda- ; 
tion in 1947 — that only a tiny proportion of academically-based | 
patents become money-spinners. A large national organization, | 
with a monopoly right of first refusal, can hope to cover the cost. 
of protecting ideas taken onto its books by the proceeds from. 
а few money-spinners. Smaller organizations, even whole univer- 
sities, are by definition less able to cover their risks. | 

Even so, it is right that there should be a change in the ar- 
rangements in force in Britain. Although NRDC has never manag- 
ed to demonstrate the touching belief of its founders that Bri- 
tain was awash with patentable inventions going to waste, and 
while its work over the decades has been creditable, it has also 
accumulated a rich fund of ill-will among academic researchers: 
who consider, rightly or wrongly, that their bright ideas have been 
too often overlooked. The truth, of course, is that no single. 
organization can hope to make consistently wise decisions in such 
a vast field. The best approach is bound to be one in which dif- 
ferent organizations make independent appraisals of novel 
developments and then agree to back those they fancy with tangi- 
ble resources, both money and management. With the persistent 
pressure on university research funds, and the change in general 
attitudes towards the exploitation of new ideas, ending the cor- 
poration's monopoly right will do much more good than harm. 

The corisequences of this change for the character of what hap- 
pens in British academic laboratories is unlikely, in the short run, 
to be profound. To be an acknowledged success as a scientist or 
engineer will continue to be an important if no longer a para- 
mount consideration. Moreover, NRDC will retain an active in- 
terest, and indeed is plainly planning (with government help) to 
strengthen its links with university researchers. The most likely 
change is that there will be other venture capitalists scouring the 
academic laboratories for exploitable innovations, while establish- 
ed companies will have a further incentive to forge academic links, 
perhaps with particular departments, by offering help with pa- 
tent protection. The danger, probably not at this stage serious, 
is that some universities or parts of them may become so immured: 
in particular relationships that they will cease to be impartial: 
sources of help and advice for industry at large. That is an issu 
to which university: administration боша urgently pay att 













Academy divided over 
new agreement 


Washington 

THe US National Academy of Sciences 
(NAS) is coming under increased criticism 
for negotiating a renewed scientific ex- 
change agreement with the Soviet Academy 
of Sciences last January. Details of the 
agreement, which is still awaiting ratifica- 
tion by the Soviets, are being kept secret 
by the academy, which has intensified the 
uneasiness of groups working on behalf of 
Soviet refusniks and dissidents. 

Shortly before the NAS annual meeting 
last month, a letter, signed by Christian 
Anfinsen, Paul Flory and Arno Penzias, 
was sent to all academy members, challeng- 
ing both the wisdom and the morality of 
the move to reestablish ties. (The letter was 
subsequently published in Science 228, 530; 
1985). Anfinsen et al. asked what had 
changed *'to explain the about-face from 
the moral stance of 1980", when NAS 
broke off relations with the Soviet 
Academy in protest at the internal exile of 
Andrei Sakharov. 

The three said Sakharov's condition had 
in fact worsened, and, citing NAS's own 
Committee on Human Rights, that there 
had been many new arrests of scientists. 
“To have held the negotiating meeting in 
Moscow", they concluded, **makes it hard 


to avoid an unfortunate hat-in-hand | 


image.” 

A sharper challenge has come from 
Sakharov’s son-in-law, Efram Yankele- 
vich, who is living in the United States. 
After seeing Dr Frank Press, president of 
NAS, Yankelevich wrote an impassioned 
letter, taking Press and the academy to task 
in the strongest terms for having abandon- 
ed his father-in-law. The letter has been 
widely circulated within the scientific 
community. 

Finally, Richard Perle, the hard-line 
Assistant Secretary of Defense for interna- 
tional security policy, broke government 
silence on NAS’s actions with a strong 
criticism of his own. Speaking at a press 
forum arranged by the Scientists Institute 
for Public Information in Washington, 
Perle said that he was ‘‘disappointed that 
NAS is plunging ahead” with renewing ex- 
changes. He argued the familiar ad- 
ministration line that the Soviets gain more 
from such exchanges than does the United 





Correction 

IN the graph illustrating the percentage of 
approved extramural research grants that 
are awarded by the National Institutes of 
Health (Nature May 9, p.88), the units on 
the right-hand axis were incorrectly 
specified. The range covered should have 
been from 30 per cent to 60 per cent, not 
trom 3 per cent to 6 per cent. g 
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There is little doubt that Press has the 
support of the NAS membership, but these 
attacks have put him on the defensive. 
Press said last week that the differences bet- 
ween him and his critics amounted to a 
disagreement over tactics for aiding the 
refusniks and dissidents. He argued that, 
without face-to-face contacts, NAS's 
leverage is *‘non-existent’’. He said that 
"sending telegrams that are never even 
acknowledged may ease people's cons- 
cienees, but there's no proof they've done 
апу good". 

Asked about reports from refusniks that 
their situation has worsened since he sign- 
ed the agreement in Moscow (see the letter 
from Solomon Al'ber in Nature, 2 May, 





| trary information"' from his sources. And 


p.10), Press said that he had heard '*con- 


a source familiar with the negotiations said 
that NAS had demanded considerable con- 
cessions, including mention of the Helsinki 
accord in the text of the protocol. Academy 
officials have also let it be known that a 
part of the NAS delegation that went to 
Moscow met with refusniks there; Press 
himself did not, however. 

As for Perle's criticisms, Press said that 
“he should have asked me what happened 
in Moscow before he made those 
remarks", remarks Press characterized as 
“intemperate”. 

Press said that Perle had not taken ad- 
vantage of the opportunity to be briefed 
about the agreement (as were State Depart- 
ment officials and the US Ambassador in 
Moscow). 

Press also rejects complaints about the 
secrecy of the document. He said that it is 
still in draft form and cannot be made 
public until negotiations have been com- 
pleted and the text has been agreed by the 
Soviets. Stephen Budiansky 





Sakharov 


Resignation from Soviet academy 


Ottawa 
THE Ottawa review conference of human 
rights performance by the 35 signatory 
countries of the Helsinki Final Act open- 
ed last week to a flurry of rumours that 
Academician Andrei Sakharov and his 
wife, Elena Bonner, have received permis- 
sion to emigrate. 
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These rumours, which did little to defuse 
the procedural hassles that delayed the for- 
mal opening of the conference by several 
hours, so far remain unconfirmed. 

Almost simultaneously came the news, 
confirmed by Dr Efrem Yankelevich, Mrs 
Bonner's son-in-law, who acts as Dr 
Sakharov's personal representative in the 
West, that Dr Sakharov had announced his 
intention of resigning from the Academy 
of Sciences of the USSR, with effect from 
10 May, if his conditions of exile are not 
improved, and if Mrs Bonner is not allow- 
ed to travel abroad for medical treatment. 

Although the Soviet authorities have, on 
several occasions, tried to pressurize the 
academy into expelling Dr Sakharov, these 
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efforts have been resisted even by party 
hard-liners in the academy as liable to set 
a dangerous precedent. Dr Sakharov's 
voluntary resignation, however, would 
clearly not be in the interests of the 
authorities, in view of the considerable 
comment it would arouse internationally. 
Moreover, Dr Sakharov, who will be 64 
on 21 May, is past Soviet pensionable age, 
and the loss of his academy stipend, which 
he has still been permitted to draw, would 
not necessarily put him at risk of a charge 
of ''parasitism"" (being without visible 
means of support). Dr Sakharov has 
previously been reluctant to leave the Soviet 
Union, feeling that his presence there pro- 
vides valuable moral support for the human 
rights movement and for victims of oppres- 
sion. Hence in 1975, he did not collect his 
Nobel peace prize in person for fear that 
he would not be allowed to return to the 
Scviet Union. Since he was exiled to 
Gor'kii in January 1980, he has been ef- 
fectively prevented from giving any 
assistance to his distressed fellow-citizens, 
and in 1983 he accepted an invitation from 
the Norwegian government to settle in Nor- 
wey — provided, of course, that he is 
allowed to leave the Soviet Union. 
Prospects for the Sakharovs to emigrate 
are not, however, promising. According to 
Dr Yankelevich, Mrs Bonner, who was 
sentenced to three years' internal exile to 
Gor'kii in August 1984, was excluded from 
the amnesty proclaimed in honour of the 
fortieth anniversary of the end in Europe 
of the Second World War. Dr Sakharov's 
own exile, of course, is the result of an ad- 
ministrative decision and, technically 
speaking, has no legal validity. 
Vera Rich 
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Genetic engineering 


Washington 

IN the face of proposals to create a new 
layer of bureaucracy to oversee genetic 
engineering, the Recombinant DNA Ad- 
visory Committee (RAC) of the National 
Institutes of Health (NIH) has begun to 
assert itself with a new vigour. At the 
meeting of the committee on 2 May, 
members voiced concern that other agen- 
cies moving to assert jurisdiction over 
recombinant DNA — in particular the En- 
vironmental Protection Agency (EPA) — 
lack the expertise that RAC has ac- 
cumulated in its 10-year existence and that 
basic research could suffer as a 
consequence. 

The focus of concern is the lengthy pro- 
posal of the Office of Science and 
Technology Policy (OSTP) for the 
establishment of a "''coordinated 
framework” for regulating biotechnology 


posal, a Biotechnology Science Board, a 
sort of '"super-RAC"', would be created to 
address generic issues and to settle in- 
teragency disputes; іп addition, each agency 
ах deals with biotechnology (US Depart- 
ment of Agriculture, National Science 
. Foundation, EPA, Food and Drug Ad- 
“ministration and NIH) would have its own 
RAC to provide advice within the agency. 
>: Although most of this proposed 
+ bureaucracy would address only applica- 
tions for marketing or development of 
commercial products and would not in- 
„volve any new statutory authority, EPA has 
indicated its intention to claim some 
.authority over research. The agency has 
already said that field tests of microbial 
pesticides produced by genetic engineering 
"соте under the Federal Insecticide, 
Fungicide, and Rodenticide Act (nothing 
пем), and (a definite departure) that the 
"usual 10-acre exemption would not apply. 
Under interim rules announced by the 
agency, anyone who wants to field-test a 
genetically engineered microbial pesticide 
on a plot of any size must notify EPA; the 
“agency can then demand a formal applica- 
tion for an "Experimental Use Permit” 
EPA also intends to view the DNA in 
novel microbes as ''new chemical 
substances", subject to the notification and 
safety-testing requirements of the Toxic 
Substances Control Act (TSCA). Under 
that act, EPA must be notified 90 days 
before the manufacture of such a new 
substance commences; EPA can demand 
additional data and with cause can restrict 
or even ban the product. 
In a letter from RAC chairman Robert 
; Mitchell to OSTP, the concern of RAC 
about the proposal was spelled out; RAC 
members say that EPA and other agencies 
. appear to be reinventing the wheel, raising 
"questions that RAC was able to lay to rest 
years ago. And there is strong feeling 
within RAC that all laboratory research at 


(see Nature 343, 85; 1985). Under that pro- | 





RAC stakes its claim 


least must remain the business of RAC 
alone. 

In discussion at this month's meeting, 
members made it clear that a major func- 
tion of the committee since its inception — 
in the committee's own view, that is — has 
been protecting basic research from over- 
regulation, a feat accomplished largely by 


providing a forum for defusing public con- | 


cern and heading off demands for regula- 
tion per se through a demonstration of 
cautious self-regulation. 

Although EPA's TSCA proposal raises 
the possibility of EPA's regulating even the 
laboratory research phase of certain com- 
mercial biotechnology products, RAC in 
fact faces little challenge to its claim to hav- 
ing exclusive oversight over laboratory ex- 


periments. The major grey area at this | 


point is environmental testing. The RAC 
staff, still staggering under the paperwork 
and legal burdens of the Lindow- 
Panopoulos proposal for field-testing 
genetically altered ice-nucleating bacteria, 
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would like to turn it all over to EPA. A 
proposal by the staff, on which RAC decid- 
ed to defer action at the last meeting, would 
allow RAC at its discretion to accept the 
review of a proposal by other agencies as 
meeting RAC's requirements. The partial 
victory by anti-genetic-engineering activist 
Jeremy Rifkin in the Court of Appeals (see 
Nature 7 March, p.6) has opened the way 
for continual court challenges of the ade- 
quacy of RAC's approval of Lindow's ex- 
periment and other environmental-release 
experiments, another headache that the 
staff would as soon avoid. 

At least a part of the RAC membership, 
however, is less ready to concede that 
jurisdiction to EPA. RAC has adopted an 
informal document to guide those submit- 
ting proposals for environmental-release 
experiments (Points to Consider for Sub- 
missions Involving Testing in the Environ- 
ment of Microorganisms Derived by 
Recombinant DNA Techniques); it was 
noted at the recent meeting that RAC en- 
joys the flexibility easily to amend this 
document with experience; the regulatory 
agencies face a much more ponderous pro- 
cess. Stephen Budiansky 
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More engineers needed 


Washington 

THE chronic shortage of engineering facul- 
ty at US universities has arisen largely 
because engineering professors are paid 
$10-12,000 a year less than their counter- 


parts in industry, according to a $900,000 | 
study of engineering education* published i 


last week by the National Research Coun- 
cil (NRC). And although the number of 
engineering PhDs awarded each year will 
increase over the next few years to 4,000 


| in 1988 (from 2,800 in 1983), this will still 


not be enough to meet the increased de- 
mand from 
institutions. 
According to NRC, 8.5 per cent of 
engineering faculty positions are unfilled, 
and 6,700 new appointments would have 
to be made to restore student/staff ratios 
to the levels common in the mid-1970s. The 
situation is unlikely to improve greatly 


unless a university career is made more at- | 
Ап | 


tractive for talented researchers. 
associate professor in his 30s, for example, 
will typically earn less than $38,000 a year. 

NRC calculates that as many as 30 per 
cent of all US engineers work for the 


government either directly or indirectly, | 


and uses this statistic to argue that both 
government and industry would be work- 
ing for their own benefit in making ad- 
vanced engineering studies more attractive. 
Legislation should be introduced that 
would ‘‘facilitate’’ gifts of laboratory 
equipment to engineering colleges. And the 
federal government should be prepared to 
match dollar for dollar funds raised for 
new buildings. 

NRC makes surprisingly little attempt to 


industry and academic | 
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analyse future demands for different 
engineering skills, but does predict that the 
number of engineers needed will increase; 
The lack of hard numbers is blamed on the 
poor quality of existing databases, and 
NRC asks in passing that the National 
Science Foundation (NSF) should do 
something about it. One somewhat sen- 
sitive problem, however, is that more than 
40 per cent of graduate students studying 
engineering in the United States are 
foreigners on temporary visas, many of 
whom will return to their own countries 
after graduating. NRC wants to see more 
US citizens in the pool. 

The NRC study is critical of the way that 


| most federal support for engineering is 


channelled into a relatively small group of 
**first tier” colleges specializing in graduate 
education. More than half of engineering 
graduates with bachelor of science degrees 
graduate from the disadvantaged second 
tier colleges, however. 

NRC is laconic when it comes to what 
exactly should be taught, however. The 
study concludes, on the basis of verbal 
arguments, that it might be advantageous 
to delay specialization in some arcane fields 
in order to improve management and com- 
munications skills, apparently often lack- 
ing in engineering graduates; again, NSF 
is asked to experiment with novel courses. 

The NRC study was supported by NSF, 
the National Aeronautics and Space 
Administration, the armed forces and in- 
dustrial corporations. Tim Beardsley 







*Engineering education. and practice in the United 
States: foundations of our techno-economic: futur 


b 
be 
- 


ATURE VOL US IE MAY BRS 


Star wars 


Franco-German accord? 


THE disagreement at last month’s summit 
meeting between France and West Ger- 
many over participation in the US star wars 
programme seems to be blowing over. 
President Frangois Mitterrand seems to 
have offended Chancellor Helmut Kohl at 
the Bonn meeting by saying that France 
would not take part, and seems himself to 
have taken offence at West Germany's 
willingness, which was taken as a sign of 
disinterest in the alternative French pro- 
posal of a European programme of high- 
technology research, called Eureka. It is 
now expected that these differences will 
melt away when Mitterrand visits Bonn 
later in the month, but meanwhile it has 
come to light that two major French com- 
panies are planning to go ahead with star 
wars research in any case. So what exactly 
did Mitterrand's gesture mean? 

M. Pierre Aigrain, research director of 
Thomson-CSF, one of the two French 
companies suspected of star wars complici- 
ty, said last week that he "didn't know”. 
And others, pointing to the electronics and 
armaments company's continuing heavy 
losses, suggested that if Thomson-CSF 
could (quietly) find a slice of the $26,000 
million star wars budget, nobody in France 
was going to complain too much. 

Aigrain, himself an ex-minister (of 
research), agrees that, on the whole, Mit- 
terrand is right to be wary of arrangements 
in which Europe would act merely as sub- 
contractor to the United States. But would 
Thomson-CSF itself consider such deals? 
“That’s something we would look at on a 
case by case basis", said Aigrain. His com- 
pany is among the world leaders in higher 
power vacuum-tube technology. ''If we 
were asked to develop a special high power 
tube, І don't know whether we'd say no. 
I think probably we'd consider it if the fund- 
ing's all right and so on. A company will 
always react by thinking about its own pro- 
fit." When it comes to research funding 
from abroad, however, a company would 
need government approval. 

Aigrain considers, as does the French 
government, that in the Strategic Defense 
Initiative (SDI or star wars) programme, 
the United States ‘‘is at least as much look- 
ing for a way of advancing technology as 
it is in developing an active weapons 
system”, In Europe, this technology should 
be developed by European cooperation, 
Aigrain believes, thus defending President 
Mitterrand's proposal of a major civil pro- 
gramme, Eureka, to match those aspects 
of SDI capable of civil application. 

“The big problem is that until now, with 
the exception of the European programme 
of research in information technology 
(ESPRIT), Europe has been spending ex- 
tremely little on joint technology program- 
mes’’. Even ESPRIT is costing only one- 
fiftieth of the SDI budget. Thus Mitter- 
rand's Eureka '*is a way to say we've no 
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option but to spend a lot more money on 
advanced technology. As lar as this is con- 
cerned І can only say I'm in favour of it”, 
said Aigrain. 

The money should not come from extra 
taxes, but from rechannelling existing, 
poorly-spent sums. In telecommunications 
systems, Europe spends more on research 
and development than the United States 
and Japan put together, according to 
Aigrain. But much of the spending is 
duplicated and *'rather ineffective". 

The problem with SDI for Europe, says 
Aigrain, is that the programme has been 
put under the military. ‘It’s irue in every 
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country in the world that the defence 
establishment is usually the most efficient 
user of technological advance. One may not 
like it but it's true. The problem in Europe 
is that we don't have a military establish- 
ment at European level. but | don't think 
we should have this until we have a much 
greater level of political unity.” 

The most important spin-off from SDI 
will be in communications and systems, 
Aigrain believes. ‘‘It’s obvious — people 
are always speaking of the basic weapons 
part of SDI but a much bigger challenge 
is the automatic collection of information, 
processing the data, making an intelligent 
system, says Aigrain. He believes the 
development and civilianization of such 
technology may be the biggest effect of 
SDI. 


All change ahead in London 


THE Royal Society of London seems to be 
well launched on a period of organizational 
change, with a new management structure, 
new people in top posts and with ambitions 
to exert more influence on public policy. 
The immediate occasion for the change is 
the retirement of Dr R.W.J. Keay from the 
post of executive secretary of the society 
with effect from 20 May. 

Keay is to be succeeded by Dr Peter T. 
Warren, deputy secretary since 1977. The 
society has taken this as an opportunity to 
equip itself with a middle management 
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Sir George Porter. 


structure. The post of deputy secretary has 
been abolished, but instead there will be 
three officials responsible for national, in- 
ternational and financial matters. 

Mr Peter Cooper, a member of the socie- 
ty’s staff for the past ten years, will be the 
assistant secretary responsible for national 
affairs, Mr S.J. Cox (now at the British 
Embassy in Washington) will look after in- 
ternational affairs while Mr N.B. Parfitt, 
now the society's finance officer, will be 
in charge of finance and administration. 
One of the officers of the society says that 
the need for the new structure has been ap- 
preciated for some time, but that the 
change has been delayed by lack of funds. 

Among the new directions in which the 











society is embarking is that of providing a 
more systematic commentary on the con- 
dition of British science than has been pos- 
sible by means of the ad hoc studies car- 
ried out by voluntary committees, which 
have nevertheless been a growing part of 
the society's work in the past five years. 

The plan now is to set up a small unit, 
comprising perhaps three professional peo- 
ple, to compile a database describing the 
pattern of British academic research and 
eventually to produce analytical papers 
which, it is hoped, will guide the often 
acrimonious public debate about the scale 
and mechanisms of research support in Bri- 
tain. To ensure the independence of this 
unit, whose acting head is Dr Peter Collins, 


| the Royal Society plans to meet the costs 


out of its own funds, not from those sup- 
plied by the central government. 

Meanwhile, the Royal Society is also pre- 
paring for one of its quinquennial changes 
at the top. Sir Andrew Huxley, president 
of the Royal Society for the past five years, 
will retire on 30 November and be succeed- 
ed by Sir George Porter, director of the 
Royal Institution since 1966, who shared 
à Nobel Prize in 1967 for his work on the 
use of lasers in the study of rapid chemical 
reactions. Porter plans to retire from the 
Royal Institution, but a date has not yet 
been fixed. 

The effects of this change are, as always, 
unknowable. Sir Andrew Huxley, thought 
before his election as president to have been 
shy of public controversy, has been out- 
spoken on a variety of issues, ranging from 
the Soviet treatment of scientists and the 
rights and wrongs of cladistics to the British 
government's regard for basic science. 
Dogged determination has been the watch- 
word in the past five years. 

Porter is more mercurial than Huxley, 
and has earned a reputation as a popu- 
larizer by means of his work with tele- 
vision, which fits in with some of the socie- 
ty's ambitions to improve the public 
presentation of science. o 


Robert Walgate 
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Japanese environment 





Tokyo 
Ривс outcry over pollution has almost 
vanished in Japan as the once notorious 
Tokyo smog becomes just a memory of the 
1970s: the feeling is that the really big pro- 
blems have been beaten. 
The White Paper (policy statement) just 
released. from the Environment Agency 
thus comes as something of a shock, detail- 
ing a host of new and more insidious 
problems. 
There is no doubt that major battles have 
been won in the control of air pollution. 
Ten years ago, photochemical smog warn- 
ings were issued on close to 300 days of the 
year and some 5,000 victims a year were be- 
ing registered in Tokyo alone. In 1965, 
things got so bad in Yokkaichi, a refinery 
port close to Nagoya, that all primary 
school children in the most polluted parts 
of town were issued with special face masks 
== not that they appeared to be effective. 
Now, nitrogen dioxide levels in the air are 
steadily declining in most parts of the coun- 
‘try, despite increased traffic, and smog 
alerts are down to some 130 days a year. 
Where new problems are arising is in the 
pollution of rivers and lakes and in the 
mass movement of population to new 
satellite cities with an infrastructure ill- 
prepared to receive them. Japan's largest 
Лаке, 674 square kilometre Lake Віма, pro- 
''vides a classic example. The population of 
Shiga prefecture, in which the lake is 
located, is growing very rapidly as people 
move out of the nearby Osaka and Kyoto 
< conurbations in search of a better environ- 
“ment and industries are relocated where 
land is cheaper. 
The resulting effluent pouring into the 
lake, coupled with acid rain from the huge 
industrial areas nearby, is now rapidly tur- 
ning it into a graveyard. The shallow 
‘southern half of the lake is in a state of 
almost total eutrophication, and the nor- 
thern half is plagued by ''red tides" — 
; freshwater algal blooms. Attempts to cut 
the input of phosphates, by banning sale 
and use of phosphate detergents, for exam- 
ple, began in 1980 but came too late; it is 
unlikely that the lake water will show ma- 
jor improvement this century. 
Similar problems are seen in many other 
lakes and rivers, and pollution is spreading 
into underground waters. Analysis of water 
in wells shows that some sites are contami- 
nated by carcinogenic organo-chloro com- 
pounds at 600 times the levels recognized 
as safe by the World Health Organization, 
а serious problem given that 30 per cent of 
Japan's drinking water comes from under- 
ground sources and that the sources of pol- 
lution are virtually untraceable with present 
understanding of underground water flow. 
All this highlights the way in which 
movement of population from the country- 
side and giant cities into suburban satellite 
cities, accompanied by an increasing 








Rediscovery of pollution 


reliance on automobiles, has not been ac- 
companied by adequate attention to 
sewerage and water supplies. “А glut of 
Walkmans and a shortage of sewers’ was 
how experts from the Organisation for 
Economic Cooperation and Development 
recently summed up Japan's emphasis on 
private rather than public expenditure. 
Noise, traffic jams and garbage disposal 
problems are also becoming more sevefe in 
the new cities as they inherit the crises of 


the larger cities, and with Japan's urban | 
| population expected to reach 70 per cent 


of the total by the end of the century, there 
is little hope of a let-up in the pressure. But 
creating new urban infrastructures, or the 
greater dispersal of population and industry 
that the white paper calls for, cannot be 
achieved without massive expenditure that 
the government seems unwilling to make. 

To cope with deterioration of lake and 


marshland, the Environment Agency has | 


introduced legal limits on the levels of 


phosphorus and nitrogen effluent that can | 


be discharged by industry. Japan is the first 
nation to attempt to control both factors. 
Initially stringent limits were, however, 
reduced after opposition by the Ministry of 
International Trade and Industry (MITI), 
highlighting the Environment Agency's 
own lack of power. Although the agency 
was originally intended as a single compre- 
hensive pollution control body, when it was 
set up in 1971 it found that ministries with 


regulatory powers over pollution, par- | 


ticularly MITI, were unwilling to relinquish 
them. The result is that the agency is a 


watchdog without teeth: it can plan and co- | 


ordinate policies but is not responsible for 
enforcing them, except in the case of 
wildlife protection. 

In this area, the Environment Agency 
has just shown a willingness to respond to 
international concern by setting up a new 
**Headquarters for Wildlife Protection 
Measures". Severe criticism of Japan from 
abroad, reinforced by the visit of Prince 
Philip, Duke of Edinburgh, in his capaci- 
ty as president of the World Wildlife Fund 
(see Nature 311, 698; 1984), for failing to 
obey the Washington Convention pro- 
hibiting the import of endangered species, 


was the chief stimulus to the establishment | 


of the new office. The number of customs 
houses through which wildlife can be im- 
ported has been reduced to nine and of- 
ficials are given training in spotting illegal 
imports. 

The white paper itself, however, pays 
scant attention to international issues. 
Although it charts the destruction of 
tropical rain forest in South-East Asia — 
destruction in which Japanese logging com- 
panies and Japan's voracious demand for 
timber have played a large part — it does 
not call for any action other than member- 


| ship of standard international environ- 


mental organizations. Alun Anderson 








| French neci : 
New watchdog | 
barks well 


Paris 
UNDER a dozen glittering candelabra that 
must each weigh a ton, beneath the 
frescoed ceilings of the Elysée Palace and 
surrounded by much of the academic élite 
of France, President François Mitterrand. 
last Friday gave his full dignity to the latest 
effort to reform the French university: 
system, the establishment of the Comité 
National d' Evaluation des Universités, or 
CNEU. 

| The purpose was serious, and the guests 
were hopeful, especially the director- 
general for the universities at the ministry 
of education, M. Jean-Jacques Payan,: 
whose cheerful face has been proclaiming 
lately that he thinks his job now done... 
The 75 French universities, many created... 
shortly after the 1968 student revolt, and 
mostly egalitarian and left-wing in spirit,” 
have been opened up to once-hated in- 
dustry апа now, through CNEU, to com-* 
petition among themselves. 

The committee ‘‘responds to an evident 
need” said President Mitterrand on Friday. ` 
“It signifies for our country an innovation 
of major importance.” It represents the in- 
creasing autonomy of the French univers: 
sities (sweet words to the relatively. 
powerless university presidents) whose 
| counterpart is ‘‘the objective evaluation of : 
their strengths and weaknesses” (rather: 
more bitter words for the feebler insti-- 
tutions). ; 

СМЕО will be *‘entirely free” to таке. 
its own judgements and will report each ` 
| year to the President. M. Mitterrand said, - 
“I expect reports to have concrete effects’?! 
on the decisions of the French administra- 
tion. (CNEU will not directly control and 
divide funds as does, say, the British 
University Grants Committee.) 

The French universities, described by M. 
| Henri Tézenas du Montcel, who resigned. 
as president of the University of Paris: 
(Dauphine) to write a critical book on his: 
alma maters, as those ‘‘foggy and smoky’? ` 
places, are now required, said M. Mitter=. 
rand, ‘чо be more transparent and to. 
develop the best among them’’. 

The universities must obey three prin- 
ciples, he said: autonomy, which the Presi- 
dent expanded to mean obedience to the: 
recently-introduced system of research con- 
tracts agreed between the ministry of. 
education and each university, assessed 2 | 
posteriori; emulation", a soft word for: 
*competition" in which each university . 
must attempt to emulate the best elsewhere; | 
‘and quality, ‘‘the condition of success in. 
scientific competition... and world: 
technology, which greatly depends on the 
success of our universities and scientists". 
On this success the French people depend. © 
And the President depends on СМЕО to 
help increase the quality of the-univer 
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sities "and therefore the chances for 
France”. 

M. Laurent Schwartz, like M. Tézenas 
du Montcel an old critic of the French 
universities, is presiding over CNEU, but 
had raised himself from his sick-bed to 
deliver his opening address last Friday. He 
pronounced himself ‘‘sensible to the solem- 
nity’’ that the French President was giving 
to the installation of his committee, and 
promised to make of CNEU “ап instru- 
ment fundamental to the success of the 
French universities”. 

According to Schwartz, French univer- 
sities have been subjected until now to lit- 
tle real objective evaluation, either inter- 
nally like the US universities, or external- 
ly, like the British. In France, there has 
been only piecemeal evaluation by the 
research councils, or by the national univer- 
sity promotions committee (the Conseil 
Scientifique des Universités). CNEU would 
introduce global evaluation, something 
“much more ambitious’’. 

“The question is to make known to each 
establishment, to the minister of education 
and to public opinion how the universities 
are doing branch by branch and globally.” 
The better a university does in its evalua- 
tion, the more autonomous it should ex- 
pect to become. CNEU would not distri- 
bute money directly, as that might result, 
in the long term, m ‘‘equipartition’’. 

The regulations defining СМЕО give ıt 
an ''entirely new” freedom of movement, 
said Schwartz. It will have ‘‘absolute in- 
dependence". Many organizations in 
France are governed by strict rules penned 
out in minute detail. But ‘‘the decree that 
establishes our committee leaves us on the 
contrary complete freedom to evaluate as 
we wish". If only, dreamed Schwartz, this 
atmosphere of confidence and liberty could 
extend to other organizations — such as the 
universities themselves. 

“Ме must combat taboos and cor- 
poratism", said Schwartz. ‘‘We must 
understand and make understood: that 
demands courage and objectivity. We will 
force ourselves to have them. The grandeur 
of our task is impressive but 1s also 
fascinating." 

The 15 members of CNEU will not carry 
out all the evaluations, but will appoint 
outside independent experts, said Schwartz. 
CNEU will use international experts as 
much as possible ‘‘as is done throughout 
the world". CNEU will not evaluate in- 
dividuals, but will work at the level of 
groups and above. It will consider both 
research and teaching together, ‘ог to 
separate research and teaching would kill 
both". 

“СМЕО will not behave like a police- 
тап” said Schwartz. ‘‘Evaluation is totally 
contrary to Napoleonic control. We shall 
not be checking that the universities follow 
all the rules. On the contrary, we shall see 
if the universities can innovate, if they can 
launch audacious projects: we shall support 
initiative and not conformism of retreat." 

Robert Walgate 
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Japan in space 


David keeps Goliath guessing 


Tokyo 
THERE seems no limit to the ambitions of 
Japan’s Institute of Space and Astro- 
nautical Science (ISAS), the tiny academic 
cousin of the government-run giant Na- 
tional Space Development Agency 
(NASDA). Despite a shoestring budget and 
home-grown solid-fuel rocket technology, 
the agency is determined that Japan should 
be the third country to send a satellite to 
the Moon. 

ISAS has Just revealed that it is drafting 
a detailed programme to launch Japan’s 
first Moon observation satellite in fiscal 
year 1989. Under the plan, a satellite will 
be placed in Earth orbit and, after a day 
for accurate orbital alignment, will be 
blasted off for the Moon by a “Кіск 
motor’’. On its first pass, the satellite will 
be slung past the lunar surface at an 
altitude of about 6,000 km, one month later 
reaching an apogee of well over 1 million 





km. Thereafter, it will be catapulted back 
towards the Earth-Moon system and, after 
a second ‘‘near miss" of the Moon, will 
enter a highly eccentric Earth orbit stretch- 
ing across the Moon's path. Two months 
and four Earth orbits later, the satellite will 
then whip off on another two-month loop 
around the Moon, or so the theory goes, 
but according to ISAS's “gunnery lieute- 
nant” Hiroki Matsuo, professor of orbital 
dynamics, much more detailed calculations 
will be required before he can predict 
exactly where Japan's first Moon shot will 
end up. 

Given ISAS's resources, it is a wonder 
that this organization can even contemplate 
a lunar mission. Japan is unique in having 
two space organizations, each equipped 
with its own satellites, rockets and launch 
sites. The larger NASDA, affiliated to the 
Science and Technology Agency, is in 
charge of the development of applications 
satellites and their launch vehicles, while 
ISAS, affiliated to the Ministry of Educa- 
tion, Culture and Science and operating on 
a fraction of NASDA's budget, carries out 
research and development of scientific 
satellites and launch vehicles. NASDA uses 











liquid fuel rocket technology developed 
almost entirely under US licence but ISAS 
has its own ''home-made" solid fuel 
launchers. 

In the 1960s, when ISAS was part of 
Tokyo University rather than a national in- 
stitute, the Japanese government asked the 
institute to limit the size of its rockets, to 
avoid competition with NASDA and to 
prevent the academic organization getting 
too big for its boots or so it said. By the 
early 1970s, ISAS had already reached the 
1.41-т limit on the tail diameter of its 
rockets, since when its MU-series rockets 
have been getting taller and taller but no 
wider, at least at the base. With the Moon 
shot, however, ISAS is reaching the limits 
of ingenuity in what it can do with its pre- 
sent launchers. 

To kick the lunar probe out of Earth or- 
bit and off to the Moon, ISAS plans to add 
а 500-kg fourth stage to the MU-3SII used 
in the successful launching of the Halley's 
comet test satellite, Sakigake (see Nature 
17 January, p.175). Add to this the 170-180 
kg weight of the satellite and the payload 
capabilities of MU-3SII will be stretched to 
:he full, whence ISAS's cunning plan makes 
gravity do most of the work. Launch dates 
and total budgets for the programme have 
not yet been agreed but Y160 million ($0.6 
million) has been approved for systems 
design in the current fiscal year. 

Unlike previous programmes, the lunar 
programme, codenamed MUSES (MU 
Space Engineering Satellite), is aimed 
largely at engineering studies of control of 
the speed and orbit of the satellite and, 
according to Professor Matsuo, no 
scientific instruments will be carried on the 
first satellite, MUSES-A. However, a pos- 
sible successor, MUSES-B, may carry a 
scientific package to be dropped to the 
lunar surface. 

But the big question in the minds of the 
institute's members is what more can be 
done with present launch facilities. Among 
the projects under consideration are a solar 
physies project for observations of solar 
flares that would, ideally, be carried out at 
the next solar maximum in 1991, but which 
would clash with a plan, in conjunction 
with the US National Aeronautics and 
Space Administration, to launch a satellite 
from the space shuttle which would follow 
a similar profile to MUSES-A. So the solar 
physics project will probably be scheduled 
for 1992. 

Also under consideration is a project to 
examine diffuse X rays following on the 
successful series of X-ray satellites, while 
the institute also has more grandiose 
ambitions to send satellites to the planets 
which would be beyond the capabilities of 
MU-3SII. Using NASDA launchers would 
help, but NASDA has its hands full while 
ISAS cherishes its 1ndependence. 

David Swinbanks 
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French research 


NEWS 


End to growth in sight? 


MORE ıs not enough for the French na- 
tional research council, CNRS (Centre Na- 
tional de la Recherche Scientifique). 
Despite a real increase in its spending since 
1981 of over 35 per cent, a figure only to 
be dreamed of on the other side of the 
English Channel, CNRS is pressing the 
ministry of research for a further increase 
this year. And that increase should be dou- 
ble last year's, at least in support for 
laboratory equipment and materials, and 
approach a real 10-12 per cent annually for 
the next three years, CNRS director-general 
Pierre Papon is claiming. 

But research minister Hubert Curien, 
whose new three-year plan for the future 
of French science is now before the prime 
minister Laurent Fabius, has warned 
CNRS that it may have to be content with 
what it has. And with the French govern- 
ment facing a possible trade deficit this year 
as opposed to a planned surplus, and 
Fabius refusing to win votes in next year's 
parliamentary elections with a spending 
spree, Curien may well be right. 

Papon, however, says this may mean 
cuts in the CNRS 5-7 year plan announc- 
ed recently (see Nature 2 May, p.5), in 
which 20 research areas were selected for 
special effort. That plan itself required 
some hard choices, claims Papon, and to 
develop it requires the re-equipment of 
some laboratories, particularly 1n mini- 
computing and other ‘‘middleweight’’ 
expenditure. 

But has the period of plenty at CNRS, 
which amounted to an average real increase 
of 5.5 per cent a year in total budget for 
the five years 1981-85, not left the 
organization sitting pretty, with cash to 
spare? Not according to some outside ob- 
servers, who judge that President Mitter- 
rand's policy of ''solving the economic 


CNRS spending 


Over the period 1981-95 inclusive, the spen- 
ding of the French CNRS (which supports 
10,000 of its own scientists, 25,000 
engineers and technicians, and many more 
scientists by means of grants at universities) 
is estimated to have increased (in real terms) 
at average annual rates of: 

ө 2.9 per cent in nuclear and particle 
physics (excluding international subscrip- 
tions). 

€ 5.4 per cent in other basic physics and 
mathematics. 

ө 8.4 per cent in physics for engineering. 
€ 5.1 per cent in chemistry. 

€ 4.1 per cent in Earth sciences and 
astronomy. 

€ 6.0 per cent in life sciences. 

€ 6.0 per cent in social science and 
humanities. 

€ 14.5 per cent in interdisciplinary 
programmes. m 

















crisis" by spending on science and 
technology has left basic science, the fields 


mostly supported by CNRS, protected , 


from cuts, but not truly expanded. The 5.5 
per cent ''real" increase against French 
domestic inflation has been swallowed up 
by a falling French franc against harder 
currencies in which most scientific equip- 
ment and materials must be bought (typi- 
cally dollars, marks and Swiss francs). 
Nevertheless, CNRS is attempting to 
share equipment costs, and technicians, by 
creating ‘‘federated institutes” around well- 
instrumented laboratories, linking three to 
five existing groups around genuine joint 
research objectives. This will have the dou- 
ble advantage of reducing costs and of uni- 
fying an often fragmented French research 
effort. But still “money is the big problem" 
Papon says, thus shedding a disturbing 
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light on those research councils elsewhere 
whose budgets have remained fixed if not 
falling. 

Innovations other than more money that 
CNRS would like to see in the new plan, 
which should go before parliament in 
July, include an increase in the number of 
studentships for people studying for one of 
the new PhD degrees, more incentives to 
mobility of scientists, and the establishment 
of more CNRS-linked laboratories in the 
grandes écoles, the élite engineering schools 
which tap the best talent emerging from 
French secondary education. 

Although these schools produce some 
12,000 engineers a year, only 5-7 per cent 
go on to do a PhD (or the previous 
equivalent, ‘‘third cycle" diplomas), accor- 
ding to CNRS figures. This lack of scien- 
tific training is a ‘‘real handicap" for 
French industry (of which the graduates of 
the grandes écoles often become leaders), 
according to Papon. 

Robert Walgate 





Charitable foundations 


Wellcome Trust plans asset sale 


THE British medical charity the Wellcome 
Trust, whose only substantial asset consists 
of 100 per cent of the shares in the 
Wellcome Foundation, the successful phar- 
maceutical manufacturer, is planning to in- 
crease its income and diversify the source 
from which money flows by disposing of 
a fifth of its holding in the company. 

The immediate attraction of the propos- 
ed share sale is that the trust could expect 
to realize a substantial sum of money from 
the sale which, invested in high-yielding 
securities, might even double its income, 
which is estimated to amount to £23 million 
during the present year. During 1984, the 
Wellcome Foundation earned a profit 
(after tax) of £48.6 million on a turnover 
of £806 million. 

The share prices of comparable com- 
panies, such as Glaxo, are at present not 
very different from 20 times the net earn- 
ings per share, which would value the 
Wellcome Foundation at something like 
£1,000 million. 

A statement put out by the trust earlier 
this week emphasizes, however, that divers- 
ification is also a large part of the trustees’ 
motives in disposing of part of their 
shareholding. The trust says that the 
trustees have ''for some time been concern- 
ed about the wisdom of having all their eggs 
in one basket’’. But the statement also says 
that after the disposal of 20 per cent of the 
shares, the trust will not sell further shares 
for at least two years, and that it will not 
allow its shareholding to fall below 50 per 
cent. 

The chances are that the new arrange- 
ment will also benefit the foundation, 
whose attempts to behave as a thoroughly 
commercial organization have always been 
cramped by the relationship with the trust. 
The relationship has, among other things, 











prevented the company from rewarding its 
senior employees by means of share options 
and from growing more quickly by the ac- 
quisition of other companies in return for 
its own stock. The second constraint will 
remain so long as the trust retains a con- 
trolling interest. 

The relationship between the trust (which 
is technically a charitable foundation) and 
the foundation (which is a commercial 
company) derives from the will of Sir 
Henry Wellcome, who died in 1936 leav- 
ing to the trust which he created the sole 
ownership of the company, originally Bur- 
roughs Wellcome Ltd. The company was 
renamed the Wellcome Foundation in 
1926. 

Over the years the relationship between 
the trust and the foundation has been 
curiously ambivalent. Each has been 
jealous of its independence from the other, 
with the company repeatedly in difficulties 
in explaining to its dependent charity why 
its annual share of the commercial profit 
has to be substantially less than 100 per 
cent. (In 1984, the trust received £17 million 
of the total profit of £48 million, most of 
this by way of payments under deeds of 
covenant allowing the company to 
economize in tax payments.) 

Even so, the trust is now the largest of 
the private foundations in the United 
Kingdom. 

In a quite separate development, Sir 
John Vane, research director at the 
Wellcome Foundation for the past eleven 
years, announced last week that he is to 
leave the company so as to devote himself 
to his scientific interests. Vane, who was 
awarded the Nobel prize for his account of 
the mechanism of action of aspirin, said 
last week that he has no immediate plan to 
do something else. я п 
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UK agricultural research 


NEWS 


Penury brings radical reappraisal 


ADVERSITY (mostly financial) has persuad- 
ed the most threatened of the British 
research councils, the Agricultural and 
Food Research Council (AFRC), to can- 
vass a radical plan of reorganization. One 
proposal would reduce the number of 
separate institutes from about twenty (with 
seven separate Scottish research institutes) 
to pethaps half that number. 

It is also proposed that there should be 
a management board for agricultural 
research to which would belong research 
council officials and a representative of the 
Department of Agriculture and Fisheries, 
Scotland, as well as the ‘‘ten or fewer" in- 
stitute directors. Ў 

The discussion document, A long-term 
view, says that the number of research in- 
stitutes would be reduced ‘‘by successive 
amalgamation and restructuring", and that 
wherever possible institutes will be sited on 
or near a university campus. Under such 
a regime, institute directors would have a 
greater degree of independence in the direc- 
tion of management of the research for 
which they were responsible. The document 
suggests that it should be possible, within 
such a framework, to give research groups 


‘more flexibility, by specifying ‘‘the ques- 


tions to be answered rather than the areas 
of science to be studied’’. 

Part of the council's management pro- 
blem is that many of the research institutes 
for which it is the chief source of financial 
support are not formally directly under its 
control, but are historically independently 
constituted. The Rothamsted Experimen- 
tal Station is one of these. Thus, in the 
discussion document, AFRC suggests that 
people whose salaries it pays should in 
future be its own employees, which would 
entail both a change of status and, for some 
people, a greater degree of insecurity. No 
doubt the council would benefit through 
the greater freedom it would have to move 
people from one place to another. 

The discussion document says little about 
its immediate origin, the proposed reduc- 
tion of funds for research commissioned by 
the Ministry of Agriculture, Fisheries and 
Food of £10 million in the current finan- 
cial year and twice as much during 1986-87. 
The question is to be considered by the 
priorities board for research in agriculture 
at a meeting later in the summer, but it ap- 
pears that there, is very little prospect of 
relief from the Treasury edict that these 
substantial sums of inoney should be lop- 
ped from what has become, in effect, part 
of the council’s budget. ^. 

Among the other proposals put forward 
in the discussion document is thé sugges- 
tion that the need to avoid duplication of 


research effort within Europe may makcit, 


necessary for the council to withdraw from 
some fields of research. . 

But the council is plainly also hoping that 
it would win research support from 








elsewhere for some of the research that it 


carries out at present. The document also 


repeats the council’s expressed intention, 
during the past several years, of increasing 
its income from research contracts with 
private industry as well as from other 
government departments: than those 
responsible for agriculture. 

On people, the council promises to con- 
sult trades unions on the reorganization 
outlined in the document, and says that it 
acknowledges the need that creative scien- 
tists should have a secure environment in 
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which to work. But it also says that it needs 
to plan for change, for which reason it will 
continue to recruit many of its staff on 
short-term contracts. 

Flying a more adventurous kite, the 
council says that part of its case for con- 
tinued existence is that AFRC is responsi- 
ble for the ‘‘largest non-medical biological 
research capability” in Britain, which will 
be widely taken as a reference to the fond- 
ness of Sir Ralph Riley, the recently-retired 
secretary of the council, for the creation of 
a new research council with responsibility 
for basic biological research, medical and 
non-medical. 

Comments on the discussion paper are 
invited by 15 July. 0 





Tumour necrosis factor 


Drug agency jumps TNF gun 


Washington 

IN an unusual move, the US Food and 
Drug Administration (FDA) has allowed 
human tumour necrosis factor (TNF) pro- 
duced by recombinant DNA technology to 
be given to a cancer patient. FDA had 
previously maintained that there are insuf- 
ficient animal data on the effects of TNF 
to approve clinical trials, but it has now 
allowed Dr Herbert Oettgen of Memorial 
Sloan-Kettering Cancer Center in New 
York to treat a gravely ill patient with TNF 
manufactured by the Asahi Chemical In- 
dustry company of Japan. 

In the normal course of events, FDA 
grants a so-called Investigational New Drug 
exemption — permission to enter clinical 
trials of a putative therapy — only when 
there are sufficient data to provide a 
reasonable expectation that the therapy will 
be safe and effective. FDA allowed a com- 
passionate exemption for the Sloan- 
Kettering patient on condition that Sloan- 
Kettering's institutional review board ac- 
cepts full responsibility for the case, since 
FDA had no prior information on the TNF 
used, and the data submitted with the com- 
passionate exemption request covered 
only basic safety requirements such as 
pyrogenicity and sterility. 

FDA itself appears to be confused about 
the exemption. Even after granting Sloan- 
Kettering permission to use TNF on its pa- 
tient, FDA officials were insisting that the 
substance was not being used on patients 
in the United States. 

The Sloan-Kettering patient is said to be 
a member of the staff of the institution. 
The request to FDA for a compassionate 
exemption was approved unanimously by 
over 30 members of Sloan-Kettering's in- 
stitutional review board on 9 April; accor- 
ding to Dr John Lewis, chairman of the 
board, FDA was provided with a treatment 
protocol, a detailed clinical assessment of 
the patient's condition and ‘‘voluminous”’ 
information about TNF. 

"Dr Doris Hutchison, head of the in- 
stitute's investigational drug committee, 
said that FDA's bureau of biologics had 








been ‘‘very co-operative” in dealing with 
the request. 

FDA not infrequently grants Investiga- 
tional New Drug exemptions on compas- 
sionate grounds when the relevant animal 
data have been submitted for FDA's con- 
sideration but are held up in the 
bureaucratic pipeline. Patients with ac- 
quired immune deficiency syndrome 
(AIDS) have been treated under compas- 
sionate exemptions with drugs approved 
for other conditions, for example. Com- 
passionate exemptions have also been 
granted for trials on seriously ill patients 
who fall just outside the age range specified 
in the protocol for a clinical trial. It is, how- 
ever, less common for FDA to approve 
what amounts to a clinical experiment when 
the data are as fragmentary as they are for 
recombinant human TNF. Some authorities 
on medical ethics speculate that FDA might 
feel justified in making an exception if the 
patient concerned has a sophisticated 
understanding of the risks and benefits of 
the treatment. 

Dr Lloyd Olds, associate director of 
scientific development at Sloan-Kettering, 
is one of the original researchers on TNF, 
first produced from mouse serum. Dr Olds 
is being supplied with genetically engineer- 
ed human TNF for research purposes by 
Genentech Inc. 

Although this material is being used on- 
ly for animal and zn vitro studies, accor- 
ding to Genentech, Asahi's TNF is 
undergoing clinical trials in Japan. After 
the publication of scientific reports detail- 
ing the cloning and expression of the 
human TNF gene (Nature 312, 721 and 
724; 1984 and 313, 803; 1985), researchers 
at Genentech and Asahi were deluged with 
enquiries from anxious cancer sufferers and 
their families about where TNF could be 
obtained. 

It is still unclear how soon organized 
clinical trials of TNF will start in the United 
States, or whether the Sloan Kettering case 
will serve as a precedent for future com- 
passionate exemptions in similar cases. 

Tim Beardsley 
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Halley's comet 
in ancient times 


SIR — In his comment on the Babylonian 
observations of Halley's comet!, C.B.F. 
Walker states that in Mesopotamia 
**almost all the early texts are concerned 
with astrology rather than astronomy" ?. 
Walker continues by noting that the 
earliest astronomical observations known 
to Ptolemy in circa AD 150 dated ‘‘from the 
time of the Babylonian king Nabonassar 
(747—734 вс)”. Both these points deserve 
comment. 

First, although doubts have been 
expressed as to the link between astrology 
and astronomy in Babylonian times (for 
example, ref. 3), there is no firm evidence 
that the powerful temple priests of 
Mesopotamia made any distinction 
between what we call by the separate names 
of “astrology” and ‘‘astronomy’’: facility 
in expounding the former necessitated skill 
in understanding the latter. 

Second, Sawyer and Stephenson showed 
in 1970 (a hypothesis confirmed by Muller 
and Stephenson in 1975)“ that what was in 
all likelihood a total solar eclipse was 
observed during daytime at Ugarit on 3 
May 1375 BC. It seems fair to assume 
(although the details were not known to 
Ptolemy in AD 150 and are still not known 
fully to us now) that astronomical 
observations took place in and around 
Mesopotamia for a considerable period of 
time before 747 BC. 

MARTIN PULBROOK 
Department of Ancient Classics, 
St Patrick's College, 
Maynooth, Co. Kildare, Ireland 
Stephenson, Е R , Yau, KK C & Hunger, H Nature 314, 
587 (1985) 
Nature 314, 576 (1985. 
Clagett, M. Greek Science in Antiquity, 11 (Books for 
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Embryo research 


SiR — Professor J.A. Davis (Nature 25 
April, p.666) wonders whether a *'legally 
or morally valid distinction” can be made 
between negatively interfering to stop a 
natural process, for example by procuring 
the abortion of a fetus in utero, and simp- 
ly refraining from ‘‘positive intervention re- 
quired for its survival’’, by not putting an 
egg fertilized in vitro into a woman, 
without which it must inevitably die. 

But there is at any rate a legal difference 
between intentionally killing someone and 
doing nothing to save him. You are under 
no legal obligation to rescue a drowning 
man, and if you feel morally obliged to 
jump in to help him that is a matter for 
your own conscience, and no concern of 
the law. But to push him in deliberately is 
certainly a criminal offence, and probably 
murder if he drowns. 

Professor Davis rightly understands that 
the argument in my last letter (Nature 14 








CORRESPONDENCE 


March, p.126) could not be used to justify 
aborting an embryo that had already 
started on its normal development m utero, 
but that it might allow experimentation 
with embryos generated in vitro which, un- 
doubtedly human as they are, cannot of 
themselves realize their potential for fur- 
ther development without some positive act 
of intervention from outside. 

The Warnock Committee (Report, para. 
11.22) proposed a limit of 14 days for keep- 
ing an embryo alive in vitro (otherwise than 
frozen), whether or not is was used for ex- 
perimental work, and nobody seems to 
have suggested that this should be much ex- 
tended. But it should be noted that ex- 
periments with living fetuses that have been 
legally aborted before the age of viability, 
that is to say up to something over 20 weeks 
gestation age, are not prohibited under 
English law. These are by definition doom- 
ed to die but they can be kept alive for at 
least several hours, and considerable 
publicity was given some years ago to at- 
tempts at Cambridge to develop an ar- 
tificial placenta, using a human fetus which 
from press photographs appeared to be of 
16-18 weeks gestation age. Although the 
Warnock Report (p.64) has suggested that 
the law ought to be reconsidered in this 
respect, such work is at present still quite 
legal, even if it is not for the squeamish. 

C.B. GOODHART 
University Department of Zoology, 
Downing Street, 
Cambridge CB2 3EJ, UK 


Artificial hearts 


SIR — Your leading article ‘‘Hearts in the 
wrong place" (Nature 21 March, p.206) 
classifies you among the modern legal lud- 
dites, glorifying form over substance and 
accepting the idea that the lawyer- 
regulators know best, regardless of the con- 
sequences of their actions. 

You admit that Dr Copeland's patient 
would clearly have died without the use of 
the artificial heart. In the light of this, 
neither the patient nor the patient's family 
was harmed by the heart's insertion and im- 
portant information was obtained which 
may well allow the effective use of such 
hearts or improved models in the future. 

There was also the possibility, albeit 
remote, that the artificial heart might have 
preserved the patient's life for a long 
enough time to allow for a successful im- 
plantation of a new human heart. 

Thus the only potential results of the use 
of the heart were beneficial, even your 
editorial writer being unable to discover 
anyone who had been harmed. The use of 
available technology in such situations 
should be encouraged and not barred. In 
view of the admitted benefits and lack of 
harm to anyone, Dr Copeland deserves 
commendation not condemnation. 
School of Law, JAMES B. BOSKEY 
Seton Hall University, 

1111 Raymond Boulevard, 
Newark, New Jersey 07102, USA 
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Value-free science 


Str — Mark Diesendorf (Nature 10 
January, p.92) questions the notion of 
value-free science, which I discuss in my 
letter of 27 September 1984 (p.294). 
Unfortunately, his comments suffer from 
the very confusion of categories that I tried 
to clarify. Sincethis error has marred much 
of the discussion of the subject, and since 
my explanation was excessively brief, it 
seems worthwhile to consider further what 
we mean by *'science'' and by ‘‘value-free’’ 
or ‘‘objective’’. 

The word *'science" is ordinarily used to 
refer to three things: a methodology, a 
resulting body of knowledge and the 
ensemble of activities of those who 
professionally use that methodology. The 
methodology has evolved a set of canons, 
and a social framework, designed to ensure 
maximal objectivity and reliability of the 
resulting knowledge. On the other hand, 
the activities of scientists are indeed filled 
with subjective value judgments: by the 
individual (what problem to work on, how 
to approach it, how to present the results), 
and also by social organizations (what to 
support, what to accept for publication, 
how to translate scientific knowledge into 
technological practice). But despite this 
subjective element, if the science is honest 
the practitioner must try to make its 
content — the data and the logical 
inferences drawn from them — as objective 
asis humanly possible. He may not succeed 
perfectly, but at least he should not 
deliberately inject ideological or other 
biases. 

Diesendorf further calls attention to 
such presumbably value-laden terms as 
‘fashionable’ and ''confusion" in my 
letter. I would suggest that these terms are 
actually capable of being objectively 
assessed. But more fundamentally, value- 
laden terms would not be out of place. For 
discussions of the nature of science 
constitute still another category, to be 
distinguished from the three noted above: 
they are metascience, presenting 
philosophical judgments rather than 
objective knowledge. 

Finally, I agree with Diesendorf that 
problems involving social value judgments 
should not be treated as though they were 
purely technological, and his example of 
planning how to generate electricity fits. 
But I believe he errs in similarly 
categorizing the risk of fallout from 
nuclear weapons. It is a technical question, 
whose answer then becomes part of the 
broader question of what to do about these 
weapons. With the growth of technological 
innovation we face an increasing number 
of such questions (for example, the dangers 
of biotechnology), and we impair our 
analysis if we do not try to separate their 
technical from their social aspects. 

BERNARD D. DAVIS 
Bacterial Physiology Unit, 
Harvard Medical School, 
Boston, Massachusetts 02115, USA 
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you have a particle or a field of some 
kind whose interaction with material ob- 
jects. varies with their constitution, the 
‘hances are that you will be able to fashion 
microscope from the phenomenon. That 
iruth-is nicely illustrated by the versatility 
microscopy based on the electromagnetic 
ields: corresponding to optically visible 
radiation. Contrast between different 
: elements of an object can depend on reflec- 
: tance, on absorption during transmittance 
“through a thin section, on rotation of the 
< plane of polarization or on variations of 
¿refractive index, as in phase-contrast 
microscopy. The texture of an image is 
etermined by the contrast, but a useful 
microscope also requires a means of 
magnification equivalent to the lenses of 
the familiar microscope. Two new devel- 
“opments this week suggest that people's 
ingenuity is far from exhausted. 
. The report by a group of Spanish 
. molecular biologists and Switzerland-based 
- IBM researchers on p. 253 of this issue is 
an application to a biological problem 
of a technique of microscopy previously 
üsed for the measurement of the surface 
structure of semiconductor materials and 
others used in the construction of electronic 
devices, and which may itself be the only 
application to microscopy of a strictly 
quantum phenomenon. Electrons, the 
textbooks say, will tunnel through a poten- 
tial barrier if there is a state of identical 
energy for them then to attain. What is call- 
ed the scanning tunnelling microscope is for 
practical purposes a device for arranging 
that the tip of a fine electrode will physical- 
“ly follow the profile of a surface at a 
distance of 10 ángstroms or less. 
In the usual application to the measure- 
ment of the profiles of semiconductor sur- 
“faces, the voltage between the electrode and 
„Ше semiconductor is maintained at a value 
sufficient to promote an electron from the 

























filled valence band to one of the energy | 


states of the largely unfilled conduction 
Бапа (usually a mere fraction of a volt), but 
“which is less than the work function of the 
material of which the electrode tip is made, 
гапа which then serves as the potential bar- 
пег. The electrode tip can then be made to 
"follow the surface profile by means of cir- 
*cuitry, including a piezo-electric crystal, 
designed to keep the tunnelling current con- 
stant, and at a value which may be no more 
‘than a few nano-amperes. For all the 
world, the device is the electronic analogue 
fthe engineering. devices for measuring 









ice by. ampli- 








fying electro-mechanically or otherwise the 
displacements perpendicular to the surface 
of a small ballbearing that is rolled along 
in contact with it. 

The sensitivity of the quantum tunnell- 
ing effect is vividly illustrated by the way 
in which Ваго ег al. show a series of pro- 
files along a surface of pyrolitic graphite 
which indicate a step-like structure cor- 
responding to the abrupt termination of a 
couple of layers of the carbon atoms ac- 
counting for less than 7 ángstroms of 
thickness. 


Indeed, the resolution of the microscope | 


is reckoned to be of the order of 1 
angstrom perpendicular to the surface and 
between 5 and 10 Angstroms laterally. 
Baro ег al. explain clearly enough how they 
have been able to correlate the known 
shapes (from electron microscopy) of bits 
and pieces of the bacteriophage $29 dried 
on a graphite surface with the measured 
tunnel profiles, but their promised account 
of the mechanism of conduction through 
these biological molecules could be of great 
interest In its own right. Their technical 


achievement, however, is to have made the 


microscope work in air at ordinary 
pressure, which should make this type of 
instrument more versatile even in the 
measurement of semiconductor surfaces. 

The other new development is the first 
realistic account of a neutron microscope, 


|a goal long advocated by the Soviet 


physicist I.M. Frank but now realized by 
a group at the Technical University of 
Munich and the Laue-Langevin Institute at 
Grenoble (Herrmann, P. et a/. Phys. Rev. 
Lett. 54, 1969; 1985). This microscope uses 
“‘ultra-cold’” neutrons from the source at 
Grenoble, while the microscope itself con- 
sists of a pair of mirrors — a large 
parabolic mirror 20 cm in diameter and a 
smaller (5 cm) mirror which is convex and 
spherical. 

Ultra-cold neutrons are neutrons mov- 
ing very slowly, some 6 metres a second in 
this case. Their interest for would-be 
neutron microscopists is that they can be 
reflected from suitable surfaces as if they 
were photons, which is a simple conse- 
quence of the circumstance that, at speeds 
like this, their wavelength is greater than 
the internuclear spacing in materials such 
as nickel-58 (used for coating the ‘‘optical”’ 
elements in the Munich design). 

The snag is that the trajectories of 
neutrons moving so slowly will be affected 
by gravity, which is why the two mirrors 


are arranged in a vertical direction, with the 


New ways with microscopes 


The range of the phenomena usable in the construction of microscopes continues to increase. 
Neutrons, for example, are now being used in place of photons. 





| into different detectors would allow almost 
! instantaneous observations. 







secondary mirror above the primary (and 
each of them fixed in a horizontal plane 
with a precision of 10 4 radians). Even 50, 
neutrons moving vertically. will be 
decelerated, so that neutrons starting о 
with slightly different speeds will, left: 
themselves, come to a focus at different 
points, which is the equivalent in this field 
of what those who design optical in- 
Struments know as chromatic aberration 

It turns out that the chromatic абегга= 
tions of the two mirrors will cancel out only 
if the neutrons reflected from the parabolic 
mirror. are allowed to reach the peak of 
their trajectory, at a height of 2 metres ог. 
so, and then allowed to fall back onto the 
secondary mirror, whose reflecting convex: 
sarface must therefore point upwards, like 
the larger primary. 

The system has been designed to yield. 
magnification of 50, with the object pla 
ed near the optical focus of the parabol 
mirror. The image is formed after refle 
tion from the secondary mirror some 1: 
metres above the primary, whence neutrons 
are reflected sideways (and downwards, so. 
that they can pick up a little speed) into a. 
neutron detector, which simply counts the 
numbers arriving. Herrmann et al. say that: 
a suitably faceted mirror deflectin 
neutrons from different parts of the field: 









































































So far, they have only the most Hore 
drum observation to report, that of the pro- 
file of the neutron intensity across a slit: 
placed in the object plane. The measured 
resolution of this neutron microscope is 0:1 
mim, but that, the authors say, is determin- 
ed by the counting errors with the low- 
irtensity source of ultra-cold neutrons now: 
available. (Grenoble plans 100 times as 
much intensity soon.) Aberration with the 
present arrangement should limit resolution 
to about 0.02 mm, but preselection of the 
velocity of the neutrons should allow that. 
to be reduced. 

But to what end? The authors' dream is 
that the reasons and techniques that have’ 
made the scattering of thermal neutrons à 
powerful means of telling the distribution 
of hydrogen in matter of all kinds can Б 
translated simply into neutron microscopy. 
But one guesses that a large part of their 
motivation must be a little like the familiar 
reason for climbing Everest. Nobody else 
has made a neutron microscope function 
at a reasonable magnification, although : 
Frank's Soviet group is well on the way 

John Madd 
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Quasi-crystals 





from Paul A. Heiney 


THE structure and properties of icosa- 
hedral ‘quasi-crystals’ were among the 
topics discussed at the recent meeting of the 
American Physical Society (Baltimore, 
25-29 March, 1985). Quasi-crystals seem to 
represent a new state of matter in which 
icosahedral point symmetry is combined 
with a modified form of translational 
order. The clue to their structure may lie 
in the properties of Penrose tilings of a 
plane (see ref. 1). 

Icosahedral ordering was first observed 
(D. Shechtman, National Bureau of Stan- 
dards) in rapidly quenched alloys of Al-Fe, 
Al-Mn, and Al-Cr (ref.2). Dendritic micro- 
crystals up to 2um in size show the sharp 
electron diffraction patterns more usually 
generated by crystals, but with icosahedral 
rotational symmetry (see figure). Elemen- 
tary geometry shows that icosahedral sym- 
metry is forbidden for crystalline solids. 
. The usual explanation of electron diffrac- 
tion peaks which are crystallographically 
disallowed involves multiple scattering 
from twinned microcrystallites, but in the 
present case, the twinning hypothesis ap- 
pears to be denied by both convergent- 
beam electron microscopy and dark-field 
imaging, which are consistent with local 
icosahedral symmetry on length scales as 
short as 200A. 

Much of the more recent work has cen- 
tred on optimizing conditions for the 
growth of large-grain pure samples in the 
Al-Mn system (R.J. Shaeffer, National 
Bureau of Standards and L. Bendersky, 
Johns Hopkins University). The icosa- 
hedral phase is produced either by quench- 
ing a stream of molten alloy on a rapidly 
spinning copper wheel or by sweeping an 
intense electron beam across the surface of 
the alloy. If the cooling rate is too great, 
there are fewer icosahedral grains and they 
are smaller; if it is too low, ordinary 
crystals of various Al-Mn compounds are 
formed. The stability of the icosahedral 
phase is enhanced by a small amount of Si. 
An unexpected new ‘T’ phase, formed at 
higher Mn concentrations, may be inter- 
mediate between the icosahedral phase and 
a normal crystal. 


tion measurements (P. Bancel, University 
of Pennsylvania) provide data for quan- 
titative 


dexing scheme with six Miller indices. It is 
"inferred that the positional correlation 
lengths of several hundred angstroms, ex- 
tracted from peak widths, are reduced by 
* defects which nevertheless allow orientation 
órder to be maintained across grains 
with dimensions of 1 um. High-resolution 
ransmission electron microscopy (К. 





High-resolution X-ray powder diffrac- | 


tests of various theories of | 
“icosahedral order. The X-ray diffraction | 
peaks are described by an icosahedral in- | 








NEWS AND VIEWS 


Respectable icosahedral symmetry 


Gronsky, Lawrence Berkeley Laboratory 
and L. Bursill, Arizona State University) 
shows details of the atomic structure. Im- 
ages formed from the electron diffraction 
patterns by optical Fourier transformation 
are remarkably similar to those produced 
by the quasi-crystal models now developed; 
5-fold atomic packing symmetry and de- 
fects such as dislocations and stacking 
faults are observed. 

In the best-known theoretical model? 
for these materials, two or more unit cells 
are packed with unequal spacings to form 
a ‘quasi-crystal’ without normal crystalline 
translational symmetry (P.J. Steinhardt, 
University of Pennsylvania). Quasi-crystals 
are much more highly ordered than glasses, 
but have special symmetries that are im- 
possible for crystals. Remarkably, although 
quasi-crystals are not periodic, a calcula- 
tion of the diffraction pattern predicts 
sharp spots, as with a crystal. In an alter- 


native approach* to icosahedral order, | 


capt А P x 
ч ё s> 5 24 ЪФ м) D 
High-resolution transmission electron micro- 
graph of 5-fold plane of quenched 6:1 Al-Mn. 
Bar, 2nm (courtesy R. Gronsky and L. Tanner). 











quasi-crystalline lattices can be generated > 


| by projections from higher dimensions (D. 


Gratias, CECM/CNRS); the icosahedral 
lattice is generated by projecting a six- 
dimensional hypercubic lattice onto three 
dimensions. This mathematically elegant 
approach allows a straightforward calcu- 
lation of X-ray diffraction intensities. 

In another approach”, based on Lan- 
dau's theory of the emergence of symmetry . 
during phase transitions such as solidifica- 
tion, the atomic structure is described as 
a set of mass density waves with adjustable 
magnitudes and phases. An icosahedral 
quasi-crystal is generated by six density. 
waves directed toward the vertices of an 
icosahedron. This method lends itself 
naturally to calculations of the structural 
stability, thermodynamics, elasticity and 
the occurence of defects in the icosahedral 
phase. A careful treatment of dislocations 
(D. Levine, University of Pennsylvania) 
reveals that these defects are considerably 
more complicated than their crystalline 
analogues; each dislocation requires two 
vectors, rather than one, to describe it fully. 

Conventional discussions of matter in the 
solid state which assume either crystallinity 
or almost total disorder are not easily appli- 
cable to quasi-crystals. Future research will 
address fundamental questions about the 
nature of vibrations, electron transport, 
mechanical strength, thermodynamic equi- 
librium and other properties of these new. 
materials. The immediate challenge for 
experimentalists is to produce larger, more : 
pure and better-characterized samples; and: 
for theorists, is to develop the mathema- 
tical tools needed to deal with this intrigu- 
ing new state of matter. Li 
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Cell motility 


Fast axonal transport dissected 


from Dennis Bray 


ANYONE interested in cell motility likes to 
see things move. Electron micrographs have 
their place, as do two-dimensional gels. But 
for innocent enjoyment nothing beats a 
working model. Myofibrils isolated from a 
muscle contract explosively when ATP is 
added; bundles of microtubules from a 
sperm flagellum propagate waves and swim 
around. Marvellous! And now the mach- 
inery driving yet another type of cell 
movement — that of particle transport in 
the cytoplasm — has been isolated. As 
shown on page 245 of this issue’, and in 








organism in which movement of orga 


several other recently published papers, all 
you really need is a membrane vesicle and 
a microtubule. 

For some time, it has been suspected that 
microtubules are involved in cytoplasmic 
transport. Membrane-bound organelles 
moving through a cell (see figure) are usually 
close to a microtubule, and drugs that 
disrupt microtubules often, but not always, 
paralyse these movements. Whole-cell 
studies of this kind have now been takento 
their logical extreme by the discovery of ar 
t 
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“Cultured chick embryo neurites show fast trans- . 


sport. of organelles, some of which are visible as 
"dense particles with phase-contrast optics. These 
“two micrographs show a typical neurite at an 
‘interval of 10 seconds; the arrows denote an 
organelle which has moved along the neurite. 


‘Scale bar, 15 um. (Courtesy of P. Hollenbeck.) | 


is. confined to a single microtubule’. 

The organism was discovered on the sides 

‘and bottom of a freshwater aquarium in 
Berkeley, California. Fortunately, whoever 
found it must have been something of a 
“naturalist, as they welcomed the intruder 
¿with a microscope rather than a scrubbing 
-brush. The organism was composed of 
"an enormously branched network of fine 
threads in which myriads of tiny, phase- 
‘dense particles streamed. Following a 
natural line of enquiry, the threads — 
subsequently identified as the giant 
freshwater amoeba Reticulomyxa — were 
examined in the electron microscope and 
found to resemble nothing so much as the 
thin processes of nerve cells. Like axons, 
each cytoplasmic thread contains aligned 
microtubules, and some are so thin that they 
contain but a single microtubule. 

Correlating their light- and electron- 
microscope observations, Koonce and 
Schliwa were able to show that the phase- 
dense organelles, most of which are mito- 
chondria, can move even in threads that 
contain only one microtubule?. Moreover, 
they can move in either direction, despite the 
fact that the microtubule is certain to have 
a distinct structural polarity. The authors 
conclude that explanations of organelle 
movement based on the beating of myosin 
crossbridges in muscle, or of the dynein side- 
arms in a cilium, both of which produce 

unidirectional forces, are not to be accom- 
modated wholesale. 

But any cell, no matter how attenuated, 
is still something of a black box. Three years 
ago, a far more accessible system was des- 
спібеа that allows the rapid transport of 

“vesicles to continue in the absence of an 
‘Outer cell. membrane). Axoplasm is ex- 
“truded from the giant axon of a squid and 
then examined by video-processed polariz- 
ation-based light microscopy. With this 
exciting and powerful method, it is possible 
to see swarms of tiny vesicles, 0.2 um or less 
in diameter, scurrying about their business 











i 
i 


in the axoplasm. If the axoplasm is spread 
even more thinly the vesicles can be seen 
moving along individual fine filaments, the 
nature of which forms the subject of two 
papers recently published in Ce//*5. 
Organelles ranging in size from mito- 
chondria down to the smallest vesicles all 
move along ‘transport filaments’ in the 
extruded axoplasm at steady rates of about 
2 um s`}, Unlike the movements in intact 
axons, large organelles travel as quickly as 
small ones, and the movements are 
smoothly continuous, lacking the saltatory, 
stop-and-go motion long considered the 
hall-mark of cytoplasmic particle transport. 
The difference, presumably, is that in the 


intact axon many organelles are obstructed | 


by other components of the cytoskeleton. 
Most importantly, the transport filaments, 
although no more than 25 nm in diameter, 
are clearly revealed by the high-technol- 
ogy light microscope to be microtubules. 
Treatment and examination of the filaments 
by immunofluorescence and by electron 
microscopy shows that they contain tubulin 


(and not actin) and that they have the | 
| moves. Addition of this extract enables not 


unmistakable substructure of microtubules. 

Given these observations, what experi- 
ment would you like to see performed next? 
If your answer is to test whether movement 
is regained when separated vesicles and 
microtubules are reconstituted, turn to the 
paper by Gilbert ef al. on page 245. Rather 
than try to separate microtubules from 
axoplasm, they used the ready-made parallel 
bundles of microtubules in the flagella of 
sea-urchin sperm. Freed of their outer mem- 
brane by detergent and dialysed against low- 
ionic strength solutions to remove most of 
their dynein side-arms, these readily avail- 
able bundles present smooth straight tracks 
of uniform (and known) polarity. Gilbert 
et al. show that vesicles recovered from the 





squid axon travel smoothly, rapidly, with- | 





Thunderstorms 


Wind shear and aviation safety 


from Edwin Kessler 


THAT aircraft should avoid thunderstorms 


is advice as old as flying itself. Although | 
airborne weather radar provides a means | 


of inflight evaluation of the weather, flight 
through echo-weak areas of thunderstorm 
complexes has led to several fatal and 


of the twelve such accidents between 1940 
and 1970 followed a catastrophe at sub- 
stantial altitude. With subsequent emphasis 
on the use of radar for avoiding storms, the 
incidence of accidents initiated at altitude 
declined remarkably. Since 1970, US air- 
craft have been involved in seven more fatal 
thunderstorm-related accidents, but five of 
these occurred during takeoff and landing 
and have been attributed to strong wind 
shears, mostly associated with thunder- 
storms near airports. There have also been 
other disturbing incidents during aircraft 


i accompany intense warm fronts’. 
highly publicized accidents. All but three | 
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| exciting: a soluble, heat-labile, trypsin- 


| totravel along microtubules. It even causes 





| fully to pilot inputs. Thus, during takeoffs 






out interruption and (as in both the giant. 
amoeba and isolated axoplasm) in either 
direction along these tracks. Because move- 
ments proceed in the absence of most of the 
dynein arms, and because they ignore the in- |. 
trinsic polarity of the ciliary axoneme, it is 
unlikely that the vesicles are moving by the 
same machinery that drives the cilium. More 
and more it seems that each organelle must 
have its own power source, like an outboard. 
motor, that can drive it in either direction: 
along a microtubule. The motor does not 
resemble that driving muscle contraction or 
ciliary beating; so what might it be? 

Close on the heels of all these studies: 
comes yet another instalment in the unfold- 
ing story. Vale and collegues® have now 
developed a reconstituted transport system 
in which the components are split not just 
two ways, but three. Membrane organelles © 
from squid axoplasm constitute one part, 
and isolated microtubules the second — in: 
this case purified from squid optic lobe 
tubulin. But the third component is the most ` 


























































sensitive extract without which nothing 
only organelles but also polystyrene beads 


the microtubules themselves to glide over the 
surface of a glass coverslip, looking like 
miniature snakes. Any speculation as to the 
nature of the mechanochemical protein in 
the soluble extract is clearly redundant; the. 
answers are surely already in the press. (1: 
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Dennis Bray is on sabbatical at the University of 
Otago Medical School, Dunedin, New Zealand. 


operations near terminals. The focus of 
research has accordingly shifted to the 
study of both thunderstorm downdrafts.- 
and outflows (downbursts) and of the 
strong variations of horizontal wind that- 





Whereas aircraft used to bounce around 
a lot in bad weather, like leaves in a storm, 
today's planes are more sensitive to larger- 
scale atmospheric phenomena. The typical 
1950s propeller-driven transport had a re- 
latively low wing loading: it flew about 300. 
m.p.h at altitude and about 100 m.p.h on * 
landing. The reciprocating engines 
responded within about 2 seconds to pilot 
inputs. Today's commercial transports fly 
at about 600 m.p.h at altitude and 150 
m.p.h at landing and takeoff, and their < 
engines take up to 7 seconds to respond 
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and landings, the 1950s aircraft would have 
flown about 300 feet before the engines 
responded; today's aircraft fly about 1,500 
feet. And today's runways, about 10,000 
feet long, twice the length required for a 
typical piston-engine aircraft, indicate the 
extended exposure of modern commercial 
aircraft to boundary-layer phenomena 
during takeoff and landing. 

The variation of wind divided by the dis- 
tance over which the variation occurs is the 
wind shear: mathematically, the shear is a 
tensor whose nine components correspond 
to the three orthogonal directions in which 
the wind variations can occur, combined 
with the three directions from which the 
wind can be blowing. The pilot is most in- 
terested in wind and its variations in the di- 
rections of flight, and in the vertical wind, 
because these produce the principal lift 
^. forces. Small-scale shears, termed turbu- 

lence, can produce discomfort, but if an 
aircraft enters a region of much reduced 
headwind during takeoff or during 
` approach to landing, loss of lift is a serious 
safety concern. This is exacerbated when 
a downdraft is encountered along with a 
sudden unfavourable change of horizontal 
wind speed. In a severe downdraft outflow, 
with wind variation around 20 m.p.h per 
1,000 feet, decline of headwind and down- 
draft can cause irreversible loss of altitude 
‘to the point of a crash. This is most likely 
during takeoff or landing when a thunder- 
storm is over or near the airfield, but can 





100 years ago 


Paradise Found. The Cradle of the Human Race 
at the North Pole. A Study of the Prehistoric 
World. By William F. Warren, S.T.D., LL.D., 
* (London: Sampson Low and Co.) 


ir has come to be an understood thing that 
when geologists or biologists propound theories 
as to past stages of life on the earth, and these 
theories attain to a certain popularity, some 
theologian shall twist the words of the Book of 
Genesis into a new interpretation, to show that 
this was what the inspired author meant all the 
time. A fresh musician has set Moses to dance 
to a new scientific tune. Since the publication of 
well-known modern views as to the diffusion of 
plants and animals from the Polar Region, it was 
to be expected that we should have a book pro- 
ving that man was created in an Arctic Paradise 
with the Tree of Life as the North Pole; and here 
the book is. Other ancient cosmologies, such as 
the Greek and Indian, are made to bear their not 
always willing testimony. The commendatory let- 
ters published from Professors Sayce, Tiele, and 
Whitney do not at all imply that these eminent 
‘scholars countenance the Polar Paradise doc- 
trine. The author seems to have sent them а 
paper on “Ancient Cosmology and Mythical 
Geography," their acknowledgements of which 
they are now perhaps hardly delighted to find 

гаѕ certificates in a "Paradise Found." 

From Nature 32 28, 14 May 1885. 








| Colorado, and at NOAA's National 
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also occur with solitary atmospheric waves. 

As a result of several incidents beginning | | 
in the late 1960s, the Federal Aviation 
Administration (FAA) issued a series of 
advisory circulars on the hazards of thunder- 
storms and wind shear, and developed new 
instrumentation for use at airports. Until 
the late 1970s, surface winds at air 
terminals were reported by a single centrally | 
located anemometer. Guidance from a 
single device is inadequate in the jet age, 
especially when winds vary by 50 m.p.h or 
more from one side of an airport to the 
other, and such variations can even occur 
in clear air and without local visual clues. 
In 1976, the FAA developed the Low Level 
Wind-shear Alert System — a system of | 
multiple anemometers with a display and 
alarm system that notifies the control tower 
Operator when any one of the anemometers 
indicates a wind speed different from the | 
centre field wind?. The efficacy of the | 
system is suggested by the fact that only one 
fatal accident (in July 1982 at New Orleans) 
has been attributed to wind shear in an air- 
field with the equipment. About 60 airfields 
now have the basic system, and there are 
plans for installation at 50 more. The in- 
stallations at Denver and New Orleans are | 
being upgraded by adding extra, more 
closely spaced anemometers. 

Substantial study continues to refine our 
knowledge of low-level wind-shear events, 
their individual and statistical characteris- | 
tics, climatology and predictability. Down- 
bursts and microbursts are being studied in | 
the Chicago area, at laboratories of the | 
National Center for Atmospheric Research | 
and the National Oceanic and Atmospheric 
Administration (NOAA) at Denver, | 


Severe Storms Laboratory at Norman, 
Oklahoma®’. Downdraft outflow pheno- 
mena are unusually frequent and intense at 
ground level in the Denver area. There they 
are often abetted by a layer of rather dry 
air on and near the ground, having a steep | 
lapse rate of temperature. Such a boundary | 
layer tends to amplify any thunderstorm or | 
shower downdraft, especially with the | 
strong evaporative cooling that accompanies | 
precipitation from scattered showers. | 
Findings from the Denver-based projects | 
JAWS (Joint Airport Weather Studies) and 
CLAWS (Classify, Locate and Avoid Wind 
Shear) have both theoretical and practical 
implications. Downdrafts strong enough to 
be classified as microbursts around Denver 
are often 0.5-1 mile in diameter, and 
typically last 5-15 minutes, although 
occasionally they develop significantly 
within one minute. The difference between 
peak winds on opposite sides of outflow on 
the ground at the time of maximum 
development is about 55 m.p.h. In 
summer, there is on average one microburst 
a day within 14 miles of Denver airport. 

Further work seek to develop cost-effec- 
tive systems, both for observing hazardous 
microbursts in appropriate detail and for 
communicating the information to pilots at 
the time of landing and taking off, so that 





Administration, Norman, Oklahom 73069, USA 


‚ accidents will be avoided and economies are 


achieved in the use of time and fuel. 

Observed atmospheric extremes are also. 
being programmed in flight simulators to 

evaluate aircraft control strategies for 

mitigating effects of extreme shear during 

unforeseen encounters. 

Other atmospheric phenomena hazardous 
to flights at low altitudes include solitary 
waves, strong vertical shear of the horizon- 
tal wind and vortices rotating around ver- 
tical axes along gust fronts. Solitary waves 
can retain significant intensity while pro- 
pagating for hundreds of miles in a stable: 
boundary layer; when the air is dry they” 
may be practically invisible, but under suit- 
ably moist conditions they are marked by 
a line of cloud that may have a deceptively 
innocuous appearance. They have been 
especially targeted for research in north- 
eastern Australia, where they are known as 
‘morning glories’ and are quite common 
before noon’. In the United States they 
sometimes develop from thunderstorm gust 
fronts that propagate in a stable air layer 
ahead of the originating disturbance’. 

Intense warm frontal shear — a variation 
of the horizontal wind with height — es- 
pecially when accompanied by poor visibil- 
ity in rain and fog, can cause a descending 
aircraft to land short of the runway — as 
happened on 17 December 1973 at Logan 
Airport, Boston'?. This outcome of. 
extreme conditions can usually be averted: 
by timely advice to the pilot on wind speed: 
and direction at different altitudes. Doppler · 
radars can provide this and other detailed: 
wind information routinely, at intervals of 
a few minutes!!! 

Future weather-surveillance systems for 
airports will probably include surface anem- 
ometers and Doppler radar, and possibly 
a lightning-locating system. It will be essen- 
tial to collect data at a central location and 
to process them there for communication 
to pilots. As technology advances, we can 
expect an improved match between timely 
displays of processed meteorological data, 
actual wind and weather, aircraft capa- 
bilities, and pilot performance. N 
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Potential challenge from glia 


| from А.К. Gardner-Medwin 


_ THE neurones in our brains are required, 


cas we all know, for the complex inform- | 


_ation-processing tasks of everyday life. 
-Roughly an equal amount of space in the 
brain, however, is devoted to glial cells, 
¿chiefly astrocytes and oligodendrocytes, 
whose functions are diverse and poorly 
understood. Glial cells offer many chal- 
lenges in understanding the overall func- 
“tion of nervous tissue, just one of which 
.is their intriguing electrophysiological 
behaviour. Several recent рарегѕ!°, in- 
cluding one on page 229 of this issue by 
“Bevan and Raff', show that glial cells in 
“culture sometimes have hitherto un- 
“Suspected membrane characteristics, in- 
“cluding high permeability to potassium, 
«higher membrane conductance than resting 
neurones, direct electrical connections with 
one another, and the ability to respond 
“metabolically to depolarization induced by 
"local neuronal activity, all of which add to 
“their fascination. How far these properties 
: are characteristic of glial cells in situ is still 
"а matter for conjecture. 

The electrophysiological study of glial 
«cells in tissue culture began in 1958 with 
“work of Hild, Ching and Taskai* who 
"showed that morphologically identified 

glial cells do not display the action poten- 
.tials that are characteristic of most 
neurones, yet have resting potentials that 
are sensitive to potassium. Over the years, 
“with. contributions from many people 
working on. both isolated cells and intact 
tissues, a picture has emerged in which 
some glial cells have very remarkable 
properties’, including probably the most 
extreme selectivity of membrane perm- 
eability for potassium over sodium of all 
“known biological cells. 
One aspect that is beginning to be well 
characterized is the role of glial cells іп 
stabilizing extracellular potassium levels in 
‘the nervous system''!>. Many questions 
remain, even in this highly specific area. 
For example, the relative importance of 
potassium dispersal through glia and of net 
“uptake into glial cells remains controver- 
© sial. The principal mechanisms of net up- 
take are uncertain and the significance of 
all these mechanisms for normal neural 
function are largely subjects for specula- 
tion. These current issues would tax one's 
ingenuity enough in designing experiments 
10 settle them, even without the addition 
‘of the surprising new data from studies on 





js rratum 
In the article by Jonathon Bacon ‘Why flying 
lócusts do not crash’ (Nature 9 May, p. 94), the 
;.fourth paragraph in colunm 3 should begin “Те 
descending neurones make only weak direct con- 
nections with flight motor neurones but have 








isolated glial cells in culture. 

The special advantages of work in tissue 
| culture are that the cells can be studied in 
a simplified context and with the widest 
range of modern cell biology techniques. 
These include antigenic characterization 
with monoclonal antibodies and 'patch' 
electrophysiology, in which a pipette is 
sealed tightly to the outside of the cell mem- 
brane. Because glial membrane conduc- 
tance is largely a potassium conductance in 
most preparations, it is gratifying that 
K *-selective single channels (with, inter- 
estingly, a variety of different sizes) have 
been identified in oligodendrocytes?. The 
observed channels open and shut intermit- 
tently, although any channels that are con- 
stantly open may perhaps have escaped 
detection for technical reasons. 


| A type 2 astrocyte in culture, stained with 
| fluorescently labelled antibody to glial fibrillary 
| acid protein (courtesy of Dr. J. Cohen). 





First of the particularly novel glial char- 
acteristics to emerge are sodium-selective? 
and calcium-selective^ conductances, 
revealed with various pharmacological 
interventions. Astrocytes treated with 
barium and tetraethylammonium ions 
can even produce action potentials, in- 
volving Ca?* channels* and with some 
resemblance to action potentials of heart 
muscle. Voltage-dependent sodium? and 
potassium! conductances, comparable with 
those normally found in neurones, have 
now been demonstrated in apparently 
normal, well-characterized astrocytes in 
culture (see figure). Despite many electro- 
| physiological studies of cultured 
| astrocytes’, such potentials have not 
i previously been reported, so there would 
seem to be substantial variation in proper- 
ties between glial cells in different labora- 
tories, and even to a certain extent among 
cells prepared in a single laboratory, with 
| consistent techniques. The reasons for 
! these differences are obscure, but an impor- 
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tant consideration may be that the cells for. 
which results are illustrated in Bevan and 
Raff’s study'seem to have much higher in- 
put resistances (100-150 MQ) than have. 
been found before (usually 1-10MQ). It is. 
not clear whether this could be explained 
by morphological differences, variations in 
the extent of coupling between cells or 
aspects of the recording conditions that. 
may affect the membrane conductance. 
The new findings'? do show convincingly, 
however, that some glial cells are capable 
of producing the molecules, presumably 
proteins, responsible for various different 
channels found in membranes. UU 
At least three suggestions can be made 
as to the possible functional significance of- 
voltage-dependent channels in cultured glial 
cell membranes. They might have no fünc- 
tional significance at all, appearing only as 
a consequence of particular culture condi- 
tions; they might exist in mature glial cells 
in vivo and play some physiological role; 
or they might exist only transiently in glial 
ceils and play some role in the development: 
or maintenance of neurones?. Because the 
channels are opened only when the mem- 
brane is depolarized above about —40mV;. 
they could function solely in conditions. 
leading to extreme glial-cell depolarization 
Such extreme disturbances are known to 
occur only in two pathological conditions: 
spreading depression, a condition believed 
to occur in some migraine attacks!®, and 
anoxia. The potasium conductance of glial 
cells may play a significant role in pre- 
venting spreading depression'^?, which 
would indeed be assisted by a conductance 
increase on depolarization, but none of the 
studies in vivo has yet revealed a class of 
glial cells with non-linear conductance" !?, 
The recent studies on cultured glial cells 





| may spur attempts to tackle the substan- 


' neurones. 


tial technical problems that will be encount- 
ered before such cells can be identified with 
certainity in vivo and distinguished from 
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Atmospheric physics 


from D.G. Cole 


- THE status of the ionosphere — modelling, 
measurement techniques, applications and 
forecasting of the ionized upper atmo- 
sphere — was discussed recently at a con- 
ference held under the auspices of the 
Australian lonospheric Prediction Service 
in Sydney*. Regarded by some as an anach- 
ronism, ionospheric research has enjoyed 
a resurgence of interest to cope with a de- 
mand for high-speed digital data traffic on 
Aonospherically propagated paths, increased 
high frequency (3-30 MHz) radio commun- 
ications in developing countries and trans- 
ionospheric propagation problems. 

`. The fundamental tool of the ionospheric 
forecaster is an ionospheric model. The 
present status of such modelling was 
reviewed by J. R. Dudeney (British Antarc- 
tic Survey). At present the most widely ac- 
cepted model is the International Reference 
‚ lonosphere (IRI) (eds Lincoln, J.V. and 
Conkright, К.О, NOAA Report, Boulder, 
1981) which is distributed on magnetic 
tape. IRI gives profiles of electron and ion 
density, temperature and relative ion com- 
position; a user supplies location, time of 
day, season and solar activity. The model 
is used widely, even though it is inappli- 
cable to auroral zone regions and times of 
very high solar activity, and does not 
consider irregularity structures. 

The two regions that still provide the 
greatest problems in any modelling or pre- 
< diction schemata are the equatorial and 
polar/auroral zones. Of these, the equa- 
torial region is the easier to model. Indian 
researchers have gathered much decisive 
data by widespread low-cost satellite- 
beacon scintillation and electron-content 
studies. The IRI model has been shown to 
underestimate considerably the low-latitude 
F-region — the ionospheric layer of max- 
imum electron density at about 300 km 
; above ground level — daytime plasma den- 
~ sity scale-height and total electron content. 
Disagreement with the topside ionosphere 
. is bad, which is relevant to transionospheric 
systems and, through vertical plasma trans- 
port, to HF ionospheric systems. 


improved by using theoretically calculated 


consuming and expensive even with 
present-day large computers. D.N. Ander- 
son (US Air Force Geophysics Laboratory) 
and coworkers have recently made con- 
siderable progress with a semi-empirical 


only coefficients from such theoretical pro- 
files to form the basis of a fast portable 


latitude F-region electron-density profiles. 





“The conference onthe ionosphere and radio wave propagation 
was held at the University of Sydney, 11-15 February 1985, 
sponsored by the International Union for Radio Science. 


profiles, but this is prohibitively time- | 


low-latitude ionospheric model that uses | 


computer code to produce realistic low- | 
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Predicting the ionosphere 


The polar region and the behaviour of 
irregularities still remain a world-wide pro- 
blem, requiring concerted intensive global 
data collection and analysis. An exercise 
which can be regarded as a forerunner of 
such a study, project SUNDIAL, was con- 
ducted late in 1984. The project arose 
because there was no prediction capability 
for day-to-day variations in ionospheric 
structure and it highlights the fact that the 
various ionospheric domains are not 
isolated subsystems, but are indeed inter- 
active elements in the entire solar-terrestrial 
network. The project looks to progressive 
development of a genuinely predictive 
ionospheric specification capability under 
both quiet and disturbed conditions. Such 
a capability would add direct solar and 
magnetosphere inputs as well as latitudinal 
and longitudinal coupling to the fundamen- 
tal ionospheric model, and requires near 


real-time updates from a responsive net- 


work of ionospheric monitoring stations. 

The experimental period of project 
SUNDIAL was based on an eight-day flight 
of the space shuttle carrying a 1.28-GHz 
ground imaging radar in October 1984. 
This aperture-synthesis radar requires 
phase-path constancy through the iono- 
sphere to obtain maximum resolution. 
During this period the international 
ground-based ionospheric programme 
(coordinated by E.P. Szuszczewicz, Science 
Applications International, Virginia) 
collected ionogram, electron content and 


‚ scintillation data from equatorial, mid- 
| latitude and both polar domains, later 
supplemented with data on solar, 
magnetospheric, geomagnetic and inter- - 
planetary activity. Two workshops are 
planned in 1985 to analyse these data and 
to issue guidelines, recommendations and 
suggest follow-on programmes. Future 
studies will emphasize new programmes 
and also the appropriate coordination to 
ensure that diverse existing ionosphere 
measurement facilities are fully used. 
Interestingly, the USSR Solar Terrestrial 
Physics group was the first to propose an 
intense global ionospheric study. 
A final note of interest is the detection 
of meteor echoes by the Australian Project 
Jindalee, an Over-the-Horizon Backscatter 
Radar near Alice Springs. Conventional 
radar meteor studies, starting with the early 
work at Jodrell Bank in 1945, have always 
used only the direct line-of-sight return 
| signal. It seems now that, for the first time, 
significant rates of meteor echoes have been 
detected by various ionosphere (and 
ionosphere-ground) reflection modes. 
R.M. Thomas (Project Jindalee team) also. 
suggests that the steerable, narrow beam- 
width antenna pattern, coupled with the 
frequency, agility and sophisticated pro- 
cessing available to the system, can be used 
| to optimize the radar for a particular 
meteor radiant by changing the appropriate `: 
parameters. Such a facility could signifi- 
cantly revitalize interest in delineating the’ 
faint-field meteor influx and improve the : 
management of polar high-speed meteor . 
forward-scatter links of interest to military: 
| and other circles. Li 
D.G. Coie is in the Ionospheric Prediction 


| Service, 162-166 Goulburn Street, PO Box 702, 
Darlinghurst, New South Wales 2010, Australia. 











Evolution 


The point of a toucan's bill 


from J.S. Jones 


MODERN evolutionists are beguiled by ran- 
dom change. Recent theories about DNA 
sequence divergence suggest that natural 
selection does not determine the fate of 


most genes and that genetic drift is the main | 
| agent of evolution, with selection acting 
Total electron-content predictions can be | 


only to remove harmful mutations. It is 
therefore important to remember that not 
all evolution happens by accident; that 
natural selection is a potent force for adap- 
tive change, and that its products can be 
seen all around us. Some of the most spec- 


tacular examples of the intensity of natural | 


selection and its ability to produce rapid 
adaptation have emerged from recent 
studies of birds ranging from the mundane 
sparrow to the outrageous toucan. 
House sparrows were introduced into the 
United States in 1852, and are now wide- 
spread. Since their introduction, American 
sparrow populations have undergone con- 


siderable morphological evolution, and | 








northern birds are larger and have relatively 
shorter extremities than do those in the 
south!. These differences are maintained 
in the face of dispersal sufficient to pro- : 
duce relative uniformity in the frequencies 
of genes coding for soluble enzymes?. 
They probably represent an adaptive 
response to climatic selection: birds with . 
short limbs survive in cold weather con- 
siderably better than do those with long. 
In one particularly harsh Kansas winter a 
25 per cerit difference in mean fitness was 
associated with humerus length; a dif- 
ference related to the extent of heat loss 
through the extremities. Larger males, but 
small females, are better at surviving the 
winter — àn effect which might result from 
an advantage of more dominant males and 
more submissive females in conditions 
where fighting is metabolically costly. - 
Differences in food items selected by birds . 
of different body size may also help to ex- 
























plain the greater sexual dimorphism found 
_ in northern populations’. 
- Natural selection appears to be an effec- 
> tive agent in producing rapid adaptation in 
these introduced populations. There is no 
"information on the genetic basis of mor- 
“phological variation in sparrows, but 
_ transfer experiments with other American 
birds suggest that some geographical 
_ changes in body form are a direct response 
^to the environment. Consequently, 
-estimates of heritability are needed before 
“the evolutionary significance of such 
changes in morphology can be assessed. As 
^ recently discussed by Paul Harvey, infor- 
mation of this kind is now available from 
new work on Darwin's Galapagos finches’ 
“Patterns of differentation in their solu- 
г ble enzymes suggest that the finches have 
| occupied the islands for less than a million 
‚ years and have diverged rather rapidly from 
{һе emberizine finches that are their main- 
“land ancestors*. There are striking mor- 
;.phological differences between species, 
. from the long slender bill of Certhidia oli- 
` yacea to the stout and powerful beak оѓ 
Geospiza magnirostris. Assuming there is 
‘no strong correlation between genetic and 
environmental variation in wild birds, 
family studies suggest that the heritability 
of morphological characters, such as body 
size or beak dimensions, is high^?. For ex- 
ample, three quarters of the overall varia- 
поп in G. fortis body size is due to genetic 
«variation. There is therefore abundant gen- 
епс variation on which natural selection 
might act. Periodic droughts, such as those 
on Isla Daphne Major in 1977, 1980 and 
1982, can lead to mortality rates of 85 per 
сет. Much of this is selective, and adult 
survivors have substantially larger bodies 
and beaks than those who die, probably 
because they can feed better on the hard 
-seeds that persist through the drought. A 
selective shift of six per cent in mor- 
phological traits can occur in one year!®, 
Selection of this intensity, acting on 
‘highly heritable characters, has the pot- 
‘ential to generate rapid morphological 
change. A new study of the numbers of 
“finch species on the various islands and 
their patterns of differentiation in beak 
“shape in relation to food availability shows 
that coexisting species always differ in bill 
dimensions by at least 15 per cent. Such dif- 
ferences can be explained only by inter- 
specific competition and by local adaptive 
radiation into a variety of feeding 
niches!'. The role of competition for food 
- in driving adaptive radiation is particularly 
manifest when comparing the morphology 
of species present in sympatry and in allo- 
patry on different islands. The bills of G. 
fortis and G. fuliginosa diverge from each 
other to a much greater extent in mixed 
populations than in single-species popula- 
tions. Comparing of feeding behaviour 
with availability show that this character 
displacement results from exclusion from 
particular food items in mixed populations, 
г leading to.a change in optimal beak size for 
_ each. species"... Natural selection on beak 



























Adaptations in skulls of Coraciform and 
Piciform birds. Top to bottom: Alcedo atthis 
(kingfisher); Selenidera langsdorffi (toucan); 
Sasia abnormis (piculet). Scale bars, kingfisher 


and piculet, 10mm; toucan, 5mm (from ref.17). 


form appears to be intense enough to 
bridge the gaps between existing species 
within only a few years. This evidence that 
selection is the directing force in evolution 
on the Galapagos contrasts with the em- 
phasis placed on accidental change in evo- 
lutionary studies of Hawaiian Drosophila" 

Adaptive radiation has the potential to ob- 
scure patterns of taxonomic affinity if un- 
related organisms, living in ecologically 
similar circumstances, evolve body forms 
sufficiently alike to produce an appearance 
of common ancestry'*. This is true to 
some extent among Galapagos finches", 
but is far more striking among Australian 
birds. The Australian passerines include 
many species with names (wrens, crows, 
babblers and honeyeaters) reflecting their 
similarities in structure and behaviour to 
birds in other parts of the world. Until 
recently, this diversity was thought to re- 
flect a series of invasions of Australia by 
a number of unrelated ancestors. Now, 
however, the use of DNA hybridization to 
measure genetic affinity suggests that it 
results from an explosion of adaptive radia- 
tion from one endemic ancestor within the 
past 60 Myr'®, to fill the niches occupied 


| by wrens, warblers, flycatchers and chats 


in other parts of the world. Unique forms 
such as bowerbirds, butcherbirds and bell- 
birds have also evolved. Once again, 
natural selection in diverse habitats has led 
to a rapid adaptive response. 
Comparisons of structure and of ecology 
have recently been combined to illustrate 
the forces of natural selection that have led 
to an exuberance of form in a group of 
birds far more diverse than sparrows, fin- 
ches or Australian passerines!’ (see 
figure). The Coraciiformes and Piciformes 
include 15 families. Some are familiar — 
kingfishers, bee-eaters, woodpeckers and 
toucans; others are less well known — 
todies, cuckoo-rollers, jacamars, barbets, 
puffbirds and piculets. Despite their name, 
most kingfishers do not fish. Instead they 
sally for terrestrial prey, which may include 
small snakes. The beak is large and stout 


— which is perhaps not surprising. give 
that some species nest in tunnels excavates 
by flying directly at a river bank. Bee-eati 
pursue insects on the wing, arid can cat 
up to 350 in a single day. Their bill is les 
eavily constructed than the kingfisher’ 
but is not as lightly built as that of thi 
hoopoe, which probes the soil for insects: 
The huge beak of the hornbill is used tọ 
crush dangerous prey and to peel fruit; 
food items, once prepared, are tossed into. 
the air and caught in the bird's open: 
mouth. Honeyguides have a short but 
robust bill and can feed on wax. The huge 
casque of the toucan is used to peel fruit, 
but may also be useful in intimidating other 
birds when robbing their nests, and as. à 
social signal. Finally, the wrynecks, piculet 
and woodpeckers feed on insects obtaine 
by probing or excavating with.a straigh 
chisel-like bill. This diversity of skull form 
is accompanied by an equivalent radiatio 
of the muscles of the head arid neck, whic 
are reduced in bee-eaters, but massivel 
strengthened in woodpeckers. Other spec 
ializations include the extremely smal 
tongue of kingfishers and the brush-lik 
tongue of the toucan, which is among the. 
largest in any bird, This rare combination: 
of information on structure, ecology an 
behaviour in a widely distributed and 
highly variable group gives an unusual in- 
sight into the power and opportunism of. 
selection in leading to adaptive change. .: 
In 1825, Sydney Smith wrote of th 
toucan: “То what purpose is a bird placed 
iri the forest of South Cayenne, with a bill 
a yard long, making a noise like a puppy 
dog, and laying eggs in hollow trees? The 











| toucans, to be sure, might retort — to what 
| purpose were gentlemen in Bond Street 
; created? ... There is no end to such ques- 


tions. So we will not enter into the 

metaphysics of the toucan." Smith was: 

hasty in his dismissal of this enigmatic bird: 

modern ornithology reminds us that 

molecular biology is still little more than 

an account of the structure of the genome, 

and that we should be wary of abandon- 

irg natural selection as an agent of change 

until we can describe the functional 

anatomy of molecules in as much detail as 

is now possible for beaks, muscles and 

feathers. C 
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Changing weight of 
photosynthesis in the ocean 


from I. Gilmour 


ON PAGE 216 of this issue Arthur et al.’ 
provide further evidence for the debate on 
what controls the carbon isotope composi- 
* tion of organic matter in marine sediments. 
; The common photosynthetic pathways dis- 
criminate against the heavy carbon isotope 
(ЗС), mainly as a result of a kinetic iso- 
tope effect inherent in carbon fixing re- 
actions. As carbon dioxide dissolved in sea- 
water contains more C than atmospheric 
carbon dioxide, marine organic carbon is 
generally isotopically heavier — that is, 
ЭС enriched — than most land plants or 
terrestrial carbon. This has led to a general 
belief that the variations in the carbon 
isotope composition of organic matter in 
marine sediments provide a measure of the 
relative amounts of marine and terrestrially 
derived organic matter??. Arthur et al., 
however, now report an apparent reversal 
of this general trend in some marine 
sediments of Cretaceous and older ages! 
(see figure). Using a second, independent, 
geochemical parameter to evaluate the 
source of the organic matter, they report 
` carbon isotope values for rocks apparently 
containing mainly marine organic matter 
that are lighter (that is, more "C-depleted) 
than those containing mainly terrestrial 
organic matter. 
: The parameter that Arthur et al. have 
. measured is the hydrogen content of the 
organic matter, determined using the Rock- 
Eval pyrolysis method, which provides a 
‘hydrogen index’ related to the H/C ratio 
in the organic matter’. Terrestrial organic 
matter has a lower H/C ratio compared 
"with marine organic matter because of the 
presence of lignin. This material, which 
gives land plants their *woody' charac- 
| teristic but is not found in marine algae, 
‘has а low H/C ratio, reflecting its more 
aromatic chemical structure. Arthur ef al., 
by plotting the carbon isotope composition 
of the organic matter against the ‘hydrogen 
- index’ or H/C ratio, relate organic carbon 
isotope values to the chemical composition 
of the organic matter, which in turn is 
dependent on the relative contributions of 
marine or terrestrial material. Using this 
approach, they are able to demonstrate that 
for Cretaceous and older organic rich se- 
quences a negative correlation is commonly 
found, suggesting that the lightest carbon 
isotope values are related to chemical com- 
positions that indicate the greatest con- 
tributions of marine organic matter. For 
the more recent Cenozoic sediments, they 
observe either a positive correlation or no 
correlation, reflecting the ‘normal’ iso- 
tope variations between marine and ter- 
restrial materials and purely marine organic 
matter, respectively. Thus, pre-Cenozoic 








marine organic matter is anomalously 
depleted in "C by around 5 to 7 parts рег 
thousand compared with marine organic 
matter in more recent sediments. 
Anomalous "C depletions in ancient 
sediments are fairly common, particularly 
in Precambrian sediments" where differ- 
ent carbon cycling pathways, notably those 
based on methane, have been invoked to 
explain them. It is difficult to try to explain 
such anomalies in ocean sediments, where 
the organic matter is derived predomin- 
antly from phytoplankton that use carbon 
dioxide. Arthur ef al. consider several 
possibilities for this anomaly. They dis- 
count diagenetic effects, which generally do 





Organic material from a Cretaceous black-shale 
sequence from the Falklands Plateau, South 


| Atlantic, which has revealed lighter carbon 


isotope composition than expected. The material 
is predominantly the remains of photosynthetic 


| marine algae with minor amounts of material 


derived from the continents of the time. (Photo 
courtesy of I. Gilmour.) 


not produce sufficiently large shifts in the 
carbon isotope composition of the organic 
matter. They also eliminate, although not 
totally, the possibility that changes in the 
carbon isotope composition of the organic 
matter reflect changes in the dominance of 
marine phytoplankton groups because this 
explanation is not supported by the 
Cenozoic palaeontological record. The 
three remaining possibilities all relate to one 
factor, the level and isotope composition 
of dissolved carbon dioxide in the oceans 
and its possible effect on photosynthesis. 
The authors eliminate a secular variation 
in carbon isotopes because the average 
Cretaceous carbonate is about 1.5 parts per 
thousand heavier than modern pelagic car- 
bonates, which would result іп marine 
organic matter being heavier, not lighter. 
Thus, the favoured interpretation is as 


| follows: increasing the carbon dioxide con- 
! centration in the oceans can have a pro- 





found effect on photosynthesis. Photosyn- 
thetic carbon isotope fractionation is max- 
imized under conditions of high carbon: 
dioxide availability? and, as Arthur 
et al. point out, this would result in ?C- ^ 
depletion of organic matter. An increase in 
carbon dioxide availability can be ac- 
complished by reducing the ocean tempera- 
ture, which increases the solubility of car- 
bon dioxide. But the Creteaceous oceans 
were as warm, if not warmer, than present- 
day oceans. Thus, Arthur et al. argue that 
possible higher levels of atmospheric car- 
bon dioxide during the Cretaceous, com- 
bined with lower levels of surface produc- 
tivity, would have resulted in more 
available carbon dioxide and increased 
fractionation of the carbon isotopes found 
in marine plankton. 

Are these intepretations correct? If so, 
then modern marine photosynthesis may be 
occurring under geologically unusual con- 
ditions. True or false, their approach is cer- 
tainly on the right lines. By relating carbon 
isotope composition to H/C ratio and 
hence to chemical structure, the relative. : 
contributions of marine and terrestrially 
derived material are better understood. 
However, the carbon isotope values ob- 
tained stili represent an average of two com- 
ponents, whereas ideally the marine and 
terrestrial material should be resolved com- 
pletely. Failing this, the approach adopted © 
by Arthur et al. is certainly an improvement. 
on merely measuring bulk carbon isotopes 
in isolation. The implication from this... 
work is, as the authors suggest, that car- 
bon isotope values alone are not reliable for 
organic matter provenance studies, par-: 
ticularly in pre-Cenozoic sediments. 

The possibility of fairly substantial varia- 
tions in marine carbon isotope values 
resulting from variable photosynthetic frac- 


| tionation is worth much closer investiga- 


tion. Positive carbon isotope shifts in car- 
bonates during the Cretaceous could repre- 
sent increased oceanic productivity that 
uses up more of the lighter isotope!?. The 
work of Arthur et al. could upset some of 
the widely accepted ideas for models of the 
carbon cycle. Clearly, more detailed work 
is required, but merely taking bulk car- 
bon isotope values of organic matter in 
sediments in isolation is not going to help 
solve the problem. ш. 
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COMMENTARY 


Scientific creationism and 


rationality 


from Michael A. Cavanaugh 


Scientific creationism is a social movement of rationalists — amateur philosophers of science — 
whose claims upon science policy are nonetheless wholly unreasonable. This thesis may not endear 
the author either to rationalists or creationists, but it may illumine the movement’s behaviour and 


the sources of its wider appeal. 


ORDINARY language contrasts the rational 
and the social. Individuals either pursue the 
truth or we pursue our intersts; either we 
have good reasons or we are swayed by 
others — peers, experts or traditions. On 
another point of view, derived from the 
sociologists Durkheim and Weber, society 
is defined by its shared rationality. Social 
structures and divisions of labour can dis- 
tribute, even augment, human reason (or 
impede it). From this standpoint, society 
as such is ‘‘knowledge-based; and two 
heads are better than one. This, if so, is so 
for any society. 

Modern societies are knowledge-based in 
yet another way: they thrive upon mass 
education!. Schooling has become 
indispensable for even ordinary occupa- 
tional roles; fairly advanced educational 
credentials are demanded routinely as 
tickets of admission to the work force!. 
The consequences are political and cultural 
as well as economic. Complex societies dis- 
cover that they cannot dispense with tech- 
nical expertise. And this is no less true (as 
in Iran and China in recent years) when the 
power of technicians and experts conflicts 
with traditional elites or newer populist 
authority. 


Mass education 

Mass education is oddly uneven education. 
It enlarges society's pool of intellectuals, 
but also confers academic degrees upon 
people contemptuous of intellect and un- 
familiar with the life of the mind. Mass 
education democratizes educational oppor- 
tunity; it also stratifies the ‘‘new class" of 
the highly schooled and proliferates an ın- 
tellectual underworld — Pluto’s Republic, 
pace Peter Medawar. 

So it is that late twentieth-century society 
simultaneously enjoys unprecedented levels 
of education and technical knowledge and 
suffers acute self-doubt and pessimism 
about the very value of human reason. 
“Опсе again," as Medawar® has 
observed, ''there is a rootlessness or 
ambivalence about philosophical thinking, 
as if the discovery or rediscovery of the 
insufficiency. of reason had given a 
paradoxical validity to nonsense, and this 
gives us a special sympathy for the 
Michael A Cavanaugh ts at the Department of 
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dilemmas of the seventeenth century.” 
How apt, as our era goes through a 
debate more appropriate to the age of 
Bacon, Newton and Descartes (or perhaps, 
of Thomas Aquinas). Claiming support 
from the scientific community, highly 
schooled fundamentalist Protestants pro- 
pose teaching a ‘‘creation model" as an al- 
ternative to evolution. Since their heyday 
during 1980-82, such claims and proposals 
have not gone undisputed. To 1ts opponents, 
creationism appears as Luddite anti-intel- 
lectualism?; as pseudoscience?; as а 
deviant science movement?; and as an 
American abberation (rooted in the rural 
South)’. Its advocates are portrayed as 
equally uninformed about genuine science 
as about genuine religion!®; or as ‘‘space- 
age  fundamentalists"!!, religious 
traditionalists as inconsistent as the 
“republican”? mullahs denouncing Western 


almost all contemporary scientific 
creationists claim batchelor's 
degrees forty to sixty per cent in 
some scientific or technical field 


materialism into the uplifted microphones 


of mass-produced tape recorders. 

Religious fundamentalism is nothing if 
not a protest against modern secular 
society". Yet to regard scientific creation- 
ism simply as marginal to that society is 
misleading. On the contrary, creationism 
is not the anti-intellectualism of those who 
have just gotten shoes; it is the coun- 
ter-intellectualism of modern offspring 
(who understand well the rhetoric of 
modern political pluralism). Consider 
educational experiences. Unlike their fore- 
runners of the 1920s, contemporary scien- 
tific creationists are the beneficiaries of 
mass educational expansion. Almost all 
claim bachelor's degrees, an estimated 
40-60 per cent in some scientific or techni- 
cal field. Around 10-25 per cent are trained 
in applied areas, particularly engineering, 
20-30 per cent in physical science; and a 
few (5-10 per cent) in the life sciences, the 
most relevant for an anti-Darwinian move- 
ment. (Some are now completing graduate 
work pseudonymously.) Many claim PhDs 
from accredited schools, even major uni- 
versities. (Some claims have been dis- 
puted?.) Compare this with the average 
US citizen's 14.2 years of schooling. 








In social location, the movement is not 
confined either to rural margins or to the 
American South. It thrives wherever 
Protestant natural theology has spread, 
mainly throughout the former British 
Empire (for example, North America, 
Australasia, South Africa, India, the 
United Kingdom itself), concentrating in 
North America (primarily in expanding ur- 
ban areas, п longstanding fundamentalist 
enclaves in midwestern and western states 
and provinces but not in the southern 
United States)!^. 

The geographical and occupational dis- 
tribution of creationists illustrates how fun- 
damentalism is expanding beyond its mar- 
ginal enclaves. Erstwhile fundamentalists 
separated themselves into subcultures with 
unaccredited theologically-based schools!*. 
Like their secular contemporaries, today's 
fundamentalists seek technical credentials 
for occupational mobility; thus they must 
neutralize the worldly blandishments from 
which their forebears simply fled'^. Pace 
Snow’s ‘‘two cultures"'!6, young funda- 
mentalists desire (and their parents encour- 


| age) technical training with minimal hu- 


manistic education. Thus the Reverend Mr 
Jerry Falwell (the leader of the Moral 
Majority) and Mrs Phyllis Schlafly (the 
lawyer opposed to expanding womens' 
rights) wish their children to become 
engineers. Why? Because, the parents 
reason!^!?, unlike law (not to mention 
literature, or philosophy), engineering 
devises simple solutions to practical 
problems, without seriously challenging the 
intellectual traditions of any subculture 
(religious, political, or otherwise). 
Questionable though their analysis of 
engineering may be!??9, this does suggest 
why technical training appeals to funda- 
mentalists — Christian, Jewish, Muslim — 
and others (in developed and developing 
nations alike) seeking to avoid the choices 
underlying modern science and technology. 

Like Islamic republicanism, scientific 
creationism is not simply backwardness; 
both are cautious bargains with the devil, 
modernity. Although creationism's concep- 
tual resources betray a seventeenth-century 
provenance, its causes (and appeal) are 
discernibly more recent; and it is not 
entirely foreign to the normal culture of 
science. Why does the knowledge-based 
society respond to creationism redivivus, 
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rather than to Taoist alchemy or Baby- 
lonian cosmology? And why are there so 
many Islamic republicans but no Islamic 
creationists? In brief, because the West has 
a unique history of progressively testing key 
religious myths for purely secular 
validity*, and creationism was tested and 
found wanting. Because of this legacy, 
there are some things creationism definitely 
is not. For instance, it is not preindustrial 
Luddite irrationalism. It 1s not a deviant 
science movement like plate tectonics once 
was. Nor 1s it pseudoscience in precisely 
the way that ‘‘psychic archaeology’’, 
phrenology or the green cheese theory of 
the Moon are. Unlike them, creationism 
once enjoyed standing in the history of 
science. 


Scientific method 

Robust in Newton’s day, creationism de- 
generated?!, and no longer informs any 
active progressing scientific research tradi- 
tion??23, To survey the main social and in- 
tellectual hallmarks that identify science is 
to discover what creationism lacks. First, 
knowledge is acquired through conjectures 
and refutations in a research process”. 
Research is institutionalized in the various 
Scientific professions, which select and 
certify practitioners, and is communicated 
in the various journals. Therein research is 
subjected, first and foremost, to the judge- 
ment (and reward) of specialist peers”. 
Subsequent public acclaim or academic 
standing depends on this judgement. 

Second, whence the coherence of 
science? It cannot be founded upon tenets, 
which change. Any single tenet may be 
false; most (the set of all scientific theories 
minus our present ones) are false. 
Moreover, the foundationalist search for 
substantive bedrock is now widely acknowl- 
edged to have failed, Science acquires 
coherence, rather, through its procedural 
commitment to the integrity, reliability and 
professional governance of scientific 
theory-testing (and teaching) over the long 
haul?. In other words, modern science 
rests (like modern law) upon long-term 
“orthopraxy”’ (the integrity of method, in- 
stitutionalized in professions) rather than 
any short-term orthodoxy of individually 
trustworthy tenets. 

Accordingly, the unit of knowledge ac- 
quisition is the theoretical community 
rather than the individual scientist; thus 
“*science’’ develops as the distributed pro- 
perty of communities of theory (research 
traditions), not the consolidated property 
of individual genius — much less, of what 
Everyman observes in an untutored way. 
(On this view, theory is not the luxurious 
icing on the scientific cake, but the very 
cake itself. Science 1s nothing other than 
the history of its theories, since a method- 
independent science is impossible, and the 
subjects of this history are the scientific col- 
lectivities that produce and change 
theories?923,) 

Third, contemporary science is organized 
in certain ways. It is “Ыр c 
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Science 1s now conducted typically by 
career scientists within large complex 
organizations (rather than as the loosely or- 
ganized hobby of gentleman amateurs). In- 
creased size refines divisions of labour; con- 
sequently, ‘‘science’’ becomes even less the 
concentrated property of individuals. Each 
may differ greatly in understanding, talent 
and skill, yet all may contribute (provided 
their labour is divided cleverly enough) to 
the limits of their diverse gifts. Big science 
is internally ‘‘democratized’’, which 
permits the fullest use of even modest 
talent$??, (This is, perhaps, the chief 
difference between organized science and 
organized crime.) 

The organizational factor makes for a 
complex relationship of control between 
science and society. On the one hand, 
though the typical scientist is not Einstein, 
he will enjoy some expert divergence from 
commonsense not shared by every citizen. 
On the other hand, science and common- 
sense are not totally antithetical, for in a 
knowledge-based society, commonsense is 
increasingly tutored by ‘‘packed-down 
science'?!, Thus the man on the modern 
street ‘‘sees’’ the roundness of the Earth, 
and his common sense ‘‘knows’’ that the 
heart is not the seat of emotion and that 
werewolves do not exist. Such ‘‘conven- 
tional wisdom” is primarily a fact, not of 
individual psychology, but of membership 


in a certain kind of society. The organized ` 


process of gaining, and warranting, 
knowledge differs from the ability to use 
it in packed-down form, or the ability of 
Everyman individually to validate what he 
knows. 

It is the division of expert labour among 
a network of complex professional organ- 
izations that distinguishes contemporary 
science from such other enterprises as arm- 
chair scepticism, interest-group politics and 
even the “11е science" practised by ama- 
teurs (in the best sense) over the centuries 
past. If such are the hallmarks of science, 


Big science is internally democratized, 
permitting the fullest use of even 
modest talents. This is perhaps the chief 
difference between organized science 
and organized crime. 


then it is clear why creationism is not a 
scientific movement, not even a deviant 
one. As a rule (with few exceptions), its ad- 
herents do not undertake to conjecture and 
refute through empirical research??. They 
circumvent the normal confines of profes- 
sions and journals, going ‘‘over the heads”? 
of peer researchers and reviewers in favour 
of other forums such as the popular press, 
textbook selection committees, legislatures 
and courts of law!?^9, Popular acclaim, 
not expert peer review, is their ultimate 
court of appeal. 

While it is true that (in recent decades) 
creationists have not tried to outlaw evo- 
Iution, they have sought to establish anti- 
evolutionary tenets by legal fiat. And 
characteristically, the campaign for lasting 








orthodox tenets advances by a straightfor- 
wardly empiricist rejection of evolutionary 
theory, as 1f theory meant imperfect fact 
— брагі of a hierarchy of confidence run- 
ning downhill from fact to theory to hy- 
pothesis to guess??^ — something in dire 
need of extra-scientific correction. 


Organized scepticism 

Thus, if science is inseparable from self- 
governing professions, the procedures they 
institutionalize and (perhaps most impor- 
tantly) the theories they conjecture and test, 
then scientific creationism does not re- 
semble science. It requires nothing more ar- 
cane than well-known philosophical and 
sociological demarcations to understand 
why public policy justly may disregard 
creationist demands to produce science 
through political rather than scientific 
processes. 

Faced with this assessment, a sophisti- 
cated creationist might invoke his scepti- 
cism and empiricism. He might assert that 
creationism is highly sceptical about 
tautology in evolutionary theory”, where- 
as evolution requires mere faith in insub- 
stantial theories. Does this count? Old 
chestnuts about tautology, verifiability and 
naive falsification**3’ aside, the answer 
must be no. Why? First, the process of 
criticism in contemporary science deploys 
the norm of'''organized scepticism”?! 
seeking cumulative growth in knowledge. 
Creationist scepticism occurs sporadically 
outside organized science and seeks selec- 
tively to prune whatever accumulated 
knowledge offends extra-scientific tastes. 

Second, categorical ‘‘scepticism’’ masks 
an underlying foundationalism (religious 
fundamentalism being the limiting case). 
Categorical or naive doubt is not scep- 
ticism. For doubt to be intellectually cred- 
ible, the specific occasions and ends of 
doubt make all the difference. Creationists 
understand this intuition, for they, too, 
doubt selectively; as members of the knowl- 
edge-based society, their views retain much 
presupposed common-sensical packed-down 
science (that the Earth 1s round; that the 
heart is a pump; that men do not change 
into werewolves; that fossils are traces of 
extinct forms?®°). So, during fieldwork'*, 
one informant complained about a long- 
distance telephone call to a fellow creation- 
ist (one of the few who is also a Flat- 
Earther): “I do not intend to spend $1 per 
minute discussing nonsense!" Like most 
creationists, he doubts — but only those 
views (scientific, or superstititious) that 
countermand the foundational tenets of 
fundamentalist Protestantism. 

Creationism is radically against method. 
Procedure is disregarded in favour of direct 
access to a science-independent, oracular, 
God's-eye view of nature (literally so). So 
why not ignore normal research channels 
and Iimit oneself, as creationists do, in the 
worst tradition of academic scholasticism, 
to post factum pot-shotting? Likewise 
creationists invoke the rhetoric of scepticism 
and empiricism. They will assert that such- 
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and-such an evolutionary finding cannot be 
replicated in a laboratory”, or is not the 
sort of thing publicly observable by the 
common man*', or would not meet 
lawyers’ tests of evidence”, and so is 
scientifically invalid. But these ‘sceptical’ 
arguments are marshalled in the interests 
of a submerged theological agenda“. Thus 
empiricism and scepticism, ordinarily laud- 
able scientific hallmarks, are directed to- 
ward ‘‘doxological science’, which 1s 
not. Like Cartesians, creationists doubt 
only so as to shore up science-independent 
foundational certitude; unlike Cartesians, 
a preterhuman card waits up their sleeves. 
Moreover, by appealing to individualistic 
common-sense tests in the court of public 
opinion, creationists simply misapprehend 
the ineliminably distributed property of 
science and scientific theory change. (One 
of history's little jokes 15 that the very 
principled distrust of structured authority 
and tradition that wed seventeenth-century 
Protestant rationalism to little science ^ 
now divorces it from big science.) 


Science and parascience 

Habitually circumventing the social and in- 
tellectual structure of modern science, now 
inseparably linked by big science as never 
before, weighs decisively against creation- 
ism's scientific standing. If not science, 
then what? Creationism is neither deviant 
Science nor simply pseudoscience. It is best 
appreciated as a specialized parascientific 
movement: one whose members operate 
outside professional channels of research 
while still concerned with the criticism, use 





creationist parascientists run the 
gamut from Doubting Thomists to 
Popper-choppers. 


and dissemination of scientific findings. 


(Philosophers of science are another such 
group, likewise, other science analysts, 
scientific popularizers and amateur natural- 
ists such as bird watchers. For various rea- 
sons, many modern enterprises are para- 
scientifically tinged; and now even religions 
typically vie for legitimacy consonant with 
the cultural authority of science, rther than 
asserting independent bases of 
authority?.) 

Behaviourally, some creationists are 
amateur naturalists, fossil-hunters for 
example (and perhaps there are more crea- 
tionists in North America than in Britain 
just because there are fewer bird watchers). 
But on the whole, creationists are amateur, 
anachronistic philosophers of science, act- 
ing (unlike either working scientists or pro- 
fessional philosphers of science) to alter the 
content of scientific knowledge piecemeal 
through plebiscite and lawsuit rather than 
systematically through influencing profes- 
sional debates and research activities. They 
embrace a degenerate research tradition. 
Their classical mode combines a scholastic 
preference for oracular science-independent 
knowledge with a quaintly early-modern 
mixture of Baconian empiricism and 
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Scottish common-sense realism!?^?, But 
lately, some creationists have begun to 
speak of models, paradigms and falsifi- 
cation. Thus creationist parascientists run 
the gamut from Doubting Thomists to 
Popper-choppers. 


Amateur philosophy 

Scientific creationists suffer a philosophy 
of science at odds with contemporary phi- 
losophy of science as well as with contem- 
porary scientific practice. Their departure 
from science’s professions, procedures and 
organized scepticism in favour of extra- 
scientific correction of scientific knowledge 
1$ at once principled and opportunistic. It 
is shaped by the scholastic principles of 
doubting Thomism, which enjoin oppor- 
tunistic pruning of whatever contravenes 
orthodox revelation; quite inimical re- 
sources (even Popperian philosophy) will 
be mobilized as opportunity arises. 

The terms ‘‘philosophical’’ and ‘‘intel- 
lectual’’ here confer no normative dignity, 
but, as readers of Nature will know, the 
view that creationism is latter-day scholas- 
ticism has been disputed. Criticizing 
Marsden (its main proponent!*“*), Jukes‘? 
asserts that the creationist dispute ‘‘is not 
a polite discussion of differences in philos- 
ophy’’, but a fight over the worst sort of 
obscurantism. Would that politeness pre- 
cluded obscurantism; in my research ex- 
perience, creationists are on the whole 
polite, indeed amiable. But personality 
aside, to debate creationism is to quit 
Plato’s for Pluto’s Republic, and there 1s 
much evidence of Jukes’ general view. 

As a movement, creationism routinely 
flouts fundamental intellectual norms 
(obligations, for example, to earn expertise 
rather than flaunting credentials; to scru- 
tinize allies as rigorously as opponents; to 
detect and punish fraud among peers; to 
meet critic’s counterarguments; to acknow- 
ledge criticism and retract assertions if the 
criticism cannot be met?-37-47-49), This 
granted, has Jukes claimed any more than 
that creationists are ungentlemanly intel- 
lectuals and bad philosophers? Marsden’s 
contentions that fundamentalism is not 
anti-intellectualism but a distinct kind of 
modern intellectual movement, and that 
creationists are fundamentally Protestant 
scholastics, stand on their scholarly merits. 
Jukes has not refuted them; it is not clear 
that he has even contradicted them. (It is 
otherwise with Marsden’s view that evolu- 
tionary theory is usefully understood as 
**anti-supernaturalistic mythology''^$, to 
which Jukes also objects.) f 

To be sure, the entire creationist 
campaign is populated with figures such as 
the ‘‘textbook watchers"'!! who are text- 
book cases of anti-intellectualism*. But 
members of movement organizations tend 
to be counter-intellectuals, and the move- 
ment as a whole relies on them to produce 
its ideology. Religious intellectuals ap- 
proach science in various ways", the chief 
options being scholasticism and Averroism. 
These are, respectively, the view that 














natural knowledge and revealed knowledge 
mutually corroborate (classically, that the 
self-same Author wrote the ‘Book of 
Nature’ and the ‘Book of Scripture’, and 
the view (typically post-kantian) that 
natural knowledge and revelation treat dif- 
ferent domains. For scholasticism, religion 
1s like science, in several ways. First, 
theology is commensurable with science 
(whereas, for Averroism, the two are radi- 
cally incommensurable, and religion is not 
Just lame science). Second, for scholastics, 
both science and theology are systems of 
propositional truths; deny any single truth, 
and the whole system is weakened, perhaps 
fatally. 

Scholasticism inclines towards scientific 
realism (against conventionalism) and en- 
Joins extra-scientific correction. Creation- 
ists are scholastics. Hence they will produce 
1151550 of real truths about nature, allegedly 
anticipated by Biblical writers and. only 
later verified by science. Hence the un- 
spoken premise of creationist rhetoric: 
“Even (name any authoritative evolu- 
tionist) admits that X.. " One cannot 
“admit” novel knowledge, only what every 
Schoolman already knows. When scientific 
experts are found to admit" X, Y, and 
Z in this manner, mere human method-be- 
holden science is corrected in the light of 
superior knowledge. 

How is it possible to sustain such a view? 
Oracular science, like oracular law, may be 
feasible within delimited subcultures, but 
it 1s an impossible luxury within complex 
societies. There, Averroism secures civil 
and religious peace; and even if the sci- 
entific substance of creationism had not 
been discredited (as it was, manifestly, 
during the darwinian revolution), a hear- 
ing for such a secretarian epistemology 
must be sought in vain within the central- 
societal, cosmopolitan media of com- 
munication. 

Sociologically, the short answer!?-43.5! is 
that sectarian Protestantism (aided espe- 
cially by the segmented social structure of 
North America) preserved older scholastic 
philosophy in insulated subcultural en- 





Creationists are scholastics . they will 
produce lists of real truths about nature 
allegedly anticipated by Biblical writers 
and only later verified by science. 


ciaves with their own schools, presses and 
other (peripheral) media of communica- 
tions. They thus bypassed entirely 
Averroism and the kantian and darwinian 
revolutions in the more cosmopolitan 
media. 

Scholastic ‘‘proto-postivitism’’?! regards 
the ordinary untutored observer as the unit 
of knowledge acquisition. Naive empiri- 
cism is applied to a naively real world in 
quest of inductively established certainty; 
‘proof’ 1s demanded equally of religious 
and scientific propositions. Thus Arthur 
Pierson, in Many Infallible Proofs. The 
Evidence of Christianity (1886), could say, 
“Nothing,” either scientific or religious, 


tis to be accepted unless based in good evi- 
dence," so that if the Bible ts read ‘‘in a 
truly impartial and scientific spirit," pious 
*'Thomistic" doubt will dispel infidel 
doubt!? Religion is rational, like science; 
so science is like theology, comprised of 
certain evident propositions about a real 
universe, not of more-or-less probable, 
conventional, theory-laden conjectures. 
The same pre-kantian spirit of doxolog- 
ical science, evident in such members of the 
“parson naturalist’’ tradition as John Ray, 
Gilbert White and Jonathan Edwards, and 
also in the writings of Newton and fellow 
members of the Royal Society??5?, 
continues. It echoes in Paley's memorable 
Natural Theology* as well as in forgotten 
fustian titles?*9 and their ѕиссеѕѕ0г561-63 
Its arguments were merely rephrased when 
Mr Ivan Stonehocker (President, Creation 
Science Association of Alberta) 
responded“ to the claim by the provincial 
minister of education that the scientific 
communty, not public education, 
determined the validity of scientific claims 


The scientific community accepts on faith the 
assumption that the universe and life on earth 
had a natural beginning There 1s no evidence 
or proof for that position — и is simply a 
philosophy, nothing more Science can only 
properly deal with events which are observable, 
repeatable and testable — (thus) all discussion 
of evolution should be turfed out of all courses 
and all textbooks 


Much the same happened when, on US 
television, creationist the Reverand Mr 
James Robinson gleefully accused evolu- 
tionist Carl Sagan of relying on mere faith 
їп unproven theories Fundamentalism 
turns out to be some kind of arch- 
rationalism 

Compare Australian creationist Mr 
A.W Mehlert on punctuated equilibrium: 
"* unless you believe in natural miracles 
the hard facts (sic) of science are in strong 
disagreement with suggested mechanisms 
to support the new evolution" 6 Or com- 
pare Professor Н. Enoch, MA, FZS, 
retired chairman of the Zoology Depart- 
ment, University of Madras, and now a 
Vice-President of the Creation Science 
Movement: ‘‘Careful reading of the Scrip- 
tures, with an open mind, will reveal that 
no established scientific fact contradicts the 
story of creation as described ın the first 
chapter of the Bible'*65, 


there are many men who, though knowing 
absolutely nothing of the subject with which 
they are dealing, wish, nevertheless, to damage 
the author of some view with which they think 
fit to disagree What they do, then, is not to 
go and learn something about the subject, 
(but) wind up saying that: ‘‘After all, you 
know, the principles and. methods of this 
author are totally opposed to the canons of the 
Baconian philosophy ” 


Thus, Thomas Н Huxley‘ on some of his 
contemporaries — and some of ours. If 
scientific knowledge (or selected offending 
parts of it) cannot be '*proven"' in a labora- 
tory, or rests on theoretical conjecture, or 
falls short of inductive certainty from com- 
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mon-sense observation of the facts, then 
away with it; it is not science. As younger 
fundamentalists Join their contemporaries 
m mass education, they are exposed to post- 
nineteenth-century philosophy, and find it 
Just as easy to abuse their opponents with 
Popperian post-positivism as with 
Baconian protopositivism® 

This is not Popperranism, it 15 Popper- 
chopping. Popper is chopped in two ways. 
First, anomalous or difficult data are held 
to falsify decisively Second, Popper's erst- 
while scepticism about Darwinism as a 
“metaphysical research programme"'9 is 
invoked. The former, ‘‘nave falsification- 
ism”), forgets that any theory will be 
underdetermined by the data available, so 
that knock-down falsification is quite un- 
common. Second, although Popper said 
“*metaphysical’’, he also circumspectly said 
“research programme" Popper has, in any 
case, since retracted this criticism???!, 
Thus creationist Popper-chopping 1s (at 
best) disingenuous”. 


Opportunity structure 

Influence abhors a vacuum, and oppor- 
tunists require ‘opportunity structures’? 
So why are creationists so influential? Not 
through sheer numbers, the movement's 
core of adherents 1s small, and its kernel 
(actual members of scientific creationist 
Organizations) numbers no more than 
several thousand worldwide. Influence 
amplifies within an opportunity structure 
whereby (1) the core uses (2) a protective 
belt of mainstream intellectuals (willing and 


Perhaps the disproportion of physicists 


and engineers in the creationist 
movement is no accident physical 
scientists are professionally disposed to 
puzzle over central biological concepts. 


unwilling) plus (3) the contemporary 


climate of public opinion and scientific 
understanding. 

The protective belt consists of draftees 
and volunteers. With sufficiently loose 
standards of argument, the pool of draftees 
approaches infinity; reading creationists, 
“one would think that the main spokesman 
for the fundamentalist cause are Ernst 
Mayr, G.G. Simpson, Theodosius Dob- 
zhansky and Stephen Jay Gould!” 
Eldredge and Gould have been drafted 
(protests! unheeded) because punc- 
tuated equilibrium” challenges Darwin's 
own gradualist view of the tempo and mode 
of evolution; and whereas doubting 
Thomism thinks science requires founda- 
tional certainty, in principle ıt cannot 
distinguish typical intra-scientific dissent 
fiom outright repudiation of evolution 
Thus creationist Mehlert®: **Each time the 
differing evolutionist factions attack each 
other, all the profit goes to the creationists 
who can reap the best from both worlds." 
Likewise, Popper's scepticism 15 noted, but 
neither his circumscription nor subsequent 
retraction 

Such a draft is difficult to dodge; some 
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do not try, although there are degrees of 
volunteering Perhaps the disproportion of 
physicists and engineers тп the creationist 
movement (and their resurraction of misap- 
plied probability arguments?”-"6-77) is not 
accidental; physical scientists are profes- 
sionally disposed to puzzle over central 
biological concepts (for example, that in- 
dividuals in a species are not identical in 
the way that atoms of an element are, that 
populations and their dynamics, not in- 
dividuals, are the units of selection; that 
consequently ‘Чп complex, historically 
formed systems things occur that do not oc- 
cur in manimate sytems”™®) Beyond mtra- 
scientific misunderstanding, lawyer Nor- 
man MacBeth? mistakes scientific for 
legal truth-testing. However, the track 
record of a research programme carries 
over from case to case (whereas that of con- 
testing lawyers does not); and the analogy, 
evolution: creationism:. American pro- 
secutorial burden of proof: defendant's 
presumptive innocence, is unsound. 

At what point does confusion pass into 
wilfulness? Liberal theologian Huston 
Smith thinks’? that creationism does 
public service in policing *'the scientific 
establishment”’ lest mechanism and reduc- 
попіѕт unweave the rainbow. Paul Feyera- 
bend (thoroughly ‘‘against method’’®) 
proclaims ‘‘Three cheers to the fundamen- 
talists in California who succeeded in hav- 
ing a dogmatic formulation of the theory 
of evolution removed from the textbooks 
and an account of Genesis included’’®!, 
(His immediate disclaimer that a creationist 
establishment would also be dogmatic may 
strike some as small consolation.) And 
what of a palaeontologist, the Sorbonne's 
Pierre Grasse, whose nationalist disdain 
for **daydreaming" across the Channel 
produces. ‘“The probability of dust carried 
by the wind reproducing Duerer's **Melan- 
chola” is less infinitesimal than the pro- 
bability of copy errors in the DNA 
molecules leading to the formation of the 
eye ."? Fred Hoyle propagates® this 
same elementary misunderstanding, now a 
creationist mainstay®-85, Likewise the 
claim that natural selection is tautologous 
in which Hoyle ts joined by palaeontologist 
Colin Patterson of the British Museum 
(NH). Creationists take much aid and com- 
fort here. A 1981 talk in which Patterson 
likened evolutionary theory to religious 


Fred Hoyle propagates this same 
elementary misunderstanding, now a 
creationist mainstay. 


dogmatism, and said that ‘‘evolution not 
only conveys no knowledge but seems 
somehow to convey anti-knowledge’’, was 
transcribed and circulated (over Patterson’s 
protest®) by creationist engineer Mr 
Luther Sunderland. This 1s odd, since Pat- 
terson also dubs creationism  ''anti- 
knowledge”; but he also asserts a baconian 
view of evidence and theory-testing. On 
“Proof and Disproof” (sic)*", Patterson 
commends Darwin's misleading claim that 
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he was prepared ‘‘to give up any hypothesis 
... as soon as the facts are shown to be 
opposed to it" and warns: ‘‘evolutionary 
theory is not testable in the same way as 
a theory in physics, or chemistry, or 
genetics, by experiments designed to falsify 
it." Finally, there is the matter of trans- 
formed cladism (which Patterson?! cham- 
pions, along with various recent contribu- 
tions to Systematic Zoology). Its goal of 
theory-free taxonomy is debateable??, but 
its appeal for Doubting Thomists is 
understandable. 

Howbeit willing or unwilling, the protec- 
tive belt is useful only within a particular 
climate of scientific understanding. Much 
ink has been spilt over the rediscovery in 
recent decades of the insufficiency of 
reason, and of other curiosities of post- 
industrial society such as the fact that many 
people both ride the Clapham omnibus and 
consult their horoscopes. Yet caution might 
be urged in interpreting research evidence 
in favour of pervasive anti-rationalism. For 
example, one poll taken late in 19819? (at 
the height of the furor) was widely reported 
as showing that 86 per cent of Americans 
favoured creationism. What it actually 
showed was that only 10 per cent believed 
in creationism, while 76 per cent favoured 
teaching both creation and evolution. A 
more recent survey of science students at 
Ohio State University corroborated, with 
80 per cent in favour of both in science 
courses, although students with increased 
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education in biology were less likely to 
concur?!, This suggests that it was not 
creationism, but belief in fair play (or 
perhaps the belief that both are “опу” 
theories, and thus on a par) that is at work. 

Clearly, the creationists pitch their public 
appeal to a widespread cultural belief in fair 
play and equal time for the underdog!'. 
And their campaign must attract support, 
perennially, to the extent that it is able to 
tap perennial conditions such as ‘‘Pluto’s 
Republic” fed by mass education, populist 
distrust of professional politics in 
democracies, a folk-epistemology of 
common-sense empiricism, and simply 
poor scientific education (of the sort that 
especially afflicts America, in part because 
of the erosion of biological curricula by 
creationism). In other words, the ‘‘success’’ 
of creationism may be an artifact of the 
“one-eyed man effect"?, in which 
fervently communicated belief fills a 
vacuum simply in default of any better- 
defended or better communicated con- 
tender. On the other hand, creationism 
itself is parasitic on the distinctively 
Western culture of science, including the 
packed-down science characteristic of 
modern common-sense knowledge. Thus, 
not surprisingly, there is some evidence 
from the counter-mobilization of anti- 
creationists???^ that (just because crea- 
tionism ts likely to appeal to those with an 
interest in and limited knowledge of 
science) members of the public initially 
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disposed to entertain creationism will 
change their minds when confronted with 
a well-argued case for evolution. 


Whither creationism? 

If the events of 1980-82 appeared as a flash 
in the pan, the social forces conducive to 
the creationist movement are perennial. It 
may disappear from time to time below the 
threshold of public perception. It has not 
thereby gone away; though ‘‘monkey 
trials" may not make the headlines, crea- 
tionists are still at work. Upgrading the 
climate, and deflating the protective belt, 
might curtail the disproportionate influence 
of the movement's core; and, 1f it does 
thrive on an outmoded philosophy of 
science, then including the history, 
philosophy, and sociology of science as an 
integral part of science education might ex- 
ert significant deflationary pressure. Some 
might regard attention to the climate of 
“conventional wisdom'' as a mere hobby 
or distraction from real science. However, 
although the conventional wisdom may be 
conventional, it may also embody some 
wisdom and produce some consequences 
for the support of science; and the scien- 
tific community might well ask if concerted 
attention now is not a small price to pay 
in order to avoid future generations who, 
having passed through higher education, 
agree with that 25 per cent of Ohio State 
students who believe that evolution is just 
bunk?! — “еуеп the scientists say 50°. 
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Evolution of tumours and the impact 
of molecular oncology 
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It is generally ЕРЕН that tumours dite through the accumulation of several changes affecting the 
control of cell growth. Recent advances in molecular biology have made it possible to define some of 
these changes in molecular terms and to trace the steps by which certain tumours evolve. | 








FEw would contest the statement that the division and differenti- 


ation of somatic cells in higher organisms are regulated by 
multiple controls. Because cancer develops by the emancipation 
of a single cell from host controls, it probably arises 1n several 
steps. This has been confirmed in a number of ways. Statistical 
analyses of age-incidence curves have suggested three to four 
successive mutation-like changes for leukaemias and six to seven 
for carcinomas (see refs 1, 2 for review). This must be considered 
the minimum, rather than the actual number, as only the rate- 
limiting steps will be detected by statistical analysis. 

Histological, cytogenetic and experimental analyses have also 
confirmed that the natural history of spontaneously occurring 
human and animal cancers 15 usually a multistep process, based 
on the successive emergence of new subclones that replace their 
predecessors as a result of some selective growth advantage? 
The only known exceptions are found in experimental yiral 
oncology. Some of the retrovirus-transduced oncogenes .(for 
example, v-src) can cause tumours in a single step. However, as 
demonstrated recently by Temin?, serial passage ın vivo in the 
laboratory puts the v-onc genes carried by the directly transform- 
ing RNA tumour viruses under selective, pressure. Multiple 
genetic changes that favour transforming and/or tumorigenic 
activity can accumulate in a single oncogene. The same principle 
is illustrated even more dramatically by:the discovery of an 
increasing number of retroviruses carrying two unlinked 
oncogenes that make different products with complementary 
transforming effects. The natural process of spontaneous tumour 
development is quite different. Selection acts on the cell, not on 
a virus This favours single changes in multiple genes. 

Foulds^^ was the first to analyse this process of ‘tumour 
progression". He emphasized that the neoplastic phenotype is 
composed of several ‘unit characteristics’ capable of, wide vari- 
ation and able to reassort independently of each other. Thus, 
the same phenotypic. endpoint can be reached through several 
alternative pathways’. Each progression step may reflect the 
activation, mutation or loss of different genes. Molecular biology 
has opened the door towards their definition. At least three 
major functional groups. can be discerned already. The 
oncogenes represent the first group (for review, see ref. 8). They 
seem to act dominantly in the sense that they can induce transfor- 
mation when transferred to cultured cells. The best-known 
example of this group of genes is the ras family, in which a 
single point mutation can confer tumorigenicity. It is, however, 
unclear whether mutant ras genes act as simple determinants 
in vivo. For example, in tumours from human patients the normal 

` germline ras allele is often lost’. 

Moreover, there is evidence for a second group of ; genes, the 
‘tumour suppressors’ or 'anti-oncogenes', that may have to be 
deleted or functionally incapacitated before a tumour can arise. 
The most thoroughly analysed example of such a gene is rb-1, 
both alleles of which are lost in retinoblastoma tumour cells!?-?, 
It has been, suggested that the rb-1 gene may have a normal 


regulatory function, possibly in the induction of an essential 
step in the terminal differentiation of the tissue! P-!6, Some 
other neoplasms, such as Wilms' tumour, familial renal cell 
carcinoma, neuroblastoma and small-cell carcinoma of the lung: 
(SCLC), seem similarly to require the loss of both alleles of a 
single gene. This evidence for recessive anti-oncogenes 1s con- 
sistent with much earlier reports of the suppression of 
tumorigenic behaviour in hybrids derived from the fusion of 
malignant with normal cells'’-*°, Cytogenetic analysis of such 
hybrids and their high malignant segregants suggests the 
existence, of different suppressor genes on different chromo- 
somes?'?*, There is now evidence that the transforming effect 
of different retroviral oncogenes can be counteracted by different 
suppressor genes. Recently, revertants in vitro of Kirsten-murine 
sarcoma Virus-transformed fibroblasts have been found to sup- 
press ras, fes and src-transformed partner cells, but not cells 
transformed by mos, fms and sis, after somatic hybridization”. 


| ‘Eventually, the suppressor genes may turn out to be as diverse 


as the oncogenes, if not more so. 

The third group of genes that influence neoplastic behaviour 
may be designated: modulators. They do not on their own trans- 
form normal into neoplastic cells, but they modify their spread 
in the organism. They probably constitute a large and 
heterogeneous group. For example, metastatic spread may be 
influenced by the genes of the major histocompatibility complex 
(MHC)?*? and invasiveness by those controlling proteolytic 
and homing mechanisms???'; cellular resistance’ to immune 
rejection?" 33. may also play a part. Here we shall discuss the 
way in which some cancers may develop by a series of different 
steps. We have selected cases in which individual steps have 
been analysed in genetic and/or molecular terms. 


‚ Burkitt's lymphoma and.mouse plasmacytomas 


The Epstein-Barr virus (EBV)-carrying African or high endemic 
form of Burkitt’s lymphoma (BL) provides an interesting 
example of a human tumour that develops in several steps. The 
tumours are derived from cells of the B-lymphocyte lineage that 
15 responsible for the production of immunoglobulin. At least 
three different génetic systems may be, involved.’ The first is of 
DNA-viral rather than of cellular origin. EBV js a highly trans- 
forming agent for human B lymphocytes. Epidemiological 
evidence has shown that an early EBV infection of African 
children at a relatively high multiplicity contributes to the causa- 
tion of the tumour™. This is corfoborated by the discovery that . 

97% of African Burkitt ара саггу multiple copies of the 
EBV genome in all their cells?? 

The second genetic system is of ‘cellular origin, activated by 
chromosomal translocations characteristic of Burkitt lym- 
phomas. With the exception of a single atypical BL-derived 
line?$, all Burkitt lymphomas so far studied have been found to 
carry one of three specific translocations. This applies not only 
to the EBV-carrying African form but also to the,sporadic 
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Table 1 Gene interactions in the development of Burkitt’s lymphoma 





Oncogene or 
transforming gene 


EBV (Three active B-cell activation and 

regions ın transformed immortalization in vitro 

cells) Activation of BCGF production 
Synthesis of EBNA and LYDMA 


Documented effect 


Autocrine stimulation BCGF 
dependence, also reflected by 
clumping and low agarose 
clonability. Limited freezing of 





Hypothetical effect 


In vitro In vivo 


Creates latently infected B cells, 
dépendent on and responsive to 
B-cell growth factor and susceptible 
to immune control. 


maturation; some terminal 
differentiation does occur or 
can be induced. 


Juxtaposition to an 
immunoglobulin locus by 
chromosomal translocation leads 
to constitutive myc expression 


Activated myc 


Ability for BCGF independent 
growth, with or without maintained 
responsiveness, also reflected by high 
agarose clonability and growth in 


Decreased dependence on positive 
growth signals from the outside 
Resistance to differentiation 
1nduction? 


single cell suspension. Switched on 
myc drives cell division 'from 


within’? 
Changed growth factor or 
differentiation factor receptors? 


Transformation of NIH 3T3 
fibroblasts 


Activated ras and/or 
Blym?* 


May act in complementary or 
synergistic fashion with activated 
myc 





* Activation of these genes has only been demonstrated in some long-established in vitro lines 


non-endemic cases that occur all over the world. The transloca- 
попѕ act by juxtaposing c-myc to one of the three 
immunoglobulin loci, normally active in B lymphocytes, with 
the result that the oncogene is constitutively activated (see ref. 
37 for review). It is possible that a third oncogene system may 
be involved as well. it has been reported that NIH 3T3 fibroblasts 
can be transformed with DNA from BL-derived sequences that 
are related neither to EBV nor to myc. The identity of the 
transforming DNA 1s currently controversial. There is some 
evidence for activation of a ras gene and of Blym?*?. 

How do these genes interact in generating Burkitt's lym- 
phoma? EBV 1s a uniquely potent immortalizing agent for 
human B cells. Three regions of the viral genome (LT-1, 2 and 
3) are regularly transcribed in immortalized cells?" The LT-1 
region seems to be necessary for inducing the first activation 
step that is followed by a chain of events leading to indefinite 
proliferation in the normal B lymphocyte: an EBV substrain in 
which the LT-1 region has been deleted cannot activate and 
immortalize normal lymphocytes*!, The protein product of LT-1 
is a DNA-binding nuclear protein of relative molecular mass 
81,000, designated EBNA-2 (refs 42-44). A second nuclear 
antigen, EBNA-1, which was identified earlier, is encoded by 
the LT-2 region?. Repression of the lytic cycle, a prerequisite 
for the continuous proliferation of the virally transformed B 
lymphocyte, may require the interaction of EBNA-1, EBNA-2 
and some B-cell specific cellular constituent 6. 

Recent experiments of Gordon et al^" suggest that at least 
part of the immortalizing effect of EBV on the B lymphocyte 
results from the activation of an autocrine loop (for a recent 
review of autocrine activation see ref. 48). Both the EBV-trans- 
formed B-cell lines of normal origin (LCL) and the tumorigenic 
BL lines release B-cell growth factor (BCGF), but although 
LCLs are dependent on it, BL cells are not. Some BL lines are 
responsive, but others have lost their responsiveness?. The 
course of events is strongly reminiscent of earlier studies on 
tumaurs in hormone-dependent tissues where a ‘conditioned 
tumour’, initially dependent on the hormonal imbalance that 
generated it, later becomes independent of the hormone and 
eventually unresponsive to 1050. 

If EBV is responsible for the immortalization of BL cells, 
what does the myc/immunoglobulin translocation contribute to 
tumorigenesis? In the typical translocations, the myc oncogene 
breaks at its non-coding 5'-end, or at variable distances upstream 
of :t?'-9, The coding exons of the gene are transposed to the 
chromosome containing the immunoglobulin heavy-chain 
genes, head-to-head with the immunoglobulin gene. In contrast, 
the variant translocations (those involving the immunoglobulin 


light-chain genes) break the chromosome below the tail end of 
the gene$^95. In these cases, therefore, c-myc remains in its 
onginal location with the constant region of the « or the A 
light-chain attached to it, in a head-to-tail orientation. Despite 
these differences, all three translocations activate myc transcrip- 
tion constitutively. The importance of this activation and the 
intactness of the myc protein is stressed by the fact that the 
coding second and third exons of c-myc are always intact, despite 
the considerable variability of the translocation breakpoint in 
and around the gene. This variability and the equally large 
variation in the translocation breakpoints within the 
immunoglobulin genes also implies that no single enhancer or 
promoter can be responsible for myc activation in all or even 
most of the tumours. This may suggest that what 1s important 
is the active state of the chromatin, rather than single specific 
sites$^9", 

Early interpretations of the mechanism whereby the c- 
myc/immunoglobulin juxtaposition contributes to the 
tumorigenic process included claims of abnormally high tran- 
scription rates, abnormal transcript size, changed promoter use, 
mutations® and changed translational control. Each claim has 
been documented for some tumours, either in the BL or in the 
closely analogous mouse plasmacytoma (MPC) system, but 
none was found to apply to all or even most of the tumours. 
Perhaps there are several ways of activating c-myc, and no 
unifying mechanism exists. Alternatively, the crucial event may 
be more subtle than a relatively crude quantitative or qualitative 
change. The current concept is dysregulation. The idea is that 
the immunoglobulin-juxtaposed myc gene has become subject 
to cis control by the constitutively active immunoglobulin region 
and must therefore behave as if it were part of the 
immunoglobulin locus itself. The transcription of the normal 
тус gene is associated with competence for cell division *"!: 
in terminally differentiating cells c-myc transcription ceases”. 
Mature plasma cells continue to produce immunoglobulins, 
however, and an immunoglobulin-juxtaposed myc may be 
similar. This would keep the cells in continuous division. 

Although there is no direct evidence for this hypothesis, it is 
supported by comparative studies on the behaviour of the trans- 
located myc gene and its normal allele in MPCs and BLs. It 
has been found repeatedly in both systems that the translocated 
gene is highly transcribed whereas its normal counterpart is 
switched off”*-”*, This is compelling evidence for the differential 
regulation of the two genes. 

The BCGF-independence of the BL-cells may result from the 
locking of the immunoglobulin-juxtaposed myc-gene in a con- 
tinuously active position. It may act as a ‘pacemaker’ from 
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Table 2 Expression of three oncogenes in three different tumours of the B-cell lineage, induced by Abelson virus, with or without mineral оп 








v-abl 
Tumour Inducing agent Cell type expression c-myb c-myc Karyotype 
ABLS Abelson virus Pre-B +++ Normal Normal Normal diploid 
ABPL Abelson-+oil B? - +++ Normal No translocation 
f rearranged 
ABPC Abelson-Foil Plasma cell +++ Normal +++ 12;15 or 6315 
1 rearranged 


(After the data of Mushinski and Potter et 2188-92 у 


within, prompting the continuous re-entry of the cells into the 
cycle, thereby obviating the need for exogenously supplied 
BCGF. 

Pending further definition of the third oncogene and clarifica- 
tion of the important question of whether the DNA of tumours 
in vivo has the transforming activity that has been reported in 
the DNA of established BL lines, ıt may be noted that transform- 
ing ras genes with the characteristic point mutation have recently 
been isolated from certain experimental lymphomas?". The 
mutant ras gene is believed to transform fibroblasts by inducing 
anchorage independence; but lymphocytes are inherently 
anchorage independent, so if mutant ras genes do play a part 
in the aetiology of BLs, it must be by some other mechanism. 
The attachment of the ras protein to the inner surface of the 
plasma membrane prompts speculations on membrane rear- 
rangements that may interfere with the normal receptor organiz- 
ation and/or the transmission of growth and differentiation 
controlling signals. 

In the natural history of African BL, EBV-transformation of 
the target cell is probably the first event??. The environmental 
co-factor, perhaps chronic hyperendemic malaria*®’, may act by 
increasing the size of the target cell population. Because the 
EBV-infected B cell is longer-lived than its EBV-negative 
counterpart, it may undergo a larger number of divisions before 
being eliminated by terminal differentiation or by immunological 
mechanisms. The probability of all genetic aberrations increases 
with the number of cell divisions, including the risk of the 
myc/immunoglogulin juxtaposition. Heavy malarial infection 
may facilitate the development of the lymphoma in a dual 
capacity: polyclonal B-cell activation and T-cell immunosup- 
pression Table 1 is a schematic summary of our current view 
of the genesis of BL. 

It is instructive to compare the course of events leading to 
BL with those culminating in the development of a mouse 
plasmacytoma. Molecular studies have confirmed our original 
suggestion? that MPC and BL carry homologous translocations 
that involve the activation. of the same oncogene by an 
immunoglobulin locus. The close homology ofthe translocations 
in these two tumours is remarkable, because their natural history 
is very different. MPC originates from mature plasma cells, 
whereas BL arises from a relatively immature B cell, producing 
the mainly surface rather than the secreted form of 
immunoglobulin?. The human counterpart of mouse plas- 
macytoma is multiple myeloma, whereas the mouse equivalent 
of BL is B-cell lymphoma; these cells do not carry similar 
translocations. What then could account for their regular appear- 
ance in BL and MPC? A possible common denominator in MPC 
and BL is a long preneoplastic period in which the cells are 
chronically stimulated. Intraperitoneal granuloma induced by 
mineral oil is a prerequisite for МРС whose development can 
be prevented by hydrocortisone which inhibits the formation of 
the granuloma In BL, a functionally analogous chronic stimula- 
tion may be provided by the combination of EBV and chronic 
hyperendemic malaria. 

No virus is known to be involved in the development of MPC 
and the BCGF-mediated autocrine loop may be missing. Note, 
however, that the mineral oil-induced MPCs are often not trans- 
plantable unless the syngeneic recipients carry an oil granuloma 
similar to that in the original host. This suggests that constitutive 


activation of myc is not sufficient to produce a fully autonomous 
neoplasm in a single step. Therefore, it is of interest that several 
secondary changes have been repeatedly found in some MPCs. 
They include a 6;10 translocation that leads to the juxtaposition 
of C-« and an unknown single-copy gene? or the activation of 
the c-mos oncogene by the insertion of an intracisternal A 
particle®*®’ and a variety of other changes (see ref. 88 for review). 

These secondary changes have been found in long-propagated 
lines of mouse plasmacytomas and may thus reflect changes in 
the tumour in culture. There is, however, one interesting example 
of an interaction occurring at the inception of the tumour. The 
induction of primary plasmacytomas can be facilitated greatly 
by the parallel administration of Abelson virus and mineral 
oil.5*, The latency period ıs reduced and the frequency of plas- 
macytomas in the susceptible BALB/c strain increased. Abelson 
virus carries its own oncogene (v-abl). In the resulting tumours, 
the v-abl gene is transcribed at high levels, in parallel with the 
appearance of the typical 12;15 or the variant 6;15 transloca- 
tion?, The same treatment (combination of Abelson virus and 
mineral oil) also induced some plasmacytoid lymphosarcomas 
(ABPL), but they show a different pattern of oncogene activa- 
tion. Mushinski et a1??? have shown that these tumours carry 
rearranged activated myb genes, with a long terminal repeat 
(LTR) from a murine leukaemia virus inserted at the 5' end of 
the oncogene. The LTR seems to be derived from the Moloney 
helper virus. The v-abl oncogene is not usually expressed, nor 
is there any myc activation by translocation in these tumours. 

These findings are summarized in Table 2. They are contrasted 
with the Abelson virus-induced pre-B-cell lymphomas in which 
v-abl is highly transcribed, but with no anomalies of c-myb or 
c-myc transcription. These experiments suggest that the transfor- 
mation of cells in different stages of differentiation in the same 
lineage is brought about preferentially by different oncogenes. 
A similar situation may prevail in some of the lymphomas and 
the leukaemias of the human B-cell series. In Burkitt lymphoma 
and the closely related  B-cell-derived acute lymphatic 
leukaemia, the myc oncogene is activated by its juxtaposition 
to one of the immunoglobulin Joci. In contrast, other B-cell 
tumours may carry 14q markers generated by the attachment of 
other chromosome pieces to the IgH region of chromosome 14 
(ref. 93). Recently, Croce's group has analysed the relatively 
common 11;14 and 14,18 translocations at the molecular level. 
They have identified two new potential oncogenes, designated 
bcl-1 and bcl-2, derived from chromosomes 11 and 14, respec- 
tively 9. 


Small-cell lung carcinoma 


The recent work of Minna's group has interesting implications 
for the progression of small-cell or oat-cell carcinoma (SCLC) 
of the lung???5. SCLC exists in a typical relatively low malignant 
form and in a highly malignant variant form (v-SCLC). Three 
types of genetic change are found in this system. Most of all 
the tumours examined have a deletion in the short arm of 
chromosome 3. Shortest-region-overlap analysis has localized 
the consistent change to a small area (3p14). It may be significant 
that this region coincides with the breakpoint in two transloca- 
tions associated with renal carcinoma (3:8 and 3;11)??*. It also 
corresponds to the approximate localization of the raf 
oncogene”. The SCLC-associated deletion arises by a somatic 
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change and 1s not present in the normal cells of the patient. 
Although the deletion 1s visible only in one of the two 
homologous chromosomes, analysis by restriction-fragment- 
length polymorphism has revealed a deletion in the other 
chromosome 3 in the tumour cells of heterozygous patients 
(J. Minna, personal communication). This 1s consistent with 
Knudson's hypothesis that some tumours develop only after 
the loss of both alleles of a single gene. 

Activation of a ras oncogene by point mutation is the second 
type of genetic change in SCLC'-'9?. It is only found in a few 
cases, however, and its significance is therefore less clear 

The third genetic change is the most interesting in the sense 
that its phenotypic consequences are the easiest to interpret. In 
~20% of SCLC tumours, or cell lines derived from them, c-myc 
ог N-myc is amplified 20-80-fold, with substantially increased 
transcription. This change is regularly associated with the variant 
v-SCLC phenotype (ref. 95, J Minna, personal communication). 
Such variants have increased cloning efficiency, shortened doub- 
ling times, decreased expression of differentiation markers and 
decreased adhesiveness compared with the typical tumour. In 
the patient, v-SCLC 1s more metastatic and has a poorer prog- 
nosis than the typical form. Occasionally, progression from the 
typical to the variant form can be observed ın the same patient 
The variant appears as a morphologically different subtype in 
the original tumour or in one or several metastases. 

The amplification of myc in SCLC is often associated with 
the appearance of double minute chromosomes, ог 
homogeneously staining regions that do not necessarily corre- 
spond to the original location of the amplified gene and whose 
locations may vary between tumours. In one case, cells from 
different metastatic sites in the same patient all had amplifica- 
tions of the same myc gene, but in different arrangements. 

These findings strongly suggest that the amplified genes can 
be very labile and that amplification of either c-myc or N-myc 
plays an important and perhaps decisive part in the transition 
of low malignant SCLC to the highly malignant’ variant 
phenotype. Moreover, the postulated double loss of one gene 
by deletion and the concurrent amplification of a myc gene 
strengthens the analogy with retinoblastoma in view of the recent 
demonstration of N-myc amplification in the latter ѕуѕіет!!. It 
may also be noted that Minna's findings suggest, for the first 
time, a functional analogy between c-myc and N-myc. 

The amplification of myc has also been found in other types 
of tumour, the promyelocytic leukaemia line HL60 being a 
particularly well-known example!?. This continuously growing 
cell line shows an extraordinarily high level of c-myc transcrip- 
tion, which, however, can be turned off very rapidly when the 
cell is induced to differentiate". Amplification of myc has also 
been found in various solid human tumours’ and in transplan- 
ted rat hepatomas'?. In neuroblastoma, N-myc amplification 
appears in stage III and IV tumours and may be related to 
tumour progression’™. Recently, we have found amplification 
of c-myc in a highly malignant plasma cell leukaemia, but not 
in the less malignant multiple myelomas!?". 

It may be more than a curiosity that Bishop's group has 
detected amplification of c-mye 1n a 25-year old, originally 
polyoma-induced ascites tumour, SEWA'?, Double minute 
chromosomes were first discovered in this tumour'^?, they carry 
amplified c-myc sequences. 

These divergent examples raise a number of intriguing ques- 
tions about the roles of the myc genes 1n the oncogenic process 
and in tumour progression; v-myc is the only known virally 
carried oncogene that can induce tumours in all three major 
tissues: epithelial, mesenchymal and haemopoetic. similarly, 
c-myc activation by retroviral insertion in the chicken bursal 
Iymphoma''? and by chromosomal translocation іп MPC and 
BL represent early events in the history of these tumours. By 
contrast, amplification is usually a late event that occurs during 
the progression of established tumours. 

Transcription of myc is switched on when the cell cycle is 
activated in both lymphocytes and fibroblasts/?"!, If myc plays 
a key part in this activation it 1s not surprising that the constitu- 
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tive activation of the gene by viral or cytogenetic accidents that 
bring it under the cis control of highly active regions may keep 
the cell continuously in cycle. This could happen in cells of 
many different types. It may be the first step 1n the chain of 
events that lead to tumour development, or a late step that 
prompts malignant progression of established tumours. This 
also implies that permanent activation of a myc gene ought to 
change certain non-tumorigenic cell lines that have the appropri- 
ate genetic constitution to tumorigenic variants. This has been 
demonstrated experimentally by Keath et аі!!! Rat fibroblast 
variants that became tumorigenic after transfection with 
appropriate myc constructs showed none of the usual morpho- 
logical changes of transformed cells, and did not acquire high 
agarose clonability, but they did have a diminished requirement 
for serum. In these cells, the transfected gene was expressed at 
high levels whereas the normal c-myc allele was silent, just as 
the translocated c-myc gene is active and the normal allele silent 
in MPC and BL. 


Progression never reaches an endpoint 


The clonal evolution of tumour cell populations proceeds 
through the sequential selection of variant subpopulations from 
a common progenitor! ?-!^, New variants may arise at any 
time; some of them nave a selective growth advantage over 
earlier forms This process may be accelerated by the genetic 
instability of tumour cell populations, reflected by the high 
frequency of mitotic errors and variation of genetic markers 
This instability may become more pronounced as the neoplasm 
evolves (see ref. 5 for review). 

This process can be particularly clearly seen in the chromo- 
somal evolution of chromic granulomatous leukaemia (GGL) 
carrying a characteristic chromosomal translocation giving rise 
to what is known as the Philadelphia (Ph!) chromosome!!*!!6 
During the early, chronic and relatively benign stage of the 
disease the precursor pool for the entire granulocyte, eryth- 
rocyte- and thrombocyte-forming bone marrow is taken over by 
asingle clone of cells carrying the Ph! chromosome!"", Occasion- 
ally, it may involve part of the bone marrow-derived (B) lym- 
phocyte series as well. The Ph! (2247) chromosome arises most 
frequently by a 9;22 translocation. In a variant minority, the 
exchange seems to involve chromosome 22 and virtually any 
other autosome. 

When it was first discovered, the significance of the Ph' 
translocation was unknown. More recently however, as with the 
translocations characteristic of BL, it has become possible to 
look for an interpretation in terms of oncogene activation. In 
particular, the c-abl ancogene, which is located on the tip of 
chromosome 9, is regularly transposed to the deleted 2247 
chromosome in Ph'-positive CGL''*"!?, It is particularly sig- 
nificant that this happens not only in the typical 9,22 but also 
in the variant translocations!” where the deleted distal arm of 
chromosome 22 moves to another autosome, not 9. The fact that 
c-abl moves also from 9 to 22 in these cases implies that three 
chromosomes are involved in the variant translocations The 
consistency of the abl transposition greatly increases the proba- 
bility that it is significant in tumorigenesis 

The molecular analysis of this transposition is still at an early 
stage. On chromosome 9, the breakpoint is immediately 
upstream of, or within, the c-abl опсовепе!2!. On chromosome 
22, the breakpoints are clustered within a limited 5-8-kilobase 
(kb) region, designated Бсл!22, Little is known about the level 
of expression, except the interesting fact that a new 8-kb abi 
RNA transcript can be found in Ph! + CGL, whereas the 6- and 
7-kb transcripts found in normal haematopoietic cells are 
absent, The functional significance of the transposed abl- 
carrying 2297 chromosome, rather than the reciprocal 9q* frag- 
ment, is supported indirectly by the finding that K562, a CGL- 
derived, originally Ph! + erythroleukaemia line, has amplified 
the chromosome carrying the transposed abl gene and its 
immediate surroundings, but not the reciprocally translocated 
sis-oncogene, located on chromosome 22 distally of the Ph! 
breakpoint!” 
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The appearance of the Ph' chromosome is the first clearly 
definable step іп the development of Ph! + ССІ. Therefore, its 
initial action must occur during the early chronic phase of the 
disease, which has a median duration of 3 years. It usually 
precedes a second or acute phase, characterized by decreasing 
cell maturity and increasing blast proliferation. The transition 
from the chronic to the acute phase is often accociated with 
further nonrandom chromosomal changes'™*. The most frequent 
secondary events are the appearance of a second Ph! chromo- 
some, or an additional chromosome 8, or an additional long 
arm of chromosome 17. Note that the trisomy of the c-myc- 
carrying chromosome 8 is the commonest trisomy in all human 
haemopoetic disorders, ranging from 
myeloproliferative diseases to acute leukaemia ^. This may be 
more than a coincidence, particularly if considered together 
with the fact that trisomy of chromosome 7 1s the commonest 
chromosomal change in Rous sarcoma virus-induced rat 
tumours? and trisomy of chromosome 15 ıs the commonest 
and often single chromosomal anomaly in mouse 
leukaemia'76-73, The c-myc gene has been localized to chromo- 
some 7 in the rat!” 130 
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and to chromosome 15 in the mouse”. 


Immunology of host-tumour relationship 


Widely polarized views prevail on the question of immune 
responses to tumours. At one extreme, they are believed to play 
a crucial part in protecting the host against neoplastic growth. 
At the other, they are regarded as virtually non-existent. The 
unfortunate tradition of considering this important problem in 
all-or-none terms often prevents a more discriminative analysis. 

The probability of efficient immune rejection varies depending 
on the mode of tumour induction. It should be considered 
separately for tumours induced by DNA tumour viruses, those 
resulting from retrovirus insertion near a cellular oncogene, and 
tumours arising from oncogene activation by spontaneous or 
induced changes in cellular DNA. We shall consider each case 
in turn. 

(1) Oncogenic DNA viruses carry their own transforming 
genes. This is why transformed cells of this category provide 
the best targets for host immune surveillance!?!, The evidence 
for such surveillance is indirect and can best be seen for man 
in the case of EBV. The immune mechanisms that normally 
suppress tumorigenesis by EBV are unknown. But it is clear 
that tumours develop only in special circumstances, for example 
in patients with relatively grave combined forms of congenital 
or acquired immunodeficiency. At least some of the fatal 
mononucleosis cases may belong in this category. The X-linked 
lymphoproliferative syndrome"? arises by the proliferation of 
EBV-carrying lymphoid cells in patients who lack virtually all 
T-cell activity, have no natural or interferon-activable killer cells 
and little or no immunoglobin?* ^, Organ transplant recipients, 
who have a more restricted immune defect, also develop EBV- 
carrying lymphoproliferative Іеѕіопѕ!25!36, 

An interesting but unresolved question arising in connection 
with these tumours is whether they carry the chromosomal 
translocations characteristic of Burkitt lymphomas. Such trans- 
locations have now been found in EBV-carrying Burkitt lym- 
phomas arising in patients with acquired immune deficiency 
syndrome (AIDS)!*°. By contrast with Burkitt’s lymphoma, 
which is typically a disease of childhood, Burkitt lymphomas 
associated with AIDS arise in adults between 20 and 40. The 
implication is, therefore, that EBV-positive, translocation carry- 
ing ‘BL candidate’ cells may arise at any time of life, but in 
normal immunocompetent individuals they will be eliminated 
by immune rejection. The immunosuppressive factor in the 
African childhood BLs may be chronic malaria?', Although 
T-cell mediated immune responses have been clearly demon- 
strated in the case of EBV-carrying BLs'**’°°, there is no 
evidence for any host response against EBV negative BLs that 
carry the same translocations as the EBV positives, nor do they 
show the occasional spontaneous regressions or the ready cura- 
bility by chemotherapy that is characteristic for the EBV- 
carrying and prognostically more favourable counterparts 


relatively benign - 
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Note in this connection that the increase in malignant disease 
in congenitally or iatrogenically immunosuppressed patients is 
limited to a small and rather unusual group of tumours, such 
as lymphomas and other lymphoproliferative diseases, Kaposi’s 
sarcoma, skin papilloma and carcinoma!?”"°, It would not be 
surprising if most, if not all, of these tumours turned’ out to be 
DNA-virus related. EBV has already been found in most of the 
lymphoproliferative lesions іп immunodefectives!??:!35-'38, 
Cytomegalovirus is suspected in Kaposi’s sarcoma‘ and papil- 
loma viruses may be partly or fully responsible for the skin 
tumours!*. 

(2) There is increasing evidence for cellular oncogene activa- 
tion by retroviral promoter or enhancer insertion''® as a mechan- 
ism of tumorigenesis. Its relevance has been demonstrated for 
a variety of avian and mammalian tumours. Only a small part 
of the retroviral genome is required for the activation of the 
adjacent cellular oncogene, and that region contains only the 
regulatory LTR: it has no coding function. Although DNA 
encoding some of the viral proteins (gag and env) may also be 
present, the proteins are not necessary and may even be disad- 
vantageous for oncogene activation because they provide poten- 
tial targets for the immunological reponse of the host. Given 
that the protein-coding regions of the virus may be lost while 
the transformed phenotype of the cell is maintained, it is not 
surprising that immune rejection of tumour induced by RNA 
tumour viruses is unpredictable. 

(3) Activation of cellular oncogenes by nonviral mechanisms 
such as point mutations, DNA rearrangements, gene amplifica- 
tion and chromosomal translocations, is probably the basis for 
most of the spontaneous tumours. The transforming oncogene 
products are either normal or only slightly modified cellular 
proteins. It is difficult to see how they could provide a rejection 
target for the immune system. It is at least possible that a mutated 
ras protein with a changed amino acid at position 12 or 61 could 
be antigenic, but this has not yet been demonstrated. 

Thus, it seems that specific immune recognition and rejection 
of antigenically foreign tumour cells is largely restricted to virally 
induced tumours, and in particular to those caused by DNA 
viruses. There is increasing evidence, however, that rejection by 
specifically sensitized T cells is only one of several effector 
mechanisms that can counteract neoplastic target cells. Another 
example is provided by natural cytotoxicity that can play a 
significant role in protecting the host against the metastatic 
growth of disseminated tumour cells!^!^*, Natural killer (NK) 
cells can kill sensitive tumours without having been immunized 
against specific antigens on the target cell surface. Their action 
is not restricted to virally or chemically induced neoplasms, 
although different tumours differ in their NK sensitivity. NK 
cells may be scavengers that can recognize and eliminate 'dis- 
placed' cells that have wandered outside their natural homing 
boundaries. Cells in which the expression of ‘self? markers 
encoded in the MHC is reduced are particularly sensitive 
targets?é. It is intriguing that diminished expression of MHC 
class I antigens can enable tumour cells to avoid rejection by 
specifically sensitized MHC-restricted cytotoxic T cells, but 
increases the probability of their elimination by NK cells. Con- 
versely, there is evidence that an increased expression of MHC 
antigens in mice may increase metastasis?" 7??? This, then, is 
a case in which a quantitative change in a universally occurring 
cell surface marker can either enhance or inhibit tumour pro- 
gression. 


Future of molecular oncology 


In his classical paper on tumour progression*, Foulds empha- 
sized that most tumours develop by stepwise changes in many 
independent characteristics. The independent assortment of 
these characteristics leads to the many individual variations in 
the biological properties of tumours. Foulds stressed the need 
for a factorial analysis of the complex tumour phenotype. The 
advent of modern molecular biology has made such an analysis 
possible. We are at the threshold of a previously unknown world 
where oncogenes, antioncogenes and other cellular genes inter- 
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act within complex regulatory circuits. Thanks to the recombina- 
tional accidents of the retroviral lifestyle, we now have access 
to the dominantly acting oncogenes as an unexpected gift from 
viral/oncology. So far, we have learned much at the level of the 
DNA sequence, something of transcriptional regulation, and a 
little of the mechanisms whereby the oncogene products can 
change cellular behaviour. At least two other worlds of genes, 
so far less conspicuous, remain unexplored. The suppression of 
tumorigenicity in hybrids between normal and malignant cells 
and the regular loss of both alleles of a single gene in the genesis 
of such tumours as retinoblastoma or Wilms’ tumour suggest 
the existence of other, probably quite heterogeneous gene 
families, tentatively designated anti-oncogenes or tumour sup- 
pressor genes that may counteract the expression of the 
tumorigenic phenotype. There may be also special safeguards 
to prevent the inadvertent activation of particularly dangerous 
oncogenes, as illustrated by the example of c-mos!^, which is 
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never transcribed in normal cells and even a low level of tran- 
scription seems to be sufficient for neoplastic transformation. À 
5’ flanking sequence prevents the downstream activation of the 
gene in the mouse. The human c-mos gene shows an even more 
drastic change, a gap in the middle that may prevent activation 
altogether. These and other existing hints indicate that evolution 
may have fixed a whole variety of protective mechanisms that 
may cis- or trans-regulate the expression of activated oncogenes. 
A third and probablv even more widely diversified world of 
genes is not directly 1nvolved in the initiation of neoplastic 
transformation or in the protection against it, but can neverthe- 
less-affect the phenotypic properties of established tumours in 
a prognostically important way. Proteolytic mechanisms that 
contribute to invasiveness, changes in ‘homing markers’ that 
can influence the neoplastic colonization of distant organs, and 
changes in the ability of tumour cells to induce or to succumb 
to an immune response fall into this category. 
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Isotope analyses of ocean island basalts have demonstrated the existence of regional geochemical provinces, the Indian 
Ocean being distinguishable from the North Atlantic and Pacific oceans. Equivalent analyses of basalts from the South-West 
Indian Ridge now indicate that the upper mantle under the Indian Ocean also has a distinct isotope composition. Thus, 
the upper mantle itself must be composed of several discrete provinces which may relate to the convection pattern. 





INTERPRETATION of isotope variations observed in basalts 
from mid-ocean ridges (MORB) is used currently to infer the 
structure of the upper mantle and the processes acting at ridge 
crests' ?, Studies of the Mid-Atlantic Ridge (MAR)^S, the East 
Pacific Rise (EPR)? and Juan de Fuca and Gorda ridges'® have 
shown that the isotope results for MORB from these three ridges 
define common linear correlations in the Pb/Pb, Pb/Sr and 
Sr/Nd diagrams. These ‘MORB’ alignments are often inter- 
preted as evidence of mixing between two types of mantle 
sources under the ridges. The first source is convecting asthenos- 
pheric material, corresponding to the 'depleted values', less 
radiogenic for Pb and Sr and more radiogenic for Nd, whereas 
the second is composed of blobs thought to be the source 
material of ocean island basalts and is characterized by more 
radiogenic Pb and Sr and less radiogenic Nd compositions. This 
model is based partly on the fact that isotope results for islands 
of the North Atlantic and East Pacific oceans extend the MORB 
alignments for these oceans in all the diagrams*!!- P, 

The study of the Indian Ocean allows an interesting test of 
this model, because it has been demonstrated!*!^'? that Indian 
Ocean islands have isotope compositions which are not on the 
extension of the Atlantic and Pacific MORB alignments in the 
Pb/Sr diagram. Dupré and Allégre'> have given preliminary 
results for MORB samples of the Carlsberg Ridge which suggest 
that such a regional characteristic of the Indian Ocean is also 
found in ridge products; the present study of the South-West 
Indian Ridge (SWIR) further documents this. і 

The SWIR is interesting because two hotspots, the 1sotope 
compositions of which have already been determined, are very 
close to it: Bouvet!*!5, on the south-west extremity, and Marion- 
Prince Edward (S. R Hart and A. J. Erlank, manuscript in 
preparation), on the centre of the ridge. Le Roex et al! have 
measured Nd and Sr isotope compositions of samples from the 
south-west part of the SWIR, whereas we report here the Pb, 
Sr and Nd isotope results for the north-east part. 


Samples 


The samples from the SWIR analysed here were collected during 
the MD34 cruise of the RV Marion Dufresnes in February 1983. 
Eight dredging locations were spaced regularly from the Atlantis 
fracture zone (57 °E) (at 13? longitude from the Rodriguez triple 
junction) to the Prince Edward fracture zone (35 °E). The ridge 
rises continuously from depths of ~ 4,000 m at the triple junction 
up to the swelling where the islands of Marion and Prince 
Edward emerge near the ridge. This bathymetric swelling also 
corresponds to the convergence of the Madagascar plateau to 
the north and the Crozet plateau to the south-west (Crozet Island 
itself being 770 km from the ridge at this point). 

The dredges were all performed in the axial valley, clearly 
identifiable by its magnetic signature. The centre of each ndge 
section delimited by major fracture zones was chosen for samp- 
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Fig.1 Bathymetric chart of the Indian Ocean showing the location 
of the height dredges of the MD34 Marion Dufresnes cruise. 


ling (Fig. 1). The dredge D8 (62 °E) yielded only serpentinites, 
but in all other cases variable amounts of basaltic glasses were 
obtained ў 

Two samples from the MAR have been added to this set of 
samples, to assess the differences between the two oceans. Both 
samples are from the Kane fracture zone region, which has given 
some of the least radiogenic Pb and Sr isotope results”’*. One 
of these samples (AII 96 18-1) had already been analysed for 
Sr and Nd by Machado et al.'*. 


Analytical procedures 


Between 100mg and 700 mg of glass was chosen, using a 
binocular microscope to eliminate amy pieces of basalt with 
visible signs of alteration, encrusted sediments or plagioclase 
phenocrysts. Pb, Sr and Nd separations were performed using 
the standard procedures of Manhes et а1!9, Birck and Allègre” 
and Richard et al?!, Powders obtained by crushing millimetre- 
sized pieces of glass in a boron carbide mortar were leached in 
6 M HCI before dissolution, to remove marine Sr contamination. 

Pb, Sr and Nd isotope compositions have been determined 
sometimes on the same powder sample. Pb was first separated 
in 0.5 M HBr solution after dissolving the powder in HF and 
HBr; fluoride residues were next eliminated by dissolving in 
НСІО, and evaporation before Sr and Nd separations. Blank 
levels and standard calibrations are shown in Table 1. 
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Table 1 Pb, Sr and Nd isotope data for SWIR glasses 
Sample Location Depth (km) 206pp /204 pp 207pp /204рь 208 pp /204pp 87Sr/86Sr 3 d/'4Nd 
Di 31°41.6'S. ' 4,050 17 554+ 12 15.433 +15 37 289 = 46 07027542 0 513081 +20 
57°50.5' Е, 17.497 +18 ‚ 15.399 £16 37.181= 51 0.70276 + 2* : 
D2 33°45.3'S 3,800 18.1144 18 15.505 +26 37.839=65 0.70269 + 1* 0.512981 + 22 
56°%16.4' E . i : ` 0.70269 +2 0.513001 + 28 
D3 37°42 6'S ' 3,260 18.137411 15491415 37.894—48 0.70269 £3 
49*52.9' E 
D4 40°59 0'S , 3,700 17.767 +12 15.467 + 16 37.641 = 49 0.70293 +2 0 513068 +34 
43°42.0 E 17.76115 15.468 + 18 37.624 — 60 0.70299 +3 
DS 43°53.6' S 2,550 16.959 + 17 15.490+20 37.312=65 0.70475 + 3* 0 512448 +60 
40°39.2' E 16 927+ 13 15.504 16 37 320=48 0.70470 +3 
D6 44°10.8'S 2,190 18.373 x11 15.509 x14 38 096 =: 46 0.70280 + 3* 0.513071 54 
3847.7 E 0.70281+2 
D7 44°48.4'S 1,500 18.237 + 13 15.499 15 37976=47 0.70280 +3 0.513041 +26 
36718.1' E. 
D8 28°44.4' S ' 5250 ` 18362417 15 5853-17 38.050 3-55 0 7078142 
62°%2.0 E 18.330€ 13 15.612 + 16 38.107 + 53 0.70699 +5 
Residue 18 327 15.561 37.835 
leaching 18.302 15.597 38.195 
CH77 23°42' N . 4,200 18 141: 13 15,456 + 16 37.5144 49 0.70230 + 3* 0.513203 +36 
DR04 106 45°26 W : 
AII 96 23°31 5' N 18.015 +15 15.463 + 18 . 37438451 0.70233 +3*+ 
44°49 № : 





Pb isotope results are calibrated against SRM 981 measurements, with a discrimination factor of 0.1% per mass unit Errors are 1c uncertainties 
taking into account the uncertainty of this discrimination correction? Pb concentrations have been determined in most cases using а 7°°Pb spike, 
and range from 290 to 700 parts per 10° (except for the serpentinite D8, 50 parts per 10°). Sr isotopes are measured with a CAMECA double 
collector The results are calibrated against the NBS 987 standard, whose measured value ts 0 710254 x: 2 (23 measurements) The results are then 
corrected to the 0.71015 value previously measured with a single collector spectrometer. Errors are 20 on the mean uncertainties. Duplicates are 
separate determinations on different glasses from the same dredge. Nd isotopes are measured with double filament technique with H,PO, loading. 
The results are calibrated against a Johnson Mattey 321 standard, whose measured value ts 0.511959 + 8 (11 runs). Pb blanks are controlled routinely 
and are always «0.7 ng (the blank correction is then much lower than uncertainties within the run). Sr blanks are <1 ng; Nd blanks are «0.1 ng. 


* Pb/Sr/ Nd analysis on the same dissolution 
t Value from Machado et alè: 0.70233 x3. . 


Results 


Pb/Pb diagrams. As already found for other ridges, the Pb 
isotope results are correlated positively in both ?"pp/?9^pp 
against *°°Pb/?™Pb and ?95pp/?"pb against 206pp/20*pp 
diagrams (Fig. 2). The dredge D5 is an exception and will be 
discussed later. 

The most salient feature of these results is that the least 
radiogenic extremity of the Pb/Pb correlations of the SWIR is 
clearly different from that obtained for the Pacific and Atlantic 
oceans: these values are less radiogenic for ?9Pb/??^pb (17.5) 


but comparable for ?7pb/?"*pb (15.43) and 2°%РЬ/?%РЬ (37.3). . 


This can be verified in Fig. 2 where the isotope domains obtained 
for other oceans! ^? have been plotted for comparison. The two 
Atlantic samples analysed during the present study (Table 1) 
confirm that this distinction is indeed real and cannot result 
from analytical bias. 

At the other extremity of the SWIR Pb/Pb correlations, the 
values obtained are equivalent to the results for common MORB 
in the Atlantic and Pacific oceans. As a consequence, the Pb/Pb 
slopes calculated in both diagrams are lower for the SWIR than 
for the MAR and EPR. Note that these results are consistent 
with those of Dupré and Allégre'? on the Carlsberg Ridge, which 
plot exactly on the same correlation in the 2°®РЬ/?°®РЬ against 
?06pb/2^pb diagram. ` р 

The dredge D5 sample displays.a very different lead isotope 
composition. It has the smallest radiogenic 7°°Pb/?™Pb (16.96) 
so far measured for an oceanic sample, and its 7°’Pb/?*Pb 
(15.49) and ?9*pb/??*pb (37.31) are distinctly above the MORB 


Pb/Pb correlations. Such values are exceptional for zero age 


mantle samples. Samples from islands such as Kerguelen’, 


Tristan da Cunha and Gough! or from aseismic ridges such as 
Walvis’? and Ninety-East? also have 7°’Pb/?“Pb and 
2*p5/?^Pb ratios above the MORB correlation, but their 
?5p9b/?'*pb are more radiogenic than the D5 value. 

Finally, the peridotite D8 (not plotted) has a 7°’Pb/?*Pb 

(15.58) slightly higher than the basalts of similar 208РЬ/20РЬ 
(18.36). ; 
Pb/Sr diagram. The range of ®’Sr/®Sr variation is from 0.7027 
to 0.7030, again with the exception of D5 (0.7047; Fig. 3) These 
Sr values are higher than those obtained on the EPR and MAR 
for comparable ?°°Pb/?Pb, and again this difference is con- 
firmed by the two new results on Atlantic samples. The data for 
the SWIR are then above the Pb/Sr correlation discovered by 
Dupré and Allègre’ and Cohen et al? for the Atlantic and 
confirmed by Hamelin et al? for the Pacific. Again, this feature 
is also found for the Carlsberg samples*!??? and seems to be a 
regional characteristic of Indian MORB 

The unusual dredge 05 is far removed from the usual depleted 
mantle domain, with a ®’Sr/*Sr of 0.70472. Again, this value is 
similar to those obtained on Kerguelen Island™ or the Walvis 
Ridge". 

The peridotite D8 gave a "Sr/95Sr of 0.7071. Such high values, 
described in ophiolite peridotites?*?, have been interpreted as 
evidence of interaction with sea water in oceanic layer 3. 
Nd/Sr diagram. As for Sr, the range of Nd variation is restricted 
(0.51307-0.51291). Note that these results display less variation 
than those near the Bouvet hotspot of Le Roex et al”. The data 
are in the usual Sr/ Nd correlation for MORB. The en, values 
(5.7-8.8) are lower than those of the most depleted MORB of 
the Atlantic? and Pacific*, and comparable to intermediate 
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Fig. 2 a, Pb/Pb (a, 8) diagram; b, Pb/Pb (a, y) diagram 6, 

SWIR (this study); €, SWIR data!5; ©, Carlsberg ridge data!?, 

O, Kane fracture zone (this study). References of the islands and 

Atlantic and Pacific MORB are given in the text, except for the 

Crozet field (W M White and B Dupré, unpublished data) The 

geochron 1s calculated for an age of the Earth Ту:=4 55 x 10? уг 
Two values of ш (22817/20РЬ) are given as reference 


values such as those of the Reykjanes Ridge near Iceland? Their 
Sr/Nd compositions would then seem to be somewhat more 
‘enriched’ than Atlantic MORB whereas the Pb/Pb results are 
more depleted 

The 05 dredge is again exceptional, with a ома ема of 

0.512448 (Eno = —3.3), comparable with those of Kerguelen”? or 
Walvis Ridge” samples. 
Geographical distribution of the isotope variations. The least 
radiogenic Pb and Sr values of the SWIR are found on the 
eastern part of the ridge, which corresponds to the deepest 
portion and to the triple junction zone. Dupré and Allégre'? 
reported a similar nonradiogenic result for a sample dredged at 
the triple junction. 

At the opposite extreme, the more radiogenic values (D6 and 
D7) correspond to the shallowest part of the ridge, near the 
Prince Edward and Marion islands, and the isotope values 
approach those obtained by Hart and Erlank (manuscript in 
preparation) for basalts from these islands. 


Discussion 


Present-day source mixing under the SWIR. Isotope variations 
along ridges are thought to result from mixing between asthenos- 
pheric material and blobs of more radiogenic material. This has 
been well documented near Iceland/^?, the  Azores*^? and 
Bouvet" Island for the MAR and for the Galapagos spreading 
centre? near the Galapagos archipelago. In all these areas, 
hotspot influence on the ridges is well known from geochemical 
and bathymetric evidence? 

A more complete sampling of the SWIR will be needed to 
investigate fully the isotope gradient away from Marion and 
Prince Edward islands, but it is clear that dredges located on 
the bathymetric swell of the ridge (D6, D7) display Pb and Sr 
isotope results analogous to those of the islands (S. R. Hart and 
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Fig. 3 Pb/Sr diagram. Symbols as described in Fig. 2 legend. 


A. J. Erlank, in preparation) and that these results are thus in 
agreement with the model of present-day mixing for ridges. 

Note that Pb seems to be the most sensitive tracer for this 
mixing process, because the Nd and Sr ranges of isotope vari- 
ation remain smaller than for Pb. This suggests a larger difference 
in isotope composition between the asthenosphere and blob 
material for Pb than for Nd and Sr. 

The question of the identification of the exact isotope compo- 
sition of the enriched end-member cannot be solved only from 
isotope arguments, because the results measured on the islands 
are themselves representative of mixtures between blob and 
asthenospheric compositions"!!??, For instance, in this geo- 
graphical area, the isotope difference between Crozet’? and 
Marion-Prince Edward (S. R. Hart and A. J. Erlank, in prepar- 
ation) could be interpreted either as resulting from completely 
different sources for these blobs or, conversely, as variable 
proportions of a common blob in the material erupted at the 
surface. More detailed studies of the Crozet swell are needed 

to elucidate this question 
Origin of the depleted end member. At the other extreme of the 
SWIR mixing trend, the depleted end member, considered as 
representative of the asthenosphere, is characterized by par- 
ticularly nonradiogenic 206рЬ /204рь values, but higher 
207 ph /294pp, 7°8Pb/*4Pb and ges and lower !?Nd/!^*Nd 
ratios, compared with the lower end-member values of the MAR 
and EPR. It must be emphasized that, whereas several studies 
have already suggested some unexpected enrichment of Indian 
MORB!':5?!, we present here the first evidence that this differ- 
ence is indeed a regional characteristic of the most depleted 
end-member in this ocean. 

The present results for the SWIR, the Dupré and Allégre? 
data for the Carlsberg Ridge and our unpublished results on 
the East Indian Ridge now demonstrate fully that the whole 
Indian Ocean ridge system displays a characteristic isotope 
signature. Moreover, analogous Pb/Pb results have been found 
recently in the Xigaze ophiolites of Tibet®*, which originated in 
the same geographical area 100-Myr ago. A geographical map- 
ping of isotope compositions has already been discussed for 
oceanic island results'**?. Our results described here demon- 
strate that similar regional variations also exist for the depleted 
upper-mantle value. Therefore, we conclude that the upper 
mantle itself must be divided in different provinces, which are 
probably related to different convective units. This raises the 
obvious question of the physical meaning of the different units 
and of the boundaries between them (for example, subduction 
planes, continents, transform faults). 

Two issues are then to be discussed: first, to determine possible 
mechanisms for creating such an isotope composition, and 
second, to evaluate the consequences of such regional isotope 
units in asthenospheric reservoirs, all within the overall scheme 
of mantle convection. 

Dupré and Allègre’? have argued that the specific isotope 
signature of Carlsberg MORB is a further demonstration of 
mixing between asthenosphere and blobs under ridges, and that 
the deviation of these samples from the main Atlantic-Pacific 
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Fig.4 Sr/Nd diagram. Open cirlces, data of Le Roex et al."’ for 


SWIR basalts in the region of Bouvet Island. 


isotope trend results from the fact that the Indian Ocean islands 
have isotope characteristics removed from this trend. However, 
this model cannot explain the isotope composition of the dep- 
leted end-member itself, as there is no evidence from available 
data of any present-day mixing trend between the Atlantic- 
Pacific depleted end-member and an Indian Ocean island basalt 
contaminant. At the opposite extreme, the Indian depleted end- 
member seems to be fairly homogeneous. An additional mechan- 
ism, different from the present-day contamination of ndges by 
blobs discussed in the previous section, must then be proposed. 
This mechanism 'could involve a contamination of the whole 
upper mantle convection cell beneath the Indian Ocean by 
material with Kerguelen-type isotope values, if enough time has 
elapsed to allow the isotope homogenization of the contami- 
nated reservoir. 

For example, опе could first advocate contamination of the 
upper mantle through reinjection of subducted oceanic lithos- 
phere. The latter is first *polluted' in accretion zones by blobs 
with Kerguelen-type signature, then later contaminates the 
whole upper mantle beneath the Indian Ocean, when it is mixed 
back after being subducted. This implies that the sub-Indian 
Ocean mantle has been isolated for several hundred Myr, and, 
moreover, that subduction-related material has been recycled 
continuously within the same convection cell. This model then 
seems unrealistic, especially taking into account the small num- 
ber of subduction zones in the Indian Ocean. An alternative 
hypothesis could be that the upper mantle is contaminated by 
an ocean island basalt reservoir with Kerguelen signature 
through a 'diffusion-type' process; this contamination operates 
continuously and uniformly in solid state at depth in the mantle, 
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Fig.5 Possible scheme of mantle dynamics. The upper mantle 1s 
divided tn different discontinuous boxes, according to the SWIR 
MORB isotope results The model where ocean island basalts 
originate in the boundary layer between upper and lower mantle?? 
1s illustrated as an example Since the Indian Ocean island basalt 
source material (dotted area) is different from other parts of the 
world, the sub-Indian upper mantle is contaminated specifically 
by these Indian blobs, some of which reach the surface and others 
becoming progressively mixed within the upper mantle convection 
cell. 


it allows isotopic homogenization within the upper mantle con- 
vection cell, but does not appear any more at tHe surface as 
ocean island volcanism, contrary to the present-day occurrence 
at ridges, for example, near Marion and Prince Edward islands. 
These different processes can operate simultaneously (Fig. 5); 
their relative importance depends on the respective scales and 
rates of mixing, reinjection and homogenization. 

The final problem is the interpretation of the unusual values 
of the D5 dredge. At present, we can speculate using the dupli- 
cated analyses of the one sample recovered in that dredge; it 
will be of great interest to study the lateral extension of this 
anomaly. Similar results have not been found before on active 
ndges. On the other hand, the D5 composition is close to the 
lowest end:member of the Walvis Ridge, as discussed by 
Richardson et al”, or to the nonradiogenic lherzolite xenohth 
from Tanzania analysed by Cohen et al?*. These results are 
shghtly outside the oceanic mantle array’? and are not easily 
interpretable as a mixing between blob-type material and typical 
depleted mantle values. Possible involvement in the genesis of 
these structures of material with continental isotope characteris- 
tics, through reinjection of sediments”, continental lithosphere 
reassimilation?*?" or percolation of metasomatizing fluids? 
should then be considered. 
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A short conserved sequence is involved in the 
light-inducibility of a gene encoding ribulose 
1,5- -bisphosphate carboxylase small subunit of pea 
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Light induction of chloroplast maturation in plant seedlings (‘greening’) is associated with the induction in expression of 
the enzyme ribulose 1,5-bisphosphate carboxylase. To define the regions of a gene encoding the small subunit of ribulose 
1,5-bisphosphate carboxylase involved in light inducibility of pea plants, we have introduced derwatives of the gene into 
petunia cells using a tumour-inducing plasmid vector. A conserved 33- -base pair sequence close to the ‘TATA’ poy of the 


gene is sufficient to confer hght inducibility of the small subunit gene. 








LiGHT has profound morphogenetic effects on chloroplast 
development. Seedlings germinated in the dark are arrested in 
plastid development at the etioplast stage that can then be 
converted to chloroplasts on illumination. During etioplast- 
chloroplast transformation there is a rapid synthesis of 
chlorophylls and a dramatic increase in thylakoid membráne 
polypeptides and stromal proteins’. Although the molecular 
mechanisms by which these biosynthetic events are turned on 
by light are still unknown, an important regulatory stage is 
probably the transcription control of genes encoding chloroplast 
proteins. 

The most abundant piotetü that increases in concentration 
during greening is the stromal enzyme ribulose 1,5-bisphosphate 
carboxylase/oxygenase. This enzyme complex, which accounts 
for <50% of soluble protein in plants, is composed of eight 
copies each of two non-identical subunits?. The large subunit 
(rbcL) is encoded in the chloroplast*, whereas the small subunit 
(rbcS) 1s encoded in the nucleus by a small multigene family* 

In peas, the amount of rbcS polypeptide in green leaves 1s 100 
times that in etiolated leaves: The increase in rbcS polypeptide 
during greening is followed by a concomitant increase in the 
steady-state messenger RNA Іеуе]?-!! so that ın fully greened 
‘leaves, the rbcS transcript becomes the most abundant mRNA 
in mesophyll cells!?. The light-stimulated increase in 'rbcS 


mRNA level in peas, as well as other higher plants, has been ' 


shown to be mediated by phytochromeP"? There is evidence 
that the control of rbcS gene expression by light!Ó or phyto- 
chrome" is at the transcriptional level. 

We are interested in defining the molecular events surrounding 
light-regulated expression of plant nuclear genes. For our 
investigations we have selected one member (rbcS-E9) of the 
pea rbcS gene family as a model system, because the nucleotide 
sequence of this gene is known and its expression in different 


tissues of green and etiolated pea plants has been well character- , 


ized!!. Our first objective is to define DNA sequence elements 
needed for its light/dark regulation and efficient transcription. 
Previously, we transferred the pea rbcS-E9 gene into petunia 
via a tumour-inducing (Ti)- mediated gene transfer vector!? and 
demonstrated that this gene is transcribed accurately using its 
own promoter'?. Moreover, the rbcS-E9 mRNA level is regulated 
by light in petunia calli as it is in pea leaves. These results 
provide evidence that the petunia expression system can be used 
to characterize the control sequences of the rbcS-E9 gene. Our 
confidence in the fidelity of heterologous expression systems is 
reinforced by the finding that the 5' flanking region of another 
pea rbcS gene (53,6) also shows light-regulated expression after 
transfer into green tobacco calli”. 

Here we have examined the expression of 5' deletion mutants 
of rbcS-E9 and chimaeric genes in petunia calli We have iden- 


tified an upstream region needed for maximal expression and 
delimited a light-responsive sequence to a 33-base pair (bp) 
region around the TATA box. 


Internal deletion and 5' ЕРИМ 


With a few exceptions?'??, most of the animal genes transcribed 
by RNA polymerase II contain regulatory elements upstream 
of their transcription start sites”. Therefore, we investigated first 
the role of 5' upsteam sequences in the regulation of 'rbcS-E9 
gene expression. Previously, we demonstrated that a rbcS-E9 
gene (rbcS-E9 5' A-1052) containing 1,052 bp of 5: upstream 
sequence was transcribed accurately in petunia calli in a light- 
regulated manner. This gene, therefore, was chosen as the wild 
type and from this a series of 5' deletion mutants were construc- 
tred'by Bal31 nuclease digestion (Fig. 1). The deletion mutants 
were first screened by gel electrophoresis and those in the desired 
size range were characterized further by sequence analysis to 
determine their end points. A total of seven 5' deletion mutants 
with end points at strategic locations in the 5' region were chosen 
for the present study. The first mutant (rbcS-E9 5' A-437) con- 
tains а deletion of ~600 bp; the next three (rbcS-E9 5' A-352; 
rbcS-E9 5'A-255; rbcS-E9 5'4-96) have end points spaced 
7-100 bp apart; the next (rbcS-E9 5' A-87) has its end point just 
5' of the CAAT box; one (rbcS-E9 A-35) has its end point 
between the CAAT box and the TATA box, and the remaining 
mutant (rbcS-E9 5’A-13) contains neither the CAAT box nor 
the TATA box and retains only 13 bp upstream of the transcrip- 
tion start site. In addition, we have exploited two convenient 
BstXI sites flanking the CAAT box to construct a mutant with 
an internal deletion of 51 bp from —107 to —56. 

The internal deletion mutant (rbcS-E9 5' A-107/-56) and the 
5' deletion mutants were transferred into petunia cells via the 
Ti-plasmid of Agrobacterium tumefaciens, using the pMON145 
vector for plant gene transfer. This vector contains the nopaline 
synthase (nos)-neomycin phosphotransferase (npt)-II chim- 
aeric gene that confers resistance to капатусіп!°. Transformed 
calli were selected and maintained on hormone-free medium 
containing kanamycin (100 pg ml ^!) in continuous light or kept 


- in complete darkness for 5 days before RNA extraction and 


analysis. To eliminate any possible variations in the physiologi- 


` ‘cal state of the calli or in the purity of poly(A)” RNA among 


samples, we have used the level of the npt-II mRNA transcribed 
from the nos promoter as an internal standard. The use of an 
internal control also enabled us to reduce the variation resulting 
from different copy numbers of integrated tumour(T)-DNA, 
which contained the two genes (rbcS-E9 and nos- npt-11) linked 
together. Furthermore, calli from different transformation events 
were pooled to minimize any possible position effects on 
expression. Transcriptional activities of the mutants were 
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Fig. 1 Construction of rbcS-E9 deletion mutants. The pea rbcS-E9 
gene is encoded by a 2.4-kb EcoRI/ Clal fragment that has 1,052 bp 
of DNA sequence upstream from the transcriptional start site!!. 
This fragment was cloned between the EcoRI and Clal site of 
pBR325 to give the parental plasmid, pE9. (A restriction map of 
the 2.4-kb EcoRI/ Clal fragment is shown in Fig. 3.) To generate 
5' deletion mutants, pE9 was linearized at the unique EcoRI site 
and digested with Bal31 (ref. 36); the digested DNA molecules 
were ligated to EcoRI linkers (CGGAATTCCG; New England 
Biolabs), treated with EcoRI and then recircularized by T, ligase. 
The resulting series of 5’ deletion mutants was analysed by agarose 
gel electrophoresis to determine the extent of deletion and selected 
mutants were further characterized by sequence analysis according 
to Maxam and Gilbert". Mutants with end points at —437, —352, 
—255, —96, —87, —35 and —13 were selected for subsequent experi- 
ments. To generate the internal deletion mutants (5’ A-107/-56), 
pE9 was digested with BstXI (CAANNNNNNTTG), which cuts 
the promoter region of the rbcS-E9 gene at —56 and —107 (ref. 
11). The staggered ends of the deleted plasmids were repaired with 
T, DNA polymerase and the DNA was then recircularized by T, 
DNA ligase. The promoter fragment ( EcoRI/ Hindll1) of the inter- 
nal deletion mutant (rbcS 5' A-107/-56) was subcloned with the 
EcoRI and Hindlll sites of M13 прв and the break points deter- 
mined by dideoxy sequence analysis**. The parental gene pE9(5' A- 
1052), the 5' deleted mutants (5' A-437, and so on) and the internal 
deletion mutants (5’A-107/-56) were subcloned into the unique 
EcoRI and Clal restriction sites of the intermediate vector, 
PMON145 (ref. 19). The intermediate vector and its derivatives 
containing the different rbcS-E9 deletion mutants in Escherichia 
coli (LE392) were mobilized into an octopine strain of A. 
tumefaciens (GV3111) by triparental mating and the co-integrates 
selected according to Fraley et al.'*. 


< assessed by their relative transcript level, which is the ratio of 
rbcS-E9 mRNA to the nos- npt-II mRNA. Poly(A)* RNAs from 
pea leaves and from pMON145 calli were analysed along with 
the mutant samples to localize the positions of the nos- npt-TI 
and pea rbcS-E9 transcripts. 

Figure 2 shows that in the hybridization and washing condi- 
tions used, poly(A)* RNA from the gene transfer vector, 
pMONI145, gives only one radioactive band on Northern blots, 
_ Corresponding in size to the nos-npt-lI transcript. No cross- 
hybridization of the pea rbcS-E9 probe to the petunia rbcS 
v mRNA, which is identical in size to the rbcS-E9 mRNA, was 
- detected. In agreement with previous results'®, we found that 
. the wild-type construct (rbc-E9 5’ A-1052) produces about five 
"times as much rbcS-E9 mRNA compared with nos- npt-1l 
. mRNA (Fig. 2). Deletion of 615 bp from the 5’ upstream region 
of rbcS«E9 5’ A-1052 decreases the relative transcript level by 
about three times (mutant rbcS-E9 5’ A-437) and an additional 
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Fig. 2 Northern blot analysis of deletion mutants. The extreme 
right lane contains 1 ug poly(A)* RNA from pMON145. calli 
whereas the extreme left lane contains 60 ng poly(A)* RNA from. 
pea leaves. The remaining lanes, indicated by numbers, contain 
1 ug poly(A)* RNA from each of the deletion mutants. The relative. 
transcript level (RTL) refers to the ratio of the rbcS-E9 transcript | 
to the nos-npt-1l transcript (upper panel). à 
Methods. Petunia cells were transformed with A. tumefaciens b 
co-cultivation'?, Calli. obtained from transformation with. th 
pMONI4S vector alone or the vector containing the various dele 
tion mutants were propagated on 1% agar plates containing. 
Murashige and Skocg medium and 100 џв ті‘ kanamycin’, 
Tissues were maintained in continuous light or transferred to total 
darkness for 5 days before collecting. Total RNA was isolated with 
guanidinium thiocyanate as a protein denaturant?? and poly(A)* - 
RNA was purified by chromatography on poly(U)-Sepharose*?. 
Aliquots of RNA were denatured in glyoxal at 50?C*!, elec 
trophoresed on 1% agarose gels and transferred onto nitrocellulose 
filters’. Filters were hybridized to ??P-labelled probes containing 
the coding sequence of the nos- npt-Tl chimaeric gene and of the 
rbeS-E9 gene using the hybridization and washing conditions 
described previously!*?. Radioactive bands on Northern blots 
were visualized by autoradiography and quantified according to 

Suissa”, 


deletion of 85 bp reduces the relative transcript level further by - 
about twofold (mutant rbcS-E9 5’ A-352). Sequences between 
—332 апа —35, which include the CCAAT box, have little effect 
on the relative transcript level, whereas no rbcS-E9 mRNA was. 
detected in the mutant rbcS-E9 5’ A-13 that has the entire 5’ 
upstream region, including the TATA box, deleted. From these 
results, three conclusions can be drawn: (1) а 700-bp sequence. 
between —1,052 and —352 of the rbcS-E9 upstream region modu-: 
lates the relative transcript level about six times; (2) The CAAT 
box centred around ~85 does not change the level; and (3) The 
TATA box is needed for transcritpion of the rbcS-E9 gene. 
To collect further evidence on the function of the CAAT box, 
we made use of two convenient Bst XI sites to generate a mutant 
(rbcS-E9 5’ A-107/-56) with an internal deletion from —107 to 
—56. The deleted segment contains the CAAT box with ~50 bp 2 
of surrounding sequences. Figure 2 (upper panel) shows that 
the mutant rbcS-E9 5' A-107/-56 is expressed in light-grown calli: 
with a relative transcript level of about twice that of the wild 
type. This result provides unequivocal evidence that the CAAT - 
box is not required for the expression of the rbcS-E9 gene in 
petunia calli. ; 
In an attempt to localize DNA sequences required for light- 
regulated expression of the rbcS-E9 gene, transformed petunia 
calli carrying the different deletion mutants were transferred to - 
the dark for 5 days before their RNAs were extracted for North: 
ern blot analysis. The wild-type construct produces a reduced 
level of rbcS-E9 mRNA in the dark compared with the light 
(Fig. 2, lower panel), confirming previous observations. We: 
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Fig. 3 5, nuclease protection assays of реа rbcS transcripts from 
* the deletion mutants. Poly(A)* RNAs from both pea leaf and the 
deletion mutants were probed with the 541-nucleotide HinfI/ Hinfl 
fragment (5 probe; c, left) or with the 690-nucleotide HindIII/ Clal 
(3' probe; c, right). a, Pea-leaf poly(A)* RNA, 60 ng; poly(A)* 
RNA from rbcS-E9 5' A-1052, 40 ng; poly(A)* RNA from the other 
deletion mutants, 1 pg. Arrow 138 indicates the end and the length 
of the 5' protected fragment. b, Pea-leaf poly(A) RNA, 60 ng; 
rbcS-E9 5' 4-35 роіу(А) ВМА, 10 ug; pMONI45 poly(A)* RNA, 
10 yg. Arrow 232 indicates the end and the length of the 3’ protected 
fragment. Pea-leaf RNAs give two additional S, signals at the 5' 
(a, arrow 105) and 3' (b, arrow 156) ends. These result from limited 
hybridization of other pea rbcS transcripts to the probe! ^? 

Methods. S, nuclease protection assays were performed according 
to Berk and Sharp ^^ as modified by Weaver and Weissman?. The 
5' probe is the 541-nucleotide HinfI/ Hinfl fragment, whereas the 
3' probe is the 690-nucleotide HindlIH/Clal fragment (lower 
panel). The ?P-DNA fragment labelled at either their 5' or 3' ends 
were denatured and the dissociated strands separated by polyacry- 
lamide gel electrophoresis. The isolated strands were hybridized 
with poly(A)* mRNA in 10 pl of a solution containing 50% for- 
inamide, 0.4 NaCl, 2 mM EDTA and 20 mM PIPES (pH 6.8) for 
12h at 42 °С. After hybridization, the reaction mixture was diluted 
to 300 al with a solution containing 0.3 M NaCl, 30 mM NaOAc 
(pH 4.6), 1 mM ZnSO,, 20 ug ml ^! denatured salmon sperm DNA, 
300 U mi“! S, nuclease and incubated at 37 °С for 45 min. DNA 
fragments protected from S, nuclease digestion were sized on 6% 

sequencing gels and visualized by autoradiography. 








‘estimated that the relative transcript level of the dark sample is 
—0.5, giving a light-induction factor of ~10 for the rbcS-E9 
mRNA. None of the 5' deletion mutants (rbcS-E9 5'A-437, 
4-332, 4-255, Д-96, 4-87 and 4-35) active in the light produce 
"detectable amounts of rbcS-E9 mRNA in the dark. The 
extremely low level of rbcS-E9 mRNA in the dark has prevented 
the estimation of the light-induction factor for the deletion 
mutants. Nevertheless, it is clear from our results that the mutant, 
which contains only 35 bp of sequences 5’ to the transcription 
start site, is still capable of light-regulated expression. 
The internal deletion mutant (rbcS-E9 5' A-107/-56) produces 
a higher level of rbcS-E9 mRNA in the dark compared with the 
wild type (Fig. 1, lower panel), with a dark relative transcript 
level —1. Because this mutant is also more active in the light, 
its light-induction factor is about the same as that of wild type. 
-The light-regulated expression of this mutant provides direct 
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Fig. 4 Construction of chimaeric genes. а, rbcS-E9-cat. The 
HindllI/ Sau3A fragment coding for CAT in pSV2-cat(24) was 
subcloned into the HindIII/ BamHI sites of pUC12 to give pUC- 
cat. The 699-bp HindIII/ HindIII fragment containing the 3' end 
of rbcS-E9 (ref. 11) was then subcloned into the BamHI site of 
pUC-cat giving pUC-cat 3’ rbcS. The rbcS-E9 gene was subcloned 
in between the EcoRI and Clal site of a HindIII minus a derivative 
of pMON145 (rbcS-E9 5’ A-1052). The rbcS-E9 coding sequence 
from HindIII (—2) to Clal (+1,349) was replaced by the 1,549-bp 
HindlIl/ Clal fragment from pUC-cat 3’ rbcS. The resulting 
chimaeric genes were designated rbcS-E9-cat. The 1,052-bp 
EcoRI/ HindIII fragment of rbcS-E9-cat, containing the rbcS-E9 
5' flanking sequence, was replaced by a 950-bp EcoRI/ Hindi 
fragment containing the 35S promoter of CaMV”. c, *°S-promoter- 
rbcS. The 950-bp EcoRI/ HindIII containing the 35S promoter was 
cloned into the unique EcoRI site of rcbS-E9 5' A-13, using EcoRI 
linkers. The thick line between HindIII and BamHI indicates the 
cat coding sequence (a, b). The white line between BamHI and 
Clal (a, b) or Ніпаш/ Clal (c) indicates the 3' end of rbcS-E9. 
The marked line between EcoRI and HindIII indicates the rbcS 
coding sequence. 


evidence that the 5’ sequence region from —107 to —56, including 
the CAAT box, is not required for light responsiveness of the 
rbcS-E9 gene. 


5' and 3' S, analyses 


We have reported previously that a rbcS-E9 gene containing 
1,052 bp of 5' upstream sequence is transcribed with the correct 
start site in petunia calli?. To examine the effects of upstream 
sequences on transcriptional initiation, we subjected poly(A)* 
RNAs from the different deletion mutants to 5' S, nuclease 
protection assays. Figure За shows that pea leaf poly(A)” RNA 
gives two S,-protected fragments, using a probe that covers the 
5' end of rbcS-E9. The longer fragment is produced by hybridiz- 
ation of the rbcS-E9 probe with its cognate mRNA, whereas 
the shorter fragment is the result of hybridization by other pea 
rbcS transcripts that show sequence homology to the probe up 
to the first AUG'!. Consistent with this interpretation, RNA 
from petunia calli transformed with rcbS-E9 5' A-1052 gives only 
the longer fragment, indicating that the correct transcription 
start site is used. Deletion of the 5' upstream sequence from 
—1,052 to —255 does not change the S, start site. We were unable 
to obtain reproducible S, signals for the remaining 5' deletion 
mutants because of the low amount of rbcS-E9 mRNA, but an 
internal deletion between —107 to —56 also has no effect. Taken 
together, these results demonstrate that the sequence elements 
surrounding the CAAT box as well as DNA sequences upstream 
of —255 do not affect the accuracy of transcriptional initiation. 

The polyadenylation site of the pea rbcS-E9 gene has been 
mapped previously to 150 bp downstream from the termination ` 
codon''. To see whether the same site on the rbcS-E9 gene of. 
pea is also recognized in petunia calli, poly(A)* RNAs from: | 
rcbS-E9 5' A-35 were subjected to S, analysis using a probe that — 
covers the 3' region of rbcS-E9. Figure 3 shows that identical 
polyadenylation sites are used in petunia and pea, indicating _ 
conservation of this processing signal in both plant species; — — 

















rbcS E9- Cat 35$-Cat 35S-rbcS -1052 
Fig. 5 Northern blot analysis of chimaeric genes. All lanes contain 
tug poly(A)” RNA from: rbcS-E9-cat light-grown (lanes 1, 3) 

© and dark-grown calli (lanes 2, 4); from 35S promoter-cat light- 

. grown (lanes 5, 7) and dark-grown calli (lanes 6,8); from 35S 

„ы promoter-rbcS light-grown (lane 9) and dark-grown calli (lane 

510); from rbcS-E9 5' 4-1052 light-grown (lane 11) and dark-grown 
calli (lane 12). The filters were hybridized to the following **P-nick 
translated probe: npt-II coding sequence (lanes 1, 2, 5, 6); cat 
coding sequence (lanes 3, 4, 7, 8); прї-11 coding sequence plus 3' 
end of rbcS-E9 (lanes 9-12). (Conditions for transformation and 
growth of the transformed calli and isolation and analysis of the 

i RNAs are described in Fig. 2.) 


Expression of chimaeric genes 
Our results with the 5' deletion mutants have allowed us to place 
` the 5' boundary of the light-responsive sequence of rbcS-E9 at 
—35. To determine the 3’ limit of this sequence, we used a 
convenient HindIII site near the S, start site of rbcS-E9. Ап 
EcoRI/ HindllI fragment containing the 5' region (from —1,052 
to —2) of rbcS-E9 was fused to the coding sequence of bacterial 
_ chloramphenicol acetyltransferase (cat) followed by the 3' 
` polyadenylation sequence of rbcS-E9 (Fig. 4). We found that 
_ this chimaeric gene is expressed in petunia calli; moreover, its 
_ activity is regulated by light (Fig. 5, lanes 3, 4). Control experi- 
^ments showed that the nos- npt-11 mRNA is expressed equally 
іп the light and dark (Fig. 5, lanes 1, 2). The light/dark regulation 
‚ оС the cat mRNA is abolished when the rbcS-E9 promoter 
` fragment is replaced with a 35S promoter fragment (from —941 
to +9) of cauliflower mosaic virus (CaMV) (Fig. 5, lanes 7, 8), 
which is known to be expressed constitutively”. Because the 
second chimaeric gene contains the 3' polyadenylation sequence 
of rbcS-E9 (Fig. 4), these results indicate that the sequence, by 
itself, does not have a direct role in light response. In addition, 
the results also establish that the 5’ upstream sequence of rbcS- 
E9, from —1,052 to —2, is sufficient to confer light-regulated 
transcription, thus placing the 3' boundary of the light-respon- 
sive sequence at position —2. Our results with the rbcS-E9 
promoter fragment are in agreement with the previous report 
of Herrera-Estrella et al?" who used a similar 5' flanking frag- 
: ment of another pea rbcS gene (583.6). 

In the experiments described above, the npt-II and the cat 
mRNA could not be resolved on the same Northern blot because 
of their size similarity. Therefore, the two transcripts were 
probed separately. The npt- П hybridization signal was obtained 
after 24 h exposure of the X-ray film (Fig. 5, lanes 1, 2) whereas 
that for the cat mRNA required an exposure time of 7 days 
(Fig. 5, lanes 3, 4). These results, compared with those in Fig. 
2, strongly suggest that the cat mRNA level is much lower than 

` that for the rbcS-E9 mRNA when driven by the same promoter 
- of rbcS-E9. The poor expression of the rbcS-E9 5' flanking 
sequence when joined to a heterologous coding sequence sug- 
gests a role for the rbcS-E9 intragenic region in transcription. 
Although we have shown that the rbcS-E9 5' flanking sequence 
(—1,052 to —2) of pea is able to drive the light-regulated tran- 
scription of a test gene, it is possible that differential stability 
of the rbcS-E9 mRNA may also contribute to the observed 
differences in rbc$-E9 mRNA accumulation in the light and 
dark. To examine this possibility we used the CaMV 35S pro- 
“moter fragment"? to drive the expression of the rbcS-E9 coding 
"sequence. Figure 5 (lanes 9, 10) shows that the CaMV 35S 
promoter-rbcS hybrid gene is expressed equally in the light and 
dark, as is the case with nos-npt-II, which has been shown 
previously to be expressed constitutively”. Control experiments 

: confirm the expected difference in the rbcS-E9 mRNA levels 
_ between light and dark when the coding sequence is driven by 
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Fig. 6 Comparison of sequences between the TATA box and the. 
transcriptional start site of several rcbS genes. Dicotyledonous- 
gene sequences were obtained from the following authors: Pisum 
sativum rbcS-E9'' ; P. sativum rbcS-3A (P. Moses, personal com- 
munication); P. sativum $53.65; Glycine max srsl max”; 
sativum rbcS-3C (P. Moses, personal communication); Nicotiana 
plumbaginifolia rbcS-8B (C. Poulsen, personal communication); '. 
Petunia hybrida rbcS-pet (Monsanto Company, personal communi- 
cation). Parentheses, direct repeats found in rbcS-E9; asterisks, 
mismatch in the repeat; arrows underline the imperfect palin- 
dromic sequence. Sequence downstream of the rbcS-3C TATA bo: 
are aligned with those »f rbcS-E9 to maximize homology. Simila 
sequences are not shown for rbcS-8B and rbcS-pet because of th 
lack of obvious homology. A consensus sequence derived from the 

TATA box for the various rbcS genes is given. 


its cognate promoter (Fig. 5, lanes 11, 12). These results provide 
strong evidence that light has no effect on the rbcS-E9 transcript 
processing or mRNA stability. The light-regulated expression 
of the rbcS-E9 gene and its mutant derivatives in pea, therefore; 
mainly reflect control at the transcriptional level. 
The experiments described above provide information on the 
relative strength of the CaMV 35S promoter and the rbcS-E9 
promoter. In these experiments, the Northern blots were hybrid- 
ized with a probe containing a 1.2-kilobase (kb) coding sequence 
of npt-II joined to a 0.69-kb 3’ sequence from the HindIII (+660) 
to the Clal (41,350) of the rbcS-E9 gene!'. The rbcS-E9 
fragment contains only 232 bases in the transcribed region that 
could hybridize to the rbcS-E9 mRNA. In these conditions, the 
nos-npt-II and rbc$-E9 mRNA show the same hybridization 
signal (Fig. 5, lane 11). However, the hybridization intensity of 
the rbcS-E9 transcript produced by the CaMV 355 promoter 
relative to that of прг-П produced by the nos promoter is —10-15. 
times higher (Fig. 5, lane 9). These results indicate that the 
CaMV 35S promoter is ~ 10-15 times stronger than the rbeS-E9 
promoter in petunia calli. 


Discussion 


Here we describe the first functional analysis of the control 
sequences of a major regulated plant gene, the rbcS-E9 gene of 
pea. In pea leaves! and in transformed petunia calli? the 
accumulation of the rbcs-E9 mRNA is increased by light. Gal- 
lagher and Ellis'^ have shown that an effect of light is to stimulate 
the rate of transcription initiation of the pea rbcS genes. 
However, the extent of light-stimulated transcription obtained 
by these authors! is twofold less than the rbcS mRNA ratio 
between green and etiolated pea leaves?! To determine whether 
light also exerts a post-transcriptional effect on rbcS gene 



































































expression, we placed the rbcS-E9 coding sequence under the 
control of the 35S promoter of CaMV” that is insensitive to 
light (F.N., unpublished results). The level of the rbcS-E9 tran- 
‘script produced by the 35S promoter is the same either in the 
light or the dark. These results clearly exclude any pronounced 
light effect on post-transcriptional processing of the rbcS-E9 
transcript or its stability. In addition, they provide evidence that 
‘light-induced accumulation of the rbcS-E9 mRNA in petunia 
calli reflects largely transcriptional control of its cognate pro- 
moter by light. 

To map the rbcS-E9 gene control sequences, the activities of 
several 5' deletion mutants and chimaeric gene constructs were 
examined. Our analyses reveal that the rbcS-E9 5' flanking 
sequence can be divided roughly into three regulatory regions. 
An upstream region of ~700 bp (—1,052 to —352) is needed for 
maximal transcription but not light-dark regulation. Mutants 
lacking this region show 15-20% of the wild-type activity but 
» still retain light responsiveness. Whether this region alone may 
also provide a light-regulated function when joined to a 
. heterologous promoter is being tested. 

The sequence element, bordered by positions —107 to —56 
'and including the CAAT box at position —85, is required neither 
for accurate transcription nor for light induction. In fact, this 
element seems to have a negative regulatory function, because 
n its absence transcription is increased by approximately two 
"times with no significant effect on the light-induction factor. 
This finding is in contrast to the results obtained with the 
opaline synthase promoter and the CaMV 35S promoter", 
both of which require sequences in and around the CAAT box 
for efficient transcription. On the other hand, there are examples 
of animal genes that either do not have recognizable CAAT 
sequence" or still retain full transcriptional activities after 
deletion of the CAAT sequence?'?, We note that in the internal 
deletion mutant 5’ A-107/-56, a new sequence, AATCCATT, is 
reconstituted at ~position 60 on re-ligation of the BstXI-cut 
sites. Although unlikely, we cannot exclude the possibility that 
the function of the CAAT box at position —85 may be supplanted 
“by this new sequence at position —60 in the deletion mutant. 
We have identified a 33-bp sequence fragment surrounding 
the TATA box involved in light control of rbcS-E9 gene tran- 
scription based on analyses of the rbcS-E9-cat chimaeric gene 
‘and the 54-35 mutant, both of which show light-induced tran- 
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scription. The chimaeric gene contains the rbcS-E9 5' region 


from —1,052 to —2. On the other hand, results from the 5’ 4-35 
mutant clearly demonstrate that sequences upstream of —35 are 
not needed for light-induced transcription. Taken together, we 
conclude that the sequence from —35 to —2, which includes the 
TATA box, contains the necessary information for responsive- 
ness to light. 

Comparison of the 10-bp sequence (—35 to —24) containing 
the rbcS-E9 TATA box with similar regions of all the rbcS genes 
of dicotyledonous plants sequenced so far reveals a striking 
degree of homology (Fig. 6). Point mutations or deletions in the 
TATA box are known to reduce the efficiency and accuracy of 
transcription but have no effect on gene regulation?" ?. In heat- 
shock?^, metallothionein'? and His "genes, sequence elements 
that confer regulated transcription are found as short direct or 
inverted repeats 5’ upstream of the TATA box. Examination of 
the rbcS-E9 light-responsive sequence reveals an 8-bp direct 
repeat (from —23 to —16 and from —12 to —5) with only one 
mismatch (at positions —19 and —8) located just downstream 
of the TATA box. In addition, this region also contains an 
imperfect palindrome (Fig. 6). Although the functional signific- 
ance of these structural features remains to be elucidated, we 
note that the sequence between the rbcS-E9 TATA box and its 
mRNA cap site is conserved in two other pea rbcS genes (rbcS- 
3A and ss3.6) and in a soybean rbcS gene (srs1). A fourth pea 
rcbS gene, rbcS-3C, contains only the second repeat sequence 
of rbcS-E9 (Table 1). The CaMV 358 promoter- rbcS chimaeric 
gene contains one (from —13 to —2) of the repeat sequences; 
nevertheless, it is not light-regulated (Fig. 5), suggesting that 
one of the repeat sequences by itself is not sufficient to confer 
light responsiveness. 3' deletion and site-specific mutagenesis in 
this region will allow us to investigate the relative importance 
of the TATA box and the direct repeats, and to define more’. 
precisely the critical sequences for light-controlled transcription. 
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Ultra-high-energy y rays (>10"* eV) have recently been observed 
from Cygnus X-3 (refs 1, 2) and from Vela X-1 (ref. 3). The 
discovery that some neutron star binary X-ray sources are emitting 
ultra-high-energy (ОНЕ) у rays has led to considerable interest 
and speculation as to the nature of the cosmic particle accelerators 
responsible for the у rays^^ and to the notion that much of the 
galactic cosmic radiation above 10!5 eV may originate from such 
objects" ^. Data from the University of Adelaide air-shower array 
at Buckland Park taken over a 3-year period have been analysed 
to search for evidence of UHE y-ray emission from additional 
neutron-star binary X-ray sources having known orbital periods. 
We present here the result of this search and report the detection 
of ОНЕ y rays from LMC X-4 above 10! eV with an integral 
flux of (4.651.7)x10^'! photons m?s^!. This is the first 
extragalactic object to be positively detected at these energies. 

Observations of air showers were made continuously (except 
for maintenance) during 1979, 1980 and 1981 at Buckland Park 
(sea level, latitude 35° S). During this time, the array!? consisted 
of eleven 1-m? plastic scintillator detectors, five of which had 
fast-timing capability and were used for shower arrival direction 
analysis. Over the 3- -year period some 1.3 x 10° air showers were 
recorded’! 12 with primary energies 23 х10' eV Following our 
detection? of UHE y rays from Vela X-1, we examined the 
Buckland Park data to test for an excess of air showers from 
regions around the galactic plane and galactic centre, and 
from the directions of known sources of y rays at 100-MeV 
energies!^. Here we describe our continued search for evidence 
of periodic emission of UHE y rays from neutron-star binary 
X-ray sources. In addition to Vela X-1, there are 14 such objects 
in the southern celestial hemisphere which have known orbital 
periods These objects are listed in Table 1 together with their 
type, estimated distance and orbital period. Of the neutron-star 
binary systems, 11 are massive and three are of low mass. Five 
(all massive systems) are in the Magellanic Clouds. 

For each object, we examined the air showers that had 
apparent arrival directions within angle 6, of the source direc- 
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tion. This ‘resolution angle’ depends on the declination’ and 
has been chosen so that 72% of any primary particles from the 
source direction would produce air showers that appear to arrive 
from within 6, of the source direction. This procedure optimizes 
the signal-to-noise ratio. The observed number of events, n, is 
given in Table 1 together with the number of background cosmic- 
ray events expected, B, based on air showers arriving from the 
same declination but from different mght ascensions (the 
exposure ratio, a, 1s the ratio of the solid angle contained within 
6, of the source direction to that used in determining the back- 
ground). All air showers with apparent arrival directions within 
6, were included 1n the analysis. Because the rate of detecting 
air showers at fixed shower electron number drops off very 
steeply with zenith angle'^, the expected number of background 
events within 6, of a source direction depends strongly on its 
declination (this is evident from the B values given in Table 1). 
Another consequence of this is that almost all the air showers 
analysed had zenith angles «45?. This is in contrast to arrays 
comprising detectors sensitive to the (more penetrating) muon 
component, such as water Cerenkov detectors, which can readily 
detect showers to larger zenith angles. 

In our observation? of Vela X-1, and in the observation of 
Cyg X-3 by the Kiel group!, it was assumed that the shower 
lateral-distribution age parameter, s, could be used to reduce 
the cosmic-ray background events by using only showers with 
large s. In both cases, the air showers containing an excess 
attributed to y-ray initiated showers had only high s values. 
Furthermore, in observations? of ‘muon-depleted’ showers, 
attributed to y rays, the mean age parameter was found to be 
1.4, whereas for ‘ordinary’ air showers it was 1.2. This seems to 
justify the use of an age cut. However, no age cut was used by 
the Haverah Park group? in their successful search for UHE 
y-ray emission from Cyg X-3. The distribution in shower age 
depends on zenith angle and hence on declination. We find that 
the age distribution of cosmic-ray background events is quite 
broad if the declination of the suspected source differs greatly 
from the latitude of the air-shower array. The age distribution 
of y-ray showers is also expected to be broad in this case. For 
such sources, the use of an age cut would not be helpful because 
of the greater overlap in age distributions of cosmic-ray and 
y-ray showers. Of the sources listed in Table 1, only 1700 —377 
passes nearly overhead at Adelaide and only for this case was 
an age cut used to reduce the background of cosmic-ray events. 
For all the other sources, the source declination differs from the 
latitude of the air shower array by more than 17? and no age 
cut was used. 





Table 1 Search for periodic emission of UHE у rays from neutron star binaries 





Distancet Period ө. 

Source Name Type* (крс) (day) Ref (°) a 
0115-737 | SMCX-1 1 65 3 892387 20 27 0044 
0532-664 LMC X-4 1 50 140832 27 25 0027 
0535 —668 LMC Trans 1 50 16 6515 29 25 0028 
0538 — 641 LMC X-3 Y 50 170480 30 24 0025 
0540 — 697 LMC X-1 1 50 3 909 31 26 0033 

4039 
0921-630 ~ 2 8 8987 32 24 0 024 
1119-603 Сел X-3 1 10 2 0871061 33 23 0021 
1223-624 GX301-2 1 2 4150 34 24 0023 
1258—613 GX304-1 1 24 1325 34 24 0022 
1516-569 Си X-1 1 10 16 594 35 23 0019 
1538-522 + H 7 3730 36 22 0016 1180 
1617-155 Seo X-i 2 07 0 787313 37 23 0010 
1627-613  — 2 — 0 02883171 38 25 0029 
0 02884630 
1700-3770 — 1 17 3 41168 39 21 0011 





* 1, Massive system, 2, low-mass system 
1 From ref. 23. 








95% upper limitst 








Enr F, L, L,/ Lx 
n Y, Ynse Yni (10'#еў) n, (m7?s7) (егв577) 
23 507 553 585 15 0 44(-1) 18(+38) 03 
6 755 732 754 8 8 
56 661 711 734 8 20  13(-10 16(+38) 013 
73 740 759 780 7 26  16(-10  23(438) 08 
44 645 667 692 10 18 99(-1) 18(+38) 09 
626 
72 70 75 77 6 21  18(-10 44(+36) 100 
з 718 759 780 5 14  12(-10 61(+36) 0.08 
69 741 748 770 6 16 12(-10) 15 (+35) 0015 
63 717 732 754 6 и 70(-1D)  18(435) 006 
114 840 840 857 5 36  26(-10  12(437 0015 
100 776 832 850 4 18 16(-10 23(+36) 06 
76 732 766 787 4 13  16(-10 14(+34) 00005 
55 67 70 13 8 22 14(-10) — — 
659 
63 725 732 754 3 20 23(-10  90(*34 003 





{ y-Ray flux ts above the effective energy threshold Enz, luminosity is per decade at 10'° eV assuming an E^? differential photon spectrum at the source, X-ray 


luminosity 15 10 the 2-11 keV range and ts taken from ref 23 
§ Positive detection, flux and luminosity given in text 


{| For this source, only showers with age parameters >1 3 were included їп the analysis (see text) 
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When the observations were made, the Buckland Park array 
was sensitive to air showers with sea-level sizes 23 x 10° particles 


corresponding approximately to a primary energy of 3 X 10/5 eV | 


for nearly vertical showers. For large zenith angles, the threshold 
energies are higher. We have estimated the effective energy 
threshold of the artay, Бү, for showers incident from the 
declination of each object considered. This was based on:the 
average atmospheric depth of the.array as seen by showers from 
that declination and on an attenuation length? of 185 рст? 
appropriate to showers of sizes about 10° particles. The effective 
threshold energies dre given in Table 1. 


To test for evidence of periodic emission of UHE y rays in 
phase with the orbital motion of each binary system, the arrival 


time of each air shower was converted to an orbital phase, $ 


(0 <1), after applying a heliocentric correction. Cosmic-ray 


events would be expected to have a uniform phase distribution 


, and the hypothesis of uniformity was tested using the test statistic 
nov proposed by Protheroe!* 


Y, S2[n(n - D]? Y d Y Aven (1) 

+ ged gorge ] 
where, EAE NM 
А, =0.5—[[|(¢, ~ Ф| 0.51 (2) 


` This statistic was designed specifically for testing circular data’ 


for uniformity while being powerful against alternatives in the 
form of a uniform distribution plus a small narrow distribution 
at an arbitrary phase. The statistic Y, representing the data i is 


‘given in Table 1 together with the 5% and 1% critical value! 


for each object. Y, exceeded the 596 critical value for LMC 
X-4 and Cir X-1 but, because 14 objects were examined, only 
LMC X-4 for which Y, exceeded the 196 critical. value. is. 
considered to be significant: 

For the 13 other objects, 9596 upper limits" to the expectation 
of the number of y rays contributing air showers which arrive 
within 6, are given in Table 1; Also given are 95% upper limits 
to the у ray flux and luminosity. The latter takes into account 
a correction for attenuation by electron-photon cascading ^? 


involving photon-photon pair production and inverse Compton ` 


interactions with photons:of the 2.7-K microwave background 
assuming an E^? photon spectrum at the source. In the case of 
galactic objects, the presence of the interstellar magnetic field 
rapidly removes energy from the cascade through synchrotron 


emission and so the photon-photon interactions were пеш | 


purely as an absorption process. 

Figure 1 plots Y,, against period for the 63 events аан 
from within 2.5° of LMC X-4. Previous measurements of the 
orbital period”°-**, which are also indicated, are consistent with 
the range of periods for which Y, is large. 

The LMC X-4 observation may actually be more 'significant 


than suggested by the 1% significance level obtained using the . 
Y, statistic if the peak in the phase distribution is broader than ' 


the effective window width implied by equation (1), that is about 
n^! of the period. The phase distribution of events from within 
2.5? of the direction of LMC X-4 is plotted in Fig. 2. There is 
a significant excess of events between phases 0.90 and 0.95 where 
we observe 12 events when we expect 2.65 events. The probabil- 
ity, p, of this occurring by, chance in a particular bin, obtained 
using the Poisson distribution, is 2.12 x 107?. The phase distribu- 
tion is shown binned in 20 bins in Fig. 2, but was previously 
binned in 10 bins and this binning and rebinning must be taken 
into account when assigning a significance level for the observa- 
tion. For LMC X-4 alone, the probability must then be increaséd 
to 1—(1—p)99*!9 = 6.36 x107^ corresponding to a 3.2-stan- 
dard-deviation observation. Because 14 sources were examined 
for UHE y-ray emission, the probability that the observed phase 
distribution for LMC X-4 resulted from a chance fluctuation of 
cosmic-ray background events is 1—(1— p)?9*!^ = 0.009. It is, 

therefore, probable (99.196 confidence) that the phase distribu- 
tion is not the result of a background. fluctuation. i | 
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Fig. 1 The statistic Y, derived from the phase distribution of the 
63 air showers arriving from within 2.5° of LMC X-4 plotted as a 
function of period. Orbital periods derived by: a, Huchings et al?! ; 


` b, Lang et al? ; and c, Kelley et al?' are indicated. 
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Fig. 2: Phase distribution of the 63 air, ‘showers observed within 

2.5° of LMC X-4. The ephemeris of Kelley et al?” was used. The 

dashed line shows the pen phase distribution of the cosmic-ray 
| ‚ background events. 


' We attribute the excess between phases 0.90 and 0.95, that is 
9 443.5 events, to y rays. This corresponds t to a time- averaged 
integral flux of (4. 6+ 1.7) x107"! photons m? s^! above 10!5 eV. 
Assuming an ЕС? photon spéctrum at the source and taking 
account of electron-photon cascading in the 2.7-K microwave 
background, we obtain a luminosity of about 10° erg 57! per 


. decade; which is of the same order of magnitude as that emitted 


at 2-11 keV energies”. At ultra- high energies then, LMC X-4 
has a luminosity ~20 times? that of Cyg X-3 and. ~5,000 times? 
that of Vela X-1, making it the most.luminous object known at 
these energies. If the magnetic field between our Galaxy and 
the Large Magellanic Cloud exceeds — 10^" G, then the electron- ' 
photon cascade in the microwave background radiation field 
would be reduced by removing energy from it by synchrotron 
radiation!*. In this case, to give the same flux of UHE y rays 
the luminosity of LMC X-4 would need to be окру 
higher by up to a ‘factor of three. | 

Because LMC X-4 is in the Large Magellanic Cloud, some 
50 Kpc away, we would expect, y rays below —10!6eV to be . 
severely attenuated in traversing the 2.7-K microwave back- 
ground. This should be reflected in the energy spectrum of the 
y rays. Unfortunately, the effective energy threshold of the array 
at the time of the observations was close to 10! eV for showers 
incident from the declination of LMC’ X-4 and hence no test 
can be made with the current data for this effect. Recent 
extensions” to the Buckland Park array have. increased its: | 
sensitivity to small air showers and future observations down: 


- to ~10'% eV (for declination --67°) should reveal the presence 


of the absorption feature. Ideally, a new array at a more southerly 
latitude should be used to map out fully the absórption feature 
between below: 10'^ and 10' eV. Such measurements have the 
potential to test the universality of the 2.7-K microwave back- 
ground, measure the magnetic field between our Galaxy and 
the Large Magellanic Cloud, or to provide an ihdependent 
measurement of the distance? to the Large Magellanic Cloud. 
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LMC X-4 is a massive binary system comprising an 07III — V 
or O8III — V star?'? with a mass of ~17 Mo together with a 
~1.6 Мо neutron star?” in orbit with a 1.408-day period. The 
X-ray source has occasional flaring episodes during which 
~30% of the X rays are pulsed?" with a period of 13.5s, 
presumably the spin period of the neutron star. The inclination?" 
of the system is —66? and the X-ray source is eclipsed between 
phase 0.92 and 0.08. İf ОНЕ protons are accelerated in the 
region of the compact object UHE y rays could be produced 
by nuclear interactions in thd atmosphere of the companion 
star. In this case, we would expect y-ray emission at orbital 
phases ~0.92 and 0.08 when our line-of-sight to the neutron 
star just grazes the star's surface. The observation of UHE y 
rays at a phase of 0.90-0.95 is consistent with this picture, 
although the absence of UHE emission at phases 0.05-0.10 is 
puzzling (a similar situation exists for, Cyg X-3 and Vela X-1 
where only one burst of UHE y rays 1s observed per orbit). The 
X-ray source has high and low states associated with a 30.5-day 
period? attributed to precession of an accretion disk. This 
precessing disk picture is supported by ultraviolet observations” 
which indicate an almost constant X-ray heating of the stellar 
atmosphere. 

The star does not appear to fill its Roche lobe”! and seems 
to have a rather low stellar wind?"?*, Mass transfer may occur 
through a trailing accretion stream?! which may feed the 
accretion disk. Evidence for this comes from variable obscur- 
ation of the companion star”! between orbital phases 0.6 and 
0.9 corresponding to matter trailing behind the neutron star by 
between 0.2 and 0.3 of an orbit. If this matter is of considerable 
extent above the orbital plane it could be the target material for 
interactions of UHE protons produced near the neutron star. 
Such a scenario would produce y rays only at a phase of ~0.9 
as observed. | 

We conclude that we have found evidence for UHE y-ray 
emission by the LMC X-4 system modulated with the 1.408-day 
orbital period. The emission occurs when the neutron star is 
just entering its eclipse by the companion star and could result 
from nuclear interactions in the atmosphere of the companion 
by UHE particles produced near the neutron star. Alternatively, 
a trailing accretion stream could provide target material and 
explain the absence of UHE y rays on leaving eclipse. Further 
observations in progess above 105 and 10!$eV coupled with 
observations from a more southerly site at about 10!^ eV could 
provide a test for the universality of the microwave background, 
be used as an indiréct measurement of the magnetic field between 
our Galaxy and the Large Magellanic Cloud, or provide an 
independent measurement of the distance to the Large Magel- 
lanic Cloud. 
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Large losses of total ozone in Antarctica 
reveal seasonal CIO, /NO, interaction 
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High Cross, Madingley Road, Cambridge CB3 OET, UK 





Recent attempts'? to consolidate assessments of the effect of 
human activities on stratospheric ozone (Оз) using one- 
dimensional models for 30? N have suggested that perturbations 
of total Оз will remain small for at least the next decade. Results 
from such models are often accepted by default as global esti- 
mates’. The inadequacy of this approach is here made evident by 
observations that the spring values of total O, in Antarctica have 
now fallen considerably. The circulation in the lower stratosphere 
is apparently unchanged, and possible chemical causes must be 
considered. We suggest that the very low temperatures which 
prevail from midwinter until several weeks aftér the spring equinox 
make the Antarctic stratosphere uniquely sensitive to growth of 
inorganic chlorine, CIX, primarily by the effect of this growth on 
the NO;/NO ratio. This, with the height distribution of UV 
irradiation peculiar to the polar stratosphere, could account for 
the O, losses observed. 

Total O4 has been measured at the British Antarctic Survey 
stations, Argentine Islands 65°S64°W and Halley Bay 
76? S 27? W, since 1957. Figure 1a shows data from Halley Bay. 
The mean and extreme daily values from October 1957 to March 
1973 and the supporting calibrations have been discussed else- 
where^?. The mean daily value for the four latest complete 
observing seasons (October 1980-March 1984) and the 
individual daily values for the current observing season are 
detailed in Fig. 1. The more recent data are provisional values. 
Very generous bounds for possible corrections would be 
+30 matm cm. There was a changeover of spectrophotometers 
at the station in January 1982; the replacement instrument had 
been calibrated against the UK Meteorological Office standard 
in June 1981. Thus, two spectrophotometers have shown October 
values of total О» to be much lower than March values, a feature 
entirely lacking in the 1957-73 data set. To interpret this differ- 
ence as a seasonal instrumental effect would be inconsistent 
with the results of routine checks using standard lamps. Instru- 
ment temperatures (recorded for each observation) show that 
the March and October operating conditions were practically 
identical. Whatever the absolute error of the recent values may 
be, within the bounds quoted, the annual variation of total O, 
at Halley Bay has undergone a dramatic change. 

Figure 1b shows data from Argentine Islands in a similar 
form, except that for clarity the extreme values for 1957-73 have 
been omitted. The values for 1980 to the present are provisional, 
the extreme error bounds again being +30 matm ст. The 
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Fig. 1 Daily values of total O,. a, Halley Bay: thin lines, mean 

and extreme values for 16 seasons, 1957-73; thick line, mean values 2 

for four seasons, 1980-84; +, values for October: 1984. Observing 

season: 1 October to 13 March. b, Argentine Islands: as for Halley 

Bay, but extreme values for 1957-73 omitted. Observing season: , 
1 September to 31 March. 


changes are similar to those seen at Halley Bay, but are much 


smaller in magnitude. 

Upper-air temperatures and winds are available for these 
stations from 1956. There are no indications of recent departures 
from established mean values sufficient to attribute the changes 
in total O, to changes in the circulation. The present-day atmos- 
phere differs most prominently from that of previous decades 
in the higher concentrations of halocarbons. Figure 2a shows 
the monthly mean total О, in October at Halley Bay, for 1957-84, 
and Fig. 2b that in February, 1958-84. Tropospheric concentra- 
tions of the halocarbons Е-11 (СЕС) and F-12 (СЕ,СІ,) in the 
Southern Hemisphere? are also shown, plotted to give greatest 
emphasis to a possible relationship. Their growth, from which 
increase of stratospheric CIX is inferred, is not evidently depen- 
dent on season. The contrast between spring and autumn О, 
losses and the striking enhancement of spring loss at Halley 
Bay need to be explained. In Antarctica, the lower stratosphere 
is ~40 K colder in October than in February. The stratosphere 
over Halley Bay experiences a polar night and a polar day (many 
weeks of darkness, and of continuous photolysis, respectively) ; 

' that over Argentine Islands does not. Figure 3 shows calculated 
amounts of NO, in the polar night and the partitioning between 
the species Of these, only NO, and NO, are dissociated rapidly 
by visible light. The major reservoir, N2O,, which only absorbs 
strongly below 280 nm, should be relatively long-lived. Daytime 
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Fig. 2 Monthly means of total О, at Halley Bay, and Southern 

Hemisphere measurements of F-11 (@, p.p.t.v. (parts per thousand 

by volume) СЕСІ,) and F-12 (О, p.p.t.v. CF;CL). a, October, 

1957-84. b, February, 1958-84. Note that F-11 and F-12 amounts 
increase down the figure. 


‘levels of NO and NO, should be much less in early spring, 
‚ following the polar night, than i in autumn, following the polar 


day. Recent measurements! support these inferences. The effect 
of these seasonal variations on the strongly interdependent CIO, 
and NO, cycles is examined below. 

The О» loss rate шил from NO, and CIO, may be written? 


= МЕС =2 k[O][NO;]+2 kJO][CIÓ] (1) 


L accounts for over 85% of О, destruction in the altitude range 
20-40 km. At 40 km, № and С are roughly equal. Lower down, 
C decreases rapidly to 1096 of L at 30 km, 396 at 20 km (refs 
6, 8). Equation (1) is based on two steady-state approximations, 
(see Table 1a for the.reactions involved) 
_[NO,] _ [Os] t [CIO] 


[NO] k[O0]*j 


D 


and 


[CH kfO]+k NO] 


X-ico] Os e 


valid in daytime, with [O] in steady state with [0]. Reaction 


(4) has a negative temperature coefficient, whereas reaction (1) 
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Table 1 Reaction list a 
40 
a Governing y and x (see text) 
NO-*0,2 №О,+0, (1) 
NO,* 0-2 NO-0; (2) " 
NO, + hv» NO O (3) Ё 
МО+СО- NO,+Cl (4) 
Cl+0,>ClO+0, (5) € 
CIO* O^» CI- 0; (6) 5, 30 
b Governing [C1 - CIO] 2 
z 
HCI+OH > C1+H,0 (7) 25} ZNO% 
CIONO, + hv > CIO NO, (8) 
HOCI + hv>Cl+OH (9) 
CIO + NO; + M» CIONO;* M (10) 20 
CIO 4 HO; HOCI+0, (11) 
Cl+CH,> НСІ+СН; (12) 
CI- HO,» НСІ+О, (13) К 
с НСІ+СІОМО, > Cl, + HNO, (14) 1 2 5 10 20 


has large positive activation energy’, with the result that y is 
strongly dependent on [CIO] at low temperature, as shown in 
Fig. 4. [CIO] is not simply proportional to total CIX, because 
CIONO, formation (reaction (10)) intervenes. Throughout the 
stratosphere, x « 1, so that [CIO] ~[C1+ CIOJ. From a steady- 
state analysis of the reactions given in Table 1b, 


k {HCI [OH] +J} [CIONO] +j [HOCI] 
kiol NO2] + k [HO] + x(ky2fCH4] + k;4[HO;]) 


Values of y, x and [СІ+ СІО] obtained from equations (2), (3) 
and (4) are in good accord with full one-dimensional model 
results for late summer in Antarctica’. Neglecting seasonal 
effects other than those resulting from temperature and from 
variation of [NO + NO,], it is possible to solve simultaneously 
for [NO] and [CIO], and to derive L. Results are shown in 
Table 2 as relaxation times®, [O4]/ L, for various conditions. The 
spring values (lines 2, 3 and 4) are highly dependent on CIX 
amount (compare columns a and b), the autumn values (line 
1) much less so. At Argentine Islands, the sensitivity to CIX 
growth should resemble that seen in line 2, attributable solely 
to low temperature. Lines 3 and 4 show the enhanced sensitivity 
possible at stations within the Antarctic Circle, such as Halley 
Bay, arising from slow release of [NO + NO;] following the 
polar night It remains to be shown how stable О; budgets were 
achieved with the relaxation times for the lower chlorine level 
(Table 2, a). 

Much O; destruction is driven by visible light, but production 
requires radiation below 242 nm. On the dates shown (Table 2), 
destruction persists for some 11 h, while, because of the long 
UV paths, production 15 weak (except around noon) at 29 km, 
and is virtually absent below that altitude. Line 1 of Table 2 
then demands О» transport in autumn from the upper to the 
lower stratosphere, which is consistent with inferred thermally- 
driven lagrangian-mean circulations!?. A mean vertical velocity 
of 45 m per day is in good accord with calculations of net 
diabatic cooling!! and gives a realistic total O4 decay rate in an 
otherwise conventional one-dimensional model$. The short 





[CI 4 CIO] - (4) 





Total NO,/10° cm? 96 Total NO, 
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Fig.3 NO, during the polar night. a, Total NO, cm"^?, from 15 
to 43 km b, NO,, CIONO, and HNO, as percentages of total NO,. 
с, NO,, HNO, and №,О; as percentages of total NO, 


relaxation times in the lower stratosphere in autumn are toler- 
able, with adequate transport compensating for lack of О; pro- 
duction. 

In early spring, on the other hand, wave activity scarcely 
penetrates the cold dense core of the Antarctic polar vortex and 
with very low temperatures the net diabatic cooling is very 
weak!!. Lagrangian transport in the vortex should then be almost 
negligible. (The virtual exclusion of Agung dust from the vortex 
supports this view^.) The final warming signals the end of this 
period of inactivity and is accompanied by large dynamically 
induced changes in O, distribution. However, before the warm- 
ing, with low chlorine, total O4 was in a state of near-neutral 
equilibrium, sustained primarily by the long relaxation times. 


Table 2 Relaxation times in days, [O,]/ L, for maximum chlorine levels 1.5 p.p.b v (а) and 2.7 p p b.v (Б) (1980) 





Altitude (km) 22 25.5 
Relative 
Date NO-« NO; a b a b 
25 March 1 105 103 38 37 
17 September 1 224 210 86 77 
17 September 0.75 288 265 107 93 
17 September | 05 398 353 141 118 





29 32.5 36 39.5 43 
Ь а b a b a b a b 
15 6.9 57 26 20 12 09 0.83 057 
27 12.2 9.2 49 3.4 2.6 17 1 90 1.22 
31 142 104 5.7 3.9 3.0 19 2.13 133 
36 17.0 12.0 6.5 4.5 3.5 22 2.41 1.46 


Noon values at 75.5°S, solar elevation 12.5°. Lower stratosphere at 230 K on 25 March; 190 K on 17 September. The altitudes shown apply to 


the summer temperature profile used in the model®. 








чо LETTERS TO NATURE 











0 0.5 1.0 1.5 2.0 
Relative CLO 


Fig. 4 [NO,]/[NO+NO,] has the status of an efficiency factor 
for О» destruction by the NO, cycle. In terms of the ratio y in the 
text, ıt is 4/(1+ y). The figure shows how this factor varies with 
[CIO] at 190 К and at 230 К, at altitudes of 29 and 36 km. Values 
of [03], [О], [CIO] and у, were taken from one-dimensional model 
results (maximum chlorine 2.7 p.p b.v.) for noon, 25 March at 
75.5? S, solar elevation 12.5°. The abscissa is [CIO] relative to the 
model value The rate-limiting reaction, (2) 1n Table 1, for the NO, 
cycle has zero activation energy. Note how, nevertheless, O4 was 
protected against destruction by NO, at low temperatures 1n a 
stratosphere with small amounts of CIX, but is losing this protection 
as CIX grows. 


With higher chlorine, relaxation times of the order seen in line 
4, Table 2, entail more rapid O, losses. With negligible produc- 
tion below 29 km and only weak transport, large total О» per- 
turbation is possible. The extreme effects could be highly local- 
ized, restricted to the period with diurnal photolysis between 
polar night and the earlier of either the onset of polar day or 
the final spring warming. At the pole [NO + NO;] rises con- 
tinuously after the polar night, with the Sun. The final warming 
always begins over east Antarctica and spreads westwards across 
the pole. At Halley Bay the warming is typically some 14 days 
later than at the pole. Maximum О; depletion could be confined 
to the Atlantic half of the zone bordered roughly by latitudes 
70 and 80° S. 

Comparable effects should not be expected in the Northern 
Hemisphere, where the winter polar stratospheric vortex is less 
cold and less stable than its southern counterpart. The vortex 
is broken down, usually well before the end of the polar night, 
by major warmings. These are accompanied by large-scale sub- 
sidence and strong mixing, in the course of which peak О; values 
for the year are attained. Hence, sensitivity to CIX growth should 
be minimal if, as suggested above, this primarily results from 
О; destruction at low temperatures in regions where О, transport 
is weak. 

We have shown how additional chlorine might enhance O, 
destruction 1n the cold spring Antarctic stratosphere. At this 
time of the year, the long slant paths for sunlight make reservoir 
species absorbing strongly only below 280 nm, such as N5O,, 
CIONO, and HO;NO,, relatively long-lived. The role of these 
reservoir species should be more readily demonstrated in 
Antarctica, particularly the way in which they hold the balance 
between the NO, and CIO, cycles. An intriguing feature could 
be the homogeneous reaction (Table 1c) between НСІ and 
CIONO,. If this process has a rate constant as large as 
10715 cm? 57 (ref. 2) and a negligible temperature coefficient, 
the reaction would go almost to completion in the polar night, 
leaving inorganic chlorine partitioned between HCl and CL, 
almost equally at 22 km for example. Photolysis of Cl, at near- 
visible wavelengths would provide a rapid source of [Cl - CIO] 
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at sunrise, not treated in equation (4). The polar-night boundary 
is, therefore, the natural testing ground for the theory of non- 
linear response to chlorine”. It might be asked whether a 
nonlinear response is already evident (Fig. 2a). An intensive 
programme of trace-species measurements on the polar-night 
boundary could add greatly to our understanding of stratos- 
pheric chemistry, and thereby improve considerably the predic- 
tion of effects on the ozone layer of future halocarbon releases. 

We thank B. A. Thrush and R. J. Murgatroyd for helpful 
suggestions. 
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Ophiolites are regarded widely by geologists as remnants of old 
oceanic crust that has been obducted onto the continental margins 
during ocean or marginal basin closure and orogeny. Therefore, 
they provide evidence for the existence of old oceans and oceanic 
basins and are a key to the extension of plate tectonic modelling 
into pre-Mesozoic rock assemblages. In the Caledonide— 
Appalachian orogen, ophiolites are known although very few of 
these are dated well enough to provide accurate constraints on 
plate-tectonic kinematics. We report here the discovery of an 
ophiolitic sequence within the rocks of the Tyrone Igneous Complex 
in Northern Ireland. U/Pb dating combined with field evidence 
indicates that the Tyrone ophiolite was formed and then obducted 
onto the northern margins of the Iapetus Ocean close to 470 Myr 
BP (Arenig). 

The Tyrone Igneous Complex (Fig. 1) occurs in an approxi- 
mate along-strike continuation of the Midland Valley of Scot- 
land; it is partly overlain by Upper Palaeozoic sediments within 
a shallow graben structure bounded by Dalradian rocks to the 
north and the Lower Palaeozoic of the Southern Uplands- 
Longford-Down zone to the south. The complex consists of 
three units (Fig. 1): a middle Ordovician (Llandeilo-Caradoc) 
volcanic sequence; a high metamorphic grade gneiss unit ‘the 
central inlier’; and a unit of gabbros and dolerites previously 
called ‘the basic plutonic complex'. Opinions on the age 
relationships and significance of the units have varied. Originally 
the basic plutonic complex and volcanics were grouped together 
as Llandeilo-Caradoc and regarded as being altogether younger 
and in tectonic contact with the central gneisses”. Alternatively, 
the basic complex has been correlated with layered basic 
intrusions of Connemara and Aberdeenshire. This led to the 
view that both basic rocks and gneisses were older than and in 
unconformable contact beneath the Ordovician volcanic 
sequence’, 


NATURE VOL 315 16 MAY 1985 








Fig.1 a, Outline geological map of the Midland Valley zone in 
the British Isles (diagonal ruling). Southern Uplands zone (stipple). 
Dalradian and older (cross hatch). HBF, Highland Boundary 
Fault; SUF, Southern Uplands Fault; Caledonian ophiolites: T, 
Tyrone; B, Ballantrae; HBC, Highland Border Complex; A, Achill 
Island; CB, Clew Bay; O, Ox Mountains. b, Outline geological 
map of the Tyrone Igneous Complex. Dalradian (cross hatch); 
Upper Palaeozoic-Tertiary cover (diagonal ruling); Llandeilo- 
Caradoc volcanics (V); granite (+); central inlier gneisses (~); 
ophiolite sheeted dykes (@); ophiolite transition (0); ophiolite 
gabbros (О); tectonic contacts (barbed lines); unconformites 
(toothed lines); C, Carrickmore; P, Pomeroy; CBH, Craigbally- 
harky pluton: S, the Scalp. 


Reconnaisance remapping and reassessment of the ‘basic 
plutonic complex’ (D.H.W.H.) indicates that this is part of an 
ophiolite 35 x 10 km in area. The lowermost exposed part of this 
is essentially gabbroic with variably developed cumulate layer- 
ing* as well as leucogabbros and isotropic and pegmatoid gab- 
bros. Overlying this and previously unrecognized as such is a 
sheeted dyke complex. This is most clearly seen in Carrickmore 
Quarry [609 721] (Irish National Grid), which exposes 100% 
dolerite made up of parallel dykes averaging 1 m in thickness. 
These intrude each other to produce both two-sided chills and, 
more commonly, the classic one-sided chilled margins typical 
of sheeted dyke complexes. Elsewhere in the Carrickmore area 
and along strike for 18 km to the north-east and in another slice 
of the ophiolite to the north, this dolerite is found and is 
composed entirely of dykes cutting dykes. The dykes in the 
complex have general north-east south-west trends and are 
vertical-to-moderately south dipping. In the lower parts of the 
sheeted complex the dykes are often deformed parallel to their 
margins. Overlying the dolerites and so far recorded in only two 
localities (Carrickmore, and Craigballyharky [732 755]) are a 
few metres of spilitized basaltic pillow lavas with thin chert 
screens and fragments. 

Separating the sheeted dyke complex from the gabbros is a 
complicated transition zone. This contains early sheeted-dyke 
dolerites, often strongly deformed, which are cut and intruded 
by isotropic and pegmatitic gabbros as irregular bodies and 
veins. This zone is probably the result of repeated intrusion of 
the gabbro magma chamber in the vicinity of the spreading 
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Еір. 2 U/Pb concordia diagram showing data for zircons from 
the Craigballyharky tonalite and, for comparison, other local rock 
types, namely, the Ballantrae complex’? (the nearest other 
ophiolite), late Caledonian ( ~ 400 Myr вр) granites (Distinkhorn?? 
and Loch Doon’), а greywacke from the Southern Uplands of 
Scotland!? and a granulite facies xenolith from the Midland Valley 
of Scotland" €, Craigballyharky tonalite R.C.2005; V, Ballantrae 
trondbjemite R.C.1502; C], Loch Doon granite R.C.1812; A, Dis- 
tinkhorn granite R.C.965; +, S. Uplands greywacke R.C.1813; x, 
Granulite facies metasedimentary xenolith, Partan Craig R C 1861. 


centre into the overlying sheeted-dyke complex. The deformed 
dolerite dykes probably represent ductile extension fault 
development sub-parailel to the dykes, a consequence of newly 
formed oceanic lithosphere subsiding away from the ridge crest 
during cooling and crvystallization?. 

Within the lower part of this zone and in the gabbro unit, at, 
for example, the Scalp [636 745], there are common small 
intrusive sheets, bodies and net vein systems of tonalite, quartz 
diorite and trondjemite. These have complex time relationships 
with the basic rocks and the deformation and are interpreted 
as silicic differentiates from the developing ocean crust. Apart 
from older records of small serpentine occurrences in Tyrone 
and the identification in the present study of clinopyroxenite 
pegmatites (thought to be typical of the gabbro-peridotite con- 
tact in ophiolites?), there are no ultrabasic rocks present. This 
is probably the result of thrusting, because all the external 
contacts of the ophiolite are tectonic. 

A feature of the entire basic complex that previous models 
could not easily explain is the widespread development of 
moderate-to-high-grade metamorphism. The gabbros and 
dolerites are irregularly uralitized to epidote amphibolite meta- 
morphic assemblages without, in general, any accompanying 
deformation. This is typical of the metamorphism of many 
ophiolites and is probably the result of metasomatic metamorph- 
ism by circulating hot brines in the oceanic environment’. 

The sequence described above, which occurs in two tectonic 
slices separated by the central inlier, is clearly part of an 
ophiolite?. The bottom of the ophiolite has been removed 


Table 1 U/Pb isotope data for zircons from Craigballyharky pluton, Tyrone 











Size 1 206 
fraction Pb ' U Pb Atom. % 
(j.m)* (ppm)  (p.p.m) ?04pp 206pp 207рь 
—85 124 138 2,429 74.38 4.30 
—85+70 147 151 2,403 68.25 394 
—53 14.9 161 2,260 70.77 4.03 


Atomic ratios Apparent age (Myr BP) 


207 pp 207 Pb 206pp 207 ph 207pp 206рь 
"Pb р эр зу б эр Жр 
21.42 0.057939 0.61533 0.077020 528 487 478 
27.81 0.057699 0.61236 0.076967 518 485 478 
25.200 0.056945 0.59819 0.076183 489 476 474 





* All size fractions analysed were non-magnetic at a side inclination of 1°. Uncertainty in 207РЬ/23507 апа 208рЬ/2381] estimated at 0.3% and 0.2% 


+630 


(19) respectively. Regression of data using the method of York? yields upper intercept of 2,030793°-Myr вр and lower intercept of 471+2-Муг вр 
(SUMS = 0 52) All isotope measurements were made using a VG Micromass MM308 mass spectrometer. 
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tectonically and much of the uppermost (basalt-sediment) part 
has been removed by tectonism or erosion or both. The Tyrone 
ophiolite is not equivalent to the Connemara and Aberdeenshire 
layered basic complexes by virtue of its structure and its non- 
intrusive nature. 

The Tyrone ophiolite is cut by a number of small granitic 
plutons, many of which are biotite and hornblende granites and 
granodiorites and may be Devonian in age?. The Craigballyharky 
pluton however, which occurs near the village of Pomeroy [732 
755], is a tonalite quartz-diorite granodiorite body that intrudes 
the ophiolite. The marginal quartz diorite of the Craigballyharky 
intrusion has a hybrid igneous character that has been inter- 
preted as the result of interaction and mixing between the 
ophiolitic basic country rocks and the intruding central tonalite 
magma’. To achieve such mixing, the basic rocks themselves 
must have been at quite a high temperaure. As there is no 
evidence in the area for a separate post-obduction pre-granite 
heating event of the ophiolite, this high temperature must have 
been a relic of the ophiolite ocean floor metamorphism. Thus 
the age of emplacement of the tonalite must approximate the 
age of the ophiolite itself or be slightly later than it. 

In Table 1 we report U/Pb isotope data for three zircon size 
fractions from a sample of the main tonalite unit at Craigbally- 
harky. Techniques are described elsewhere’? and are summar- 
ized in the table footnote. The results are moderately discordant 
and when plotted on a conventional concordia diagram (Fig. 
2) define a discordia line with a lower intercept of 47172 Myr 
BP and an upper intercept of 2,0307$33 Myr BP (2с). 

We interpret the lower intercept as the age of intrusion of the 
Craigballyharky tonalite. This, from the foregoing arguments, 
places close constraints on the age of the ophiolite itself, which 
was formed at or just before 47172 Myr BP (Arenig) The 
ophiolite is therefore older and quite distinct from the Llandeilo- 
Caradoc (~455 Myr BP) volcanic sequence with which it has 
been correlated in the past. 

The upper intercept indicates that the source of the magma 
and/or the material assimilated by the magma contained zircons 
of early Proteozoic age. This result is very similar to that obtained 
for zircons in Ordovician greywackes from the Southern Uplands 
of Scotland!? and also from a metasedimentary granulite-facies 
xenolith from a vent in the Midland Valley of Scotland'’. The 
U concentrations of the Craigballyharky zircons (Table 1) are 
among the lowest recorded from rocks of the British Isles and 
are very similar to those of zircons from the Ballantrae trond- 
jemite'* and to zircons from, again, the Midland Valley 
granulite-facies xenolith!!. Such low concentrations are expec- 
ted from granitic regimes that have been melted from basic 
oceanic crust or from granulite facies continental crust. A plaus- 
ible explanation to these data, therefore, is that the tonalite 
represents a mixture of both a mafic component from a relatively 
young ocean crust and a felsic component from old (Proterozoic) 
continental crust. We suggest that this crust was part of the 
northern continental margin to the Iapetus Ocean at this time. 
Thus, the tonalite rose through the margin and cut the ophiolite 
very soon after it had been obducted. Hence ophiolite formation 
and obduction occurred close together in time at 471*2 Myr BP 
(Arenig). 

The age of the Tyrone ophiolite compares well with the age 
of the Bay of Islands complex (475-515 Myr Bp)'*""*, Ballantrae 
(~480 Myr BP), Shetland (465-479 Myr вр)! and Thetford 
in Quebec (—490 Myr BP)”. The Tyrone data provides an impor- 
tant link between the Newfoundland and Scottish ophiolites 
and confirms that, during the late Tremadoc-Arenig, ophiolite 
formation and obduction was probably widespread along the 
Caledonide-Appalachian system. In the British Isles it is per- 
haps significant that the Caledonian ophiolites north of the 
Iapetus suture all lie 1n the Midland Valley of Scotland and its 
extension into Ireland. Thus, in Scotland the ophiolitic frag- 
ments of early Arenig age or older that occur in the Highland 
Border complex!? may be comparable with at least part of the 
Ballantrae ophiolitic sequence seen further to the south!^'? 
(Fig. 1). In Ireland, Tyrone, the largest of these ophiolites, has 
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obvious similarities in both age and setting to Ballantrae. Further 

west in Ireland the undated Clew Bay ophiolitic melange and 

the Achill Island serpentinitic melange? are disrupted 

Caledonian ophiolites that may be compared with the Highland 

Border rocks. Also, nearby in the Ox Mountains, small scraps 
of Caledonian serpentinite are recorded”. One view of these 
ophiolite occurrences in the Midland Valley is that a closed 
Ocean or oceanic basin is concealed at the site of the Highland 
Boundary or Southern Uplands fault'®?*. An alternative view, 
presented here, is that the Midland Valley basement ıs part of 
the Proterozoic North American continental margin to Iapetus, 

onto which ophiolites were obducted from the south during the 

Ordovician The Highland Boundary and Southern Upland fault' 
have been identified recently???^ as long lived Palaeozoic trans- 

current faults. We suggest that the Midland Valley became 
detached from the North American continent along these faults 

by sinistral movements, probably culminating in the early 
Devoman?>**, which displaced this allochthonous terrane north- 

eastwards into its present position. 
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Between 1978 and 1981, five shallow main shocks occurred in 
Greece and the surrounding region. Here we consider the space- 
time distribution of the foreshocks and the aftershocks of these 
earthquakes by interpreting the migration characteristics of the 
epicentres in terms of the barrier model’. This model suggests that 
segmented ruptures can occur in a seismic fault but that the rupture 
front may be stopped by a barrier, or may propagate over the 
whole fault plane leaving the barrier unbroken. These unbroken 
barriers result in aftershocks due to the concentration of stress 
there, and cause migration of major events along a plate boundary. 
This migration may be an important factor for the prediction of 
earthquakes. 

According to the barrier model, segmented ruptures could 
occur in a seismic fault, that is, slip could occur 1n cracks during 
the fault rupture process, while the region between cracks 
remains unbroken after the rupture. A rupture front may be 
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stopped by a barrier, but elastic waves generated by the slip can 
break the fault plane ahead of the barrier. Then, the rupture 
can propagate over the whole fault plane to leave the barriers 
unbroken The residual stress over the fault plane immediately 
following the rupture is ‘not uniform. Consequently, the stress 
will concentrate at the unbroken barriers” and cause aftershocks. 
Barriers also cause migration of major events along a plate 
boundary, such as the westward migration of great earthquakes? 
on the Anatolian fault which took place between 1939 and 
1944, 

During 1978-81, five shallow main shocks with surface wave 
magnitudes 26.5 occurred in Greece and the surrounding area. 
Table 1 lists the focal coordinates (Ф, A, й), the surface wave 
magnitude (M,), number of observations (№), mean error of 
the origin time (r.m.s.), and mean error in the location (ERH, 
km) for the main shocks. 

To determine accurate locations of the epicentre and the focal 
depth, we used the HYPO 71 computer program?, adopting a 
two-layer crustal model above a half space? with the following 
thicknesses (d,) of the layers, and velocities (V,); d, —19.0 km, 
V, = 6.0 km s^5, d,=12.0km, У, = 6.6 kms !. The P-wave veloc- 
ity in the half space has been taken as 7.9 km s^!. The accuracy 
in the determination of the focal parameters has been improved 
by using time delay corrections? on the arrival times at the 
seismological stations in Greece and neighbouring countries. 
The average ERH for all the shocks of the five seismic sequences 
is satisfactory for our purpose, being 2.023: 0.9 km. 

Figure 1 is a map of Greece and of the surrounding area 
showing the strikes of the faults producing the five seismic 
sequences The main source parameters of these earthquakes 
are known''. To investigate the space-time distribution of the 
epicentres of the five seismic sequences, the position of the 
epicentre projection on the strike direction of the fault plane, 
which is the largest dimension of the aftershock area, is plotted 
against time for each sequence. The distances from the epicentre, 
x, are always measured from a point, A, which is located at one 
of the two ends of the fault's strike, because the epicentre 
migration takes place parallel to this direction. 

Figure 2 shows the space-time diagrams of the five seismic 
sequences. In three of these, the main shock was preceded by 
smaller shocks. In the Thessaloniki 1978 seismic sequence (Fig. 
2a), these shocks migrated towards the main shock epicentre, 
that is, from east to west, while in Montenegro 1979 and Mag- 
nesia 1980 seismic sequences (Fig. 2b, c) these shocks are very 
closely related, in space and time, with the main shock. This 
clearly shows that these earthquakes are real foreshocks of the 
three main shocks. 

In all five cases, after the main shock, the aftershock activity 
expanded from the focus of the main shock to one (Fig. 2a, c, 
d) or both ends (Fig. 2b, e) of the fault, reaching these ends 
after 2 h, 24 min, 7 h, 15 min and 30 min respectively 

Figure 2 shows that parts of the faults do not have aftershocks. 
For example the central parts of the faults which produced the 
Monte-Negro 1979 (Fig. 25), the Magnesia 1980 (Fig. 2c), the 
Alkyonides Gulf 1981 (Fig. 2d) and the Northern Agean 1981 
(Fig. 2e) seismic sequences. These are the parts of the faults 
which presumably slipped smoothly during the main shocks. 
The dashed circles in Fig. 2d denote shocks related to an 
antithetic fault parallel to the main fault. 
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Fig. 1 


Index map indicating the stnkes, AB, of the main faults 
of the five seismic sequences Migration of these shocks in each 
sequence was investigated along these strikes Positions 1-5 corre- 
spond to a-e of Fig. 2 


The aseismic slip induced high tectonic stress at one or both 
ends of the fault where the clustering of aftershocks is observed 
The clustering probably indicates the sites of the barriers where 
high stress was induced following the main shocks. 

„After a time interval, which varies from sequence to sequence, 
the stress reached the barrier's ultimate strength, breaking the 
strongest barrier and producing the largest aftershock in each 
seismic sequence. 

Three out of five main shocks with M,=6.5 were preceded 
by recorded foreshocks. These foreshocks started 5 to 42 days 
before the main shocks and were either very close to the epi- 
centres of the main shocks or their epicentres migrated to the 
epicentres of the main shocks. Detailed studies of foreshocks 
could, therefore, contribute to the prediction of the main shocks. 

In three of the seismic sequences, the focus of the main shock 
was located in the middle section of the fault; in the other two 
cases, it was located near one end of the fault. Thus, the focus 
of the main shock can be anywhere in the fault. 

In all five cases, the aftershock activity expanded to one or 
to both ends of the fault after the main shock and reached these 
ends within one day. In all five cases, the largest aftershocks 
occurred near the one end of the fault within a time period 
which varied from sequence to sequence between 15 min and 
38 days after the main shock. This observation shows that a 
continuous monitoring of the aftershock activity can lead to the 
prediction of the epicentre of the largest aftershocks which 
sometimes produce damage comparable with that of the main 
shock. 

The barrier model gives a general explanation of the occur- 
rence of the shocks of the seismic sequences, but detailed knowl- 





Table 1 Data for the main shocks of the five sequences 
Origin Location h r m.s ERH 
No Date time e CN) A CE) (km) M; N (s) (km) Ref. 
1 20 June 1978 20.03.23 40.73 23.25 8 65 385 — — 4 
2 15 April 1979 06:19:41 41.93 18.99 1 7.1 33 046 1.4 5 
3 9 July 1980 . 02:11:57 39.28 23.11 9 6.5 17 0.50 2.4 6 
4 24 February 1981 20:53.37 38.16 22.88 10 67 36 0.39 15 7 
5 19 December 1981 14:10.52 39.08 2524 3 73 36 0.43 13 = 


* Our determination. 
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Fig. 2 Space-time distribution of the five seismic sequences. a, 
Thessaloniki, 1978; b, Montenegro, 1979; c, Magnesia (cehtral 
Greece), 1980; d, Alkyonides Gulf, 1981; e, northern Aegean, 1981 
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edge of the space-time distribution of shocks would improve 
this model. 
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The origin of authigenic ankerite 
from the Ninian Field, UK North Sea 


J. D. Kantorowicz* 
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The carbonate minerals ankerite and ferroan dolomite are widely 
reported in studies of concretions' and of sandstone hydrocarbon 
reservoirs" 5. These minerals are often thought to have formed 
relatively late in the sandstones? diagenetic history and in the Gulf 
Coast their occurrence has been linked to clay mineral diagenesis 
in the surrounding shales?. I describe here authigenic ankerite 
from the Ninian Field'". Ankerite formation was probably syn- 
chronous with hydrocarbon emplacement and is related to clay 
mineral diagenesis in the hydrocarbon source rocks of the Viking 
Graben. It occurs throughout the reservoir sandstones but is par- 
ticularly abundant below the oil-water contact. This distribution 
reflects hydrocarbon emplacement arresting diagenesis at pro- 
gressively deeper levels of the reservoir. Fhe resulting preferential 
cementation may adversely affect transmissibility between the 
aquifer and the oil column and consequently could reduce hydro- 
carbon recovery. 

Two forms of authigenic ankerite are observed in cores from 
Wells 3/3-1, -2 and -3 from the Ninian Field in the northern 
North Sea. The reservoir comprises Middle Jurassic Brent Group 
sandstones! and is characterized by a complex diagenetic 
mineralogy including clay minerals, quartz and feldspar over- 
growths, siderite, pyrite, calcite and barytes!!. The two forms 
of ankerite occur irrespective of depositional facies and enclose 
and replace the earlier formed authigenic minerals. The first 
form is concretionary and occurs in finer-grained sediments. It 
comprises large poikilotopic crystals several millimetres in 
length which totally fill pore space and constitute 23-50% of 
the bulk rock volume. The second form is discrete pore-filling 
rhombs, 20-40 ш in length which form up to 1% of the bulk 
rock volume above the oil-water contact, but up to 596 below. 

Carbon and oxygen stable isotope ratios of ankerite samples 
are compiled in Table 1. Carbon isotope ratios can provide 
information on the origin of the bicarbonate in carbonate 
minerals’. Carbonates precipitating from seawater have a 68C 
of 0% PDB. Also, carbonates incorporating bicarbonate from 
specific bacterial degradation reactions have specific 8C com- 
positions of —20 to —25 or +15% (ref. 1) or intermediate values 
if bicarbonates are liberated by more than one mechanism. 
The carbon isotope compositions of these ankerite samples 
(8C —7.1 to —13.6) are not indicative of a specific source of 
bicarbonate. These values could result from precipitation in 
pore waters supplied by two sources of bicarbonate. Alterna- 
tively, this composition could reflect the dissolution, equilibra- 
tion and reprecipitation, of in situ carbonate cements of one 
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isotopic composition with CO, produced during abiotic degra- 
dation of organic matter or hydrocarbon maturation. 

Oxygen isotope ratios can, in certain circumstances, provide 
information on the temperature of mineral precipitation. During 
isotopic equilibrium precipitation, the 5' О composition of a 
carbonate is related to both the temperature of precipitation 
and the composition of the fluid from which it precipitated 
Assuming the pore waters to have been Jurassic seawater (5'°O = 
1.2%)'* the temperature at which ankerite precipitated 1s esti- 
mated to be ~115 °C. Because the isotopic composition of the 
pore waters from which ankerite precipitates 1s unknown this 
temperature is unlikely to be accurate. However, the isotopic 
composition is consistent with precipitation from isotopically 
light, and/or hot pore waters"? Interpretation of the isotopic 
data confirms —petrographical observations. Ankerite 
authigenesis was late in the diagenetic sequence and occurred 
at a ‘temperature’ approaching the present reservoir temperature 
of 100°C (ref. 10). Precipitation probably involved CO, gener- 
ated in a hotter, more deeply buried hydrocarbon-source rock 
in the Viking Graben and was related to Tertiary hydrocarbon 
migration into the геѕегуоіг!"!3-!5, 

Electron microprobe analysis reveals various chemical com- 
positional trends within individual crystals. These trends reflect 
local fluctuating pore-water compositions during precipitation. 
However, the data as a whole exhibit a gradual decrease in 
CaCO, content with increasing depth (Fig. 1). It is suggested 
that this gross compositional change reflects evolving pore-water 
composition. When ankerite precipitation began throughout the 
reservoir pore waters were more calcium-rich. As hydrocarbons 
filled the reservoir, the precipitation of ankerite continued but 
pore-water composition changed progressively. The last ankerite 
precipitation occurred below the present oil-water contact, in 
relatively calcium-depleted pore waters. 

Dissolution of, and equilibration with, earlier formed calcite 
or siderite respectively could have supplied the Ca?* or Fe 
required for ankerite precipitation. The replacement of calcite 
certainly may be implied from the high-minus cement porosities 
of the concretionary ankerites. However, ankerite, siderite and 
calcite coexist in the water. If dissolution and equilibration did 
take place, calcite dissolution would have become unfavourable 
during later precipitation when equilibrium was reached. This 
would explain the chemical compositional trends seen in the 
ankerite. Mg?*, however, must have been introduced from out- 
side the system, there being no precursor Mg”*-bearing minerals 
present In the Gulf Coast^?, ankerite formation in sandstones 
is related to mudrock diagenesis in the surrounding shales. The 
replacement of smectite by illite releases Mg^* and Fe?* into 
solution?, at temperatures which mark the onset of hydrocarbon 
migration*'^*, In both the hydrocarbon source rocks of the 
Viking Graben, and elsewhere in the North Sea, the replacement 
of smectite by illite has occurred and cation release 1s likely to 
have overlapped hydrocarbon generation'**"*. 

It is postulated that ankerite began to form in the Ninian 
Field during hydrocarbon emplacement, as the invading pore 
waters reached equilibrium with the formation. In view of the 
sealed nature of the reservoir during hydrocarbon accumulation, 
fluid low must have been convective'®. Poikilotopic ankerite 
began to form by nucleating on and replacing preexisting 
authigenic calcite. Ubiquitous pre-filling rhombs also formed at 
this time Ankerite precipitation continued below the oil-water 
contact as hydrocarbons arrived but was arrested as the oil 
column grew progressively while the reservoir filled. As Ғе?“ 
and Mg?* continued to arrive in the hydrocarbon-bearing fluids, 
pore-water compositions changed, leading to formation of pro- 
gressively Ca” poorer ankerite with increasing depth (Fig. 1). 
The earlier formed cements now occur in the oil-bearing sand- 
stones and the discrete pore-filling ankerite rhombs both in the 
oil and below the oil- water contact in the aquifer, having formed 
as saturated pore waters were displaced downwards by the 
accumulating hydrocarbons. Late stage ferroan carbonates and 
ankerites are reported from reservoirs elsewhere". In view of 
the widespread association of altering smectites and maturing 
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Fig. 1 Chemical compositional trends of ankerite from the Ninian 
Field Data points are labelled in core or drillers depths The 
oil-water contact in 3/3-3 occurs at 10,503 feet drillers depth 
(3201 3 m). Electron microprobe analyses were performed with a 
Links Systems Model 290 energy dispersive analyser fitted to a 
Cambridge Instruments Geoscan. The operating conditions were 
beam voltage 15 У, specimen‘current 2 5 nA and beam width 1 pm. 
The raw data were recalculated with a Links Systems ZAF 4 soft- 
ware package Depths of the three cores in metres are 3,194.3 m, 

3,238.2 m and 3,240.6 m, respectively. 


source rocks”'?, many may have a similar origin, although this 
has not been widely recognized". 

In the Gulf Coast, ankerite authigenesis is reported to be 
succeeded by the replacement of kaolinite by chlorite?. This 
reaction is also related to the release of Fe^* and Mg^* during 
smectite's transformation to illite’. In the Ninian Field and in 
Brent Group sandstones elsewhere, chlorite is only reported to 
occur in the Broom Formation’! and it 1s not interpreted as 
replacing kaolinite!. This could be due to the sediments not 
having reached the appropriate pore-water conditions. Alterna- 
tively, the Gulf Coast model may not be universally applicable 
as shown by the doubt concerning the original concept of the 
reaction's structural mechanism". 

In the Ninian Field, porosities at the oil-water contact are 
not reduced significantly by ankerite precipitation!'?. Indeed, 
ankerite 15 disseminated throughout the reservoir sequence. 
Authigenesis here has been promoted by metal cations and 
bicarbonate released from hydrocarbon-source rocks, and pro- 
gressively arrested by the arrival of hydrocarbons. By contrast, 
with rapid hydrocarbon accumulation and a plentiful supply of 
bicarbonate and metal cations, ankerite-forming pore waters 
could be displaced into the aquifer thus concentrating its forma- 
tion at the oil- water contact. Also, light hydrocarbon generation 
and emplacement before clay mineral rection releasing cations 





Table 1 Stable isotope ratios for authigenic ankerite 
Core Precipitation 
depth temperature 
Well (feet) 8С 850 (*C) 
3/3-1 9,916 —97 —15.2 144 
3/3-3 10,330 —7.1 -103 96 
3/3-3 10,456 -136 —12.9 120 
3/3-3 10,502 —9.4 -105 98 





The samples were cleaned with 1% sodium hypochlorite"? to remove 
hydrocarbons and organic matter and reacted with phosphoric acid at 
25°C for 2h The CO, evolved was analysed with a Micromass 903 
mass spectrometer and the raw data corrected using the normal 
methods???!, Stable isotope ratios are reported as 6% variations from 
PDB standard, corrected with a fractionation factor of 1.01109 (ref. 22). 
Hypothetical precipitation temperatures for ankerite were determined 
assuming ankerite- water fractionation to be similar to dolomite-water??, 
Depth given in feet; equivalents in metres are 3,022.4 m, 3,148 6 m, 
3,187 0 m and 3,201.0 m, respectively. 
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would restrict ankerite anthigenesis to below the oil-water con- 
tact. Thus, whilst high porosity and effective permeability might 
exist within both the oil column and the aquifer, connection 
between the two could become impaired. This possibility should 
be evaluated during reservoir development planning because 
any such transmissibility barrier could restrict the flow into the 
reservoir of either a natural aquifer or injection water. Both the 
loss of pressure support and the disruption of an injection 
pattern could adversely affect hydrocarbon recovery. 

This research was carried out at the University of Hull whilst 
in receipt of NERC grant GT4/79/GS/39, and at the British 
Geological Survey (NERC) Stable Isotopes Unit. I thank the 
director of the BGS, Chevron Petroleum Ltd and Shell Inter- 
national Petroleum Maatshappij for permission to publish this 
paper. M. L. Coleman, R. S. Haszeldine and A. P. Heward 
commented on early versions of the manuscript. 


Recerved 18 December 1984, accepted 27 March 1985 


Irwin, H , Curtis, C D & Coleman, М L Nature 269, 209-213 (1977) 

Matsumoto, R & пута, A Sedimentology 28, 239-259 (1981) 

Boles, J R Contr Miner. Petrol 68, 13-22 (1978) 

Uziemblo, М & Petersen, Н Bull Am Ass petrol. Geol. 67, 562-563 (1982) 

Woody, M D Shale Shaker 83, 107-122 (1983) 

Burley, S D Clay Miner 19, 403-440 (1984) 

Dushcherer, W Ou Gas J 28 May, 143-150 (1984) 

Franks, S G & Forester, R W Bull Am Ass petrol Geol 68, 478 (1984) 

Boles, J R & Franks, S G J sedim Petrol 49, 55-70 (1979) 

Albnght, W A, Turner, W L & Williamson, К R Mem Am. Ass petrol Geol 30, 173-193 
(1980) 

Kantorowicz, J D Clay Miner, 19, 359-375 (1984) 

12 Shackleton, N J & Kennett, J Р Inu Rep DSDP Leg 29, 743-755 (1975) 

Pearson, M J, Watkins, D & Small, J S Devi Sedim 35, 665-675 (1982) 

14 Pearson, М J, Watkins, D, Pittion, J L, Caston, О & Small, J S Geol Soc Lond Spec 
Publ 12, 161-173 (1983) 7 

Goff, J C J geol Soc. Lond 140, 445-474 (1983) 

16 Haszeldine, R S, Sampson, 1 M & Cornford, C Clay Miner 19, 391-402 (1984) 

17 Nash, A J & Pittman, Е D J sedim Petrol 45, 258-265 (1975) 

Nadeau, Р Н, Tait, J M, McHardy, W J & Wilson, M J Clay Miner 19, 67-76 (1984) 

Forester, R M, Sandberg, P A & Anderson, Т Е in Living and Fossil Bryozoa (ed 
Larwood, G A) 79-94 (Academic, London, 1973) 

Craig, Н Geochim cosmochim Acta 12, 133-149 (1957) 

Deines, Р Int J Mass Spectrom lon Phys 4, 223-295 (1970) 

22 Sharma, T & Clayton, R N Geochim cosmochim Acta 29, 1347-1354 (1965) 

Fritz, P & Smith, D G W Geochim cosmochim Acta 34, 1161-1173 (1970) 


© Ф ос -rO о р о о =e 


= 


РА 
p 


- 
^ 


= 
€ оо 


ny 
= © 


N 
us 





Anomalous "C enrichment 
in modern marine organic carbon 


Michael A. Arthur*, Walter E. Deant & George E. Claypoolt 


*Graduate School of Oceanography, University of Rhode Island, 
Narragansett, Rhode Island 02882, USA 
TUS Geological Survey?PO Вох 25046, Denver, Colorado, USA 





Marine organic carbon is heavier isotopically (‘°C enriched) than 
most land-plant or terrestrial organic C'. Accordingly, 5 'С values 
of organic C in modern marine sediments are routinely interpreted 
in terms of the relative proportions of marine and terrestrial 
sources of the preserved organic matter^". When independent 
geochemical techniques are used to evaluate the source of organic 
matter in Cretaceous or older rocks, those rocks containing mostly 
marine organic C are found typically to have lighter (more-nega- 
tive) 8C values than rocks containing mostly terrestrial organic 
C. Here we conclude that marine photosynthesis in mid-Cretaceous 
and earlier oceans generally resulted in a greater fractionation of 
C isotopes and produced organic C having lighter 6'*C values. 
Modern marine photosynthesis may be occurring under unusual 
geological conditions (higher oceanic primary production rates, 
lower Рсо,) that limit dissolved CO; availability and minimize 
carbon isotope fractionation’. 

In a recent compilation of geochemical analyses of samples 
of middie Cretaceous organic C-rich strata from numerous Deep 
Sea Drilling Project (DSDP) sites and several land sections”, 
we failed to observe a consistent relationship between organic 
carbon 8C and independent geochemical indicators of marine 
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Fig. 1 Plot of 5'°C of organic C against Rock-Eval pyrolysis 

hydrogen index for organic C-rich sediments of Pleistocene- 

Miocene age from offshore California, DSDP Leg 63, Site 467. 

Hydrogen index is:pyrolytic hydrocarbon yield per unit organic 
carbon in mg per g. 


and terrestrial organic matter for samples older than Miocene. 
In fact, the Cretaceous sequences examined in the greatest detail 
usually showed the reverse of the expected relationship; that is, 
samples with the lightest (or apparently terrestrial) 6'^C values 
had chemical compositions indicating the greatest contributions 
of marine organic matter. 

This apparently anomalous °C depletion in organic C of 
ancient sediments has been noted by others®, and is particularly 
troublesome in rocks older than Silurian’, or before the develop- 
ment of land plants. We conclude that organic C derived from 
marine plants in rocks that are Cretaceous or older typically 
have 6'°C values that аге ~5-7% more negative than marine 
organic carbon in Holocene sediments. 

Other techniques used to evaluate marine against terrestrial 
organic matter include atomic H/C ratios", microscopic 
examination of isolated organic-matter particles”, abundance of 
phenolic lignin degradation products’, organic ут ^N ratios!? 
and "C-nuclear magnetic resonance spectroscopy". In general, 
the relative proportions of marine and terrestríal organic matter 
indicated by these techniques are consistent with the proportions 
inferred from bulk organic C 8C values in modern marine 
sediments. 

For the data sets that we have compiled?, the most common 
measure of H content is the H index from Rock-Eval pyrolysis, 
which has been shown to correlate with atomic H/C ratios"? 
We plot organic C 8PC against Н index or atomic H/C of 
organic matter and observe either a positive correlation or no 
correlation for organic C rich sequences of Holocene-Miocene 
age. Figure 1 shows a typical lack of correlation for Holocene- 
Miocene sediments from offshore southern California. Here, 
essentially all of the organic matter is from marine productivity 
induced by upwelling. This marine otganic matter has 5'°C of 
~ —23 to —21%, regardless of Н content. 

For Cretaceous and older organic C-rich sequences, the data 
commonly show a negative correlation between H index and 
8C of organic matter. Figure 2 illustrates data from four 
different middle Cretaceous organic C-rich limestone sequences. 
These data sets were selected to minimize possible effects of 
differences in preparation procedures and lithology. In general, 
middle Cretaceous organic C-rich strata in the North American 
Basin of the western North Atlantic Ocean contain pre- 
dominantly terrestrial organic matter, the abundance of which 
is greatest at those sites closest to the North American continen- 
tal margin? ?. In contrast, middle Cretaceous strata at DSDP 
sites adjacent to the African continental margin contain pre- 
dominantly marine organic matter”’>, Figure 2a shows 6°C 
and H index data for interbedded Neocomian white limestones 
and black тагіѕіопеѕ of the Blake-Bahama Formation’ cored 
at DSDP Site 603, one of the most terrestrially influenced 


NATURE VOL 315 16 MAY 1985 








0 200 400 600 800 o 200 
H-Index (mg HC а Corg) 


Fig. 2 Plots of 8!?С of organic C against Rock-Eval pyrolysis 
hydrogen index for a, samples of Neocomian black maristone and 
white limestone from DSDP Sites 603, North American Basin, 
west rn North Atlantic and 367, Cape Verde Basin, southeastern 
North Atlantic’, b, samples of middle Cretaceous organic C-rich 
limestone from DSDP Sites 463, Mid-Pacific Mountains, and 465 
and 466, southern Hess Rise, western North Pacific?, c, Upper 
Cretaceous Niobrara Limestone, Colorado’, and d, samples of 
middle Cretaceous limestone from DSDP Sites 535 and 540, eastern 
Gulf of Mexico?! 


localities in the North American Basin. Also shown on Fig 2a 
are data on coeval strata from DSDP Site 367 in the Cape Verde 
Basin off north-west Africa, which contains the most abundant 
marine organic matter of any DSDP Site in the North Atlan- 
tic?'?, At both sites, much of the organic matter was redeposited 
by turbidity currents from continental slope settings!?'!6, The 
&'*C and Н index data show distinctly different trends for these 
two sites (Fig 2a) At Site 367, the organic matter in the black 
maristone 15 H-rich and isotopically light ("C of —28%) and, 
at Site 603, the organic matter in the black marlstones 15 H- 
deficient and isotopically heavier (8C of —25%). The white 
limestones at both sites probably contain an oxidized residual 
mixture of marine and terrestrial organic matter, with possibly 
more marine influence at Site 367 

Figure 2b shows the relationship between 5'*C and Н index 
for organic C-rich limestones of early Aptian to late Albian age 
from the Mid-Pacific Mountains and southern Hess Rise These 
limestones were deposited on the flanks of seamounts and vol- 
canic plateaus that were formerly under shallower water and 
under the equatorial high productivity zone during the middle 
Cretaceous'’. The organic matter from these sites, especially 
from southern Hess Rise (Sites 465 and 466), is predominantly 
H-rich marine organic matter'®, The relationship between 
isotope composition and Н content of the organic matter is the 
same as that shown in Fig. 2a, that is, the most H-rich, most 
marine organic matter 1s tsotopically the lightest. Figure 2c and 
d are data sets of samples from mid-Cretaceous limestones that 
apparently contain mostly marine organic matter. Figure 2c 
shows results of analyses of 17 samples from a quarry of the 
Contacian-Santonian Niobrara Limestone deposited in the 
western interior seaway of the United States. The organic matter 
in these samples is mainly marine and the variation in H index 
1s probably attributable to differing degrees of oxidation". The 
tendency for the more H-rich organic matter to be isotopically 
lighter 1n the Niobrara may be a result of diagenesis rather than 
Source of the organic matter. Samples of the early Cenomanian 
to late Albian limestone from DSDP Site 540 in the Gulf of 
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Mexico (Fig. 2d) have &'°C values that range between ~ —27 
to -244& with a H index range of 220-700. Other organic 
geochemical analyses?? suggest that the organic matter is marine 
in origin, with lower H contents attributable to deposition under 
more oxidizing conditions. Samples of Cenomanian- Berriasian 
limestone from the nearby Site 535 also contain predominantly 
marine organic matter?! and have organic C 8' 5C values that 
range from —28 7 to —25%. The differences between the 6°C 
values from Sites 540 and 535 may be attributable to age differen- 
ces and secular variations in 5'°C of the ocean-atmosphere C 
reservoirs, because the more-negative organic C 8'С values at 
Site 535 are matched by correspondingly more-negative carbon- 
ate-C 8°C values”. 

We conclude from numerous data sets, such as those illus- 
trated in Fig 2, that Cretaceous organic matter, interpreted to 
be largely marine by Н richness or by other geochemical or 
optical indicators, has 6°C values of —29 to —-27%, and organic 
matter, interpreted to be largely terrestrial, has 8'^C values of 
—25 to —24% Deposits of mixtures of terrestria] and marine 
organic matter, therefore, show a negative correlation between 
organic C 8'?С and Н content (Н index or atomic H/C). From 
this we conclude that Cretaceous marine organic matter was, 
on average, 5-7% lighter than Holocene marine organic matter. 

There are several potential factors that could cause shifts in 
the 8C of marine organic matter, such as: (1) early to late 
diagenetic effects, (2) sea-surface temperature changes and their 
possible influence on CO, solubility and C isotope fractionation 
dunng photosynthesis; (3) changes in dominance of marine 
phytoplankton species and related isotope fractionation factors, 
(4) global or local changes in the б'?С of oceanic dissolved 
CO,; and (5) changes in general levels of productivity and the 
influence of CO, availability on isotope fractionation during 
planktonic photosynthesis Thus, either the primary isotope 
composition of Cretaceous organic matter was the same or 
similar to that of the Neogene through Holocene and was 
modified during accumulation and diagenesis, ог the isotope 
composition was different (~5-74 more negative) for some 
primary reason 

Factors (1)-(4) above probably can account for only minor 
changes of 1 or 2% in the 8'*C of manne organic carbon? 
Various diagenetic processes can alter the 8'7C of organic C by 
removing or adding C-ennched or depleted fractions of the 
organic matter, but consistent unambiguous diagenetic trends 
їп modem and Neogene sediments are difficult to document? 
Hatcher et al! showed a 4% decrease in 8™°C of organic C of 
algal sapropelic sediment їп a saline lake in Bermuda, but a 
diagenetic shift of this magnitude has not been observed in 
normal marine sediments Cretaceous palaeotemperatures at 
low latitudes were as warm or warmer than those of today™* 
If temperature change was the primary reason for the different 
“C of organic carbon in the Cretaceous, then according to 
previous hypotheses?*"5 we would expect marine organic C to 
have been isotopically heavier, not lighter as observed. In addi- 
tion, evidence now suggests that there is not a direct simple 
relationship between surface water temperature and 6"C of 
marine organic matter”. Changes in C isotope fractionation as 
a result of plankton evolution or changes in the dominance of 
a particular phytoplankton group cannot be eliminated com- 
pletely, but such changes are not supported by the Cenozoic 
palacontological record and are considered unlikely to be the 
cause of the shift in the 8'*C of manne sedimentary organic 
matter Secular variations in the 8C of marine carbonates?? 
indicate that the 8C of total dissolved СО, in surface ocean 
water changed by 2-3% during the Cretaceous. However, the 
average Cretaceous carbonate &"C is ~1.5% heavier than 
modern pelagic carbonates, so that the effect of secular 8C 
variations would be to make Cretaceous marine organic matter 
heavier rather than lighter as observed Kuspert?? observed 4% 
lighter 8'^C in both organic and carbonate C of organic matter- 
rich beds in a Jurassic shale sequence, which he attributed to 
local contributions of oxidized organic C to the water column 
during episodes of anoxic stagnation. The main effect of local 
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or global 8C variations in dissolved CO, probably has been 
to induce variation of as much as 2-3% in the record of the 
isotope composition of marine organic matter through time. 

The most probable cause of significantly lighter 8'^C of marine 
organic C in Cretaceous, compared with modern, sediments is 
the different set of conditions under which marine photosyn- 
thesis operated. Namely, the higher atmospheric CO, concentra- 
tions "^?! and the overall lower levels of oceanic productivity? 
that prevailed during the Cretaceous. Photosynthetic C isotope 
fractionation is maximized under conditions that promote high 
CO, availability. In modern oceans, Antarctic diatoms with an 
abundant supply of CO, provided by upwelling of cold СО,-гісћ 
bottom waters in the Antarctic Divergence have more negative 
86°C than the plankton in low-latitude warm water with less 
available CO; (ref. 27). During much of the Cretaceous, the 
combination of low surface productivity and higher atmospheric 
CO, should have resulted in an ocean that had more available 
CO, and an increased fractionation of carbon isotopes in marine 
plankton. 

Our interpretation of generally increased marine photosyn- 
thetic carbon isotope fractionation during Cretaceous (and ear- 
lier) time has several implications. The utility of 8'^C values 
alone for organic matter provenance studies should be con- 
sidered carefully. The technique works reasonably well for 
Neogene-Quaternary sequences, but certainly not in the same 
way for Cretaceous sequences and probably not for much of 
the Phanerozoic. Variable marine photosynthetic fractionation 
of C isotopes in the past affects quantitative models of the C 
cycle. Most models assume a constant fractionation between 
CO, and organic matter and interpret 5'°C variations with time 
in terms of variations in the proportions of reduced and oxidized 
carbon reservoirs. Variable isotope fractionation during marine 
photosynthesis adds a significant complication to these models. 

More work is necessary to document the preliminary con- 
clusions that we offer here, both for the Cretaceous and for 
other times in the Phanerozoic. We emphasize that such 
geochemical results must be carefully collected and understood 
in the context of their facies and palaeogeographic settings. 
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Temporal variations in '5N natural abundance have been used 
to study both nitrogen cycling and particle dynamics in the 
ocean'. Changes in the S'N  (1,000x[(5N/' N) sampie/ 
(5N/ AN РЕКЕБОН м, М) of particulate matter are related, in 
part, to variations in the input of nitrogen to the euphotic zone 
that have been observed to regulate the downward transport of 
particles?. Here we report the first long-term data set for seasonal 
variations in the 8!5N of sinking particulate matter sampled using 
a sediment trap. These variations co-vary with the magnitude of 
the particle flux. We propose that the 6'5N of sinking particles 
is a monitor for NO; flux into the euphotic zone during the 
formation of these particles on a timescale directly related to the 
magnitude of the particle flux. 

Deuser and Ross? have reported seasonal variations in the 
flux of particulate matter into the deep ocean at a site 1n the 
Sargasso Sea. The fluxes of both biogenic and abiogenic com- 
ponents have been correlated with the total mass flux*$. It was 
suggested that this seasonal variation in particle flux occurred 
in response to a seasonal cycle in primary production, as has 
been observed by Menzel and Ryther’. The main forcing of the 
cycle in primary production was the convective mixing in winter 
of the upper water column and subsequent injection of nutrients 
into the euphotic zone. However, an internal record in the 
sediment trap samples of the processes directly related to 
primary production has not been found. 

Considering the role of nitrogen in determining the magnitude 
of primary production, it seems that variations in the natural 
abundance of ^N may be related to variations in particle flux. 
Seasonal changes in 8'?N values for suspended particulate 
organic nitrogen (PON) in a Gulf Stream warm-core ring have 
been reported’. Low values for the 5'°N of euphotic-zone PON 
occurred when NO; had been mixed into the euphotic zone. A 
similar observation was made by Wada and Hatton in the North 
Pacific Ocean’. 

Measurements of '°N natural abundance were made on par- 
ticulate matter collected in a sediment trap (described pre- 
viously$) moored at a depth of 3,200 m, = 45 km south-east of 
Bermuda in the Sargasso Sea over a 6-yr period. The sediment 
trap was retrieved and re-deployed approximately once every 
two months so that the integrated flux over this period was 
sampled No preservative was used, however, temperature at 
this depth is approximately 2.6? C. 8^N measurements were 
made only on the «37-jum size fraction, which contains >90% 
of the organic matter captured. Analyses for &'°N were made 
using a Vg Micromass 602E dual-inlet double-collector mass 
spectrometer. Details of the sample preparation will be reported 
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Fig. 1 The 6-yr record for organic carbon flux and the 5!5N of 
sinking particles at 3,200-m depth in the Sargasso Sea. Each time 


point represents an integration over the previous two months. 8!?N 
values have been plotted on an inverse scale 
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Fig. 2 Organic carbon ‘flux versus 8!^N. A linear regression of 

all points 1s statistically significant (г = —0.62 n = 31). Filled circles 

represent samples collected when the minimum in 5'°N preceded 

the maximum in organic carbon flux (see text) Excluding these 
points, r = —0.80 (n = 28). 


elsewhere!?, Values for 6'°N are relative to the ^N content of 
atmospheric М», with a reproducibility of +0.2%. 
The time series data for both 6'?^N and organic carbon flux 


are presented in Fig. 1. Note that 5'°N values are plotted on: 


an inverse scale. Every year a maximum in organic carbon flux 
occurs in late spring to early summer, associated with a minimum 
in 5'°N. In the autumn of 1983, there seems to be a small 


secondary maximum in organic carbon flux, corresponding to . 


a minimum in 6°N. In 1981 and 1983, the minima in 8PN 
co-occur exactly with the maxima in organic carbon flux. In 
1979, 1980 and 1982, the minima in 5'°N precede the maxima 
in organic carbon flux by —2 months. There is a significant 
correlation between organic carbon flux and àPN (r= —0.62, 
n *: 31, Fig. 2). Part of the scatter can be attributed to the phase 
lag in 3 out of 5 years for which there is a complete record. 
The annual cycle in particle flux may be considered to have 
two phases: a high-flux phase during which destratification has 
mixed nutrients into the euphotic zone and a low-flux phase 
characterized by undetectable nutrient concentrations in the 
euphotic zone. During the low-flux phase there is a small tur- 
bulent flux of nutrients across the seasonal thermocline, immedi- 
ately used by phytoplankton. Because almost all the NO; enter- 
ing the euphotic zone is transformed into particulate nitrogen 
by this means, the potential for isotope fractionation is small. 
Assuming that the material collected in the sediment trap has 
undergone little degradation, the 5'°N of particulate nitrogen 
sinking during the low-flux phase should be similar to the PN 


of NO; below the euphotic zone. We do not yet have data for . 


the 8! N of NO; in this region; nevertheless, the almost-constant 
8'^N values for September- December of each year (except 1978) 
support the above hypothesis. 

During the high-flux period, NO3, which has been transported 
into the euphotic zone, is used by phytoplankton over several 
months, permitting isotope fractionation between NO; and the 
particulate matter produced. As NO; is depleted, the 8^N of 
NO; in the euphotic zone is expected to increase, possibly 
reaching high values before depletion occurs. The 8?N of 
sinking particulate nitrogen is expected to be low in the first 
half of the high-flux period and, subsequently, to increase as 
NO; is depleted from the euphotic zone. Integrated sampling 
over two months may not have provided sufficient resolution 
for the observation of this pattern. f 

Other factors will modify the predicted variation in time of 
the 8?N of sinking PON. Wind events occurring throughout 
the high-flux period pump NO3, relatively low in ^N, into the 
euphotic zone, thereby mitigating the effect of МО» uptake by 
phytoplankton. Consequently, the 5'?N of sinking PON tends 
to remain low during the high-flux period, as was observed for 
1981. Variations in the sequence of wind events may be reflected 
in the time variation of the 5'^N of PON during the high-flux 
period. І ] 

These results have implications for the study of marine 
geochemical cycles. The seasonal decrease in 5'°N associated 
with an increase in particle flux represents in many respects a 
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‘natural tracer experiment’. Studying seasonal variations in the 
5'°N of other reservoirs of particulate matter (living and detrital) 
should yield valuable information on the exchanges and trans- 
formations that take place among them. Of particular interest 
is the interaction between the small suspended particles at depth 
(2150 m) and the downward flux of large particles?. Similarly, 
the mechanisms that package suspended matter in the euphotic 
zone into larger particles can be studied by examining covari- 
ations in 6'°N between these compartments. . 

If the sediments preserve a 8 N record, these results suggest 
a means by which primary production in the ocean of the past 
can be studied. Such work would have ramifications for present 
studies of the relationships between world climate and global 
biological and chemical cycles. Further work in other regions 
1s required to determine the generality of the correlation between 
particle flux and ^N natural abundance. 

We thank E. H. Ross for preparing the sediment-trap samples 


' and J. J. McCarthy for use of the mass spectrometer. This work 


was supported in part by the Education Office of W.H.O.I., NSF 


: grants ОСЕ 80-22990 and ОСЕ 83-14013 (J.J. McCarthy) and 


NSF grants OCE 76-21280, OCE 78-19813, OCE 80-24130 and 
OCE 82-19588 (W.G.D.). This is contribution no. 5913 from the 
Woods Hole Oceanographic Institution and no. 1039 from the 
Bermuda Biological Station. 


Received 28 January, accepted 5 March 1985 


Altabet, M A & McCarthy, Ј J Deep-Sea Res (in the press) 

Eppley, А W & Peterson, B J Nature 282, 677-680 (1979) 

Deuser, W G & Ross, E Н. Nature 283, 364-365 (1980) 

Deuser, W С , Brewer, P G , Jickells, T D & Commeau, R F Nature 305, 216-218 (1983) 
Ittekot, V, Deuser, W С. & Degens, Е Т Deep-Sea Res 31, 1057-1069 (1984) 

Deuser, W О, Ross, E Н & Anderson, R F Deep-Sea Res 28А, 495-505 (1981) 
Menzel, D W & Ryther, J Н Deep-Sea Res 7, 282-288 (1961). 

Bacon, М P, Huh, C -A , Fleer, А Р & Deuser, W С Deep-Sea Res (in the press) 
Wada, E & Hatton, A Geochim cosmochim Acta 40, 249-251 (1976) 

Nevins, J, Altabet, M A & McCarthy, J J Analyt Chem (in the press) 


с о оз сос ыл шыш юе 





Photoadaptation of high Arctic ice algae 


Glenn F. Cota 


Marine Ecology Laboratoy, Bedford Institute of Oceanography, 
Department of Fisheries and Oceans, Dartmouth, Nova Scotia, 
Canada B2Y 4A2 


In aquatic systems, the layer that is suitable for positive net 
photosynthesis (the euphotic zone) is usually considered to extend 
from the surface down to the depth of penetration of 1% of the 
surface irradiance, which corresponds to ~15 pE m`? s '! at solar 
noon during late summer in open waters in the high Arctic’. In 
polar regions, vernal blooms of epontic algae (unicellular algae 
associated with the lower interface of sea ice whose photosynthetic 
characteristics are not well known^ ^) develop under conditions 
where they are only rarely or briefly exposed to light levels exceed- 
ing 1-2% of that incident at the surface. I report here that epontic 
algae from the Canadian Arctic show unusually high photosyn- 
thetic efficiencies normalized to pigment content, which increase 
with a decrease in the light levels at which the populations are 
growing. Photosynthesis was measurable at light intensities well 
below ambient (0.01% of surface irradiance). In the most shade- 


` adapted populations? under deeper snow cover, photosynthesis was 


optimal at light intensities close to the maximum ambient level, 
and inhibited at higher intensities. Furthermore, even after almost 
2 months of exposure to elevated light levels (= 3-4% of surface 
irradiance), biomass and productivity normalized to biomass were 
still lowest in algae from an area almost free of snow cover. Taken 
together, these results indicate that epontic algae from the high 
Arctic can be considered as an obligate shade flora genetically 
constrained to very low photon fluxes. 

The main study site was —1 km offshore from Sight Point on 
the southwestern tip of Resolute Bay, Northwest Territories, 
Canada (74?40'N, 94*54"W). At this site, annual sea ice was 
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Table 1 Photosynthetic parameters for natural assemblages of ice algae from four light regimes defined by snow cover 
Snow Maximum 
depth ambient light РВ а B РВ а i* 1* L' 
(cm) (uE m? s^!) (x107) 
20 =5 0 047 0.094 0.44 0.046 27 0.5 107 NM 
(0.003) (0.018) (0.17) 
11 =11 0.090 0 046 0.61 0 084 8.5 1.8 148 NM 
(+0 003) (0.003) (0 12) 
3 =23 0 045 0010 004 0044 250 43 1,125 0.18 
(20.003) (0.001) (0.09) 
0 =50 0 025 0.007 0.01 0.025 23.0 33 2,500 NM 
(+0.001) (0.001) (0.03) 


The initial slope is о; PP ıs the maximal photosynthetic rate without photoinhibition, 8 describes the slope at high intensities, PË, is the 
assimilation value; Fm Ix, Ij and I, are irradiances (see text). Standard deviations are given in parentheses for three primary (fitted) parameters. 


Units for P? апі P&=mg C (mg chlorophyll a)! h^!, units for а and 8-mg C (mg chlorophyll a) ! h7'(pE m 


* Опиѕ= E m7? s^! (E=Einstein). 


~1.8m thick and natural snow cover ranged from —2 cm to 
30 cm. Simple manipulations of the surface snow cover allowed 
considerable control over the light conditions of the epontic 
algae. Algal material was collected from the bottom few cen- 
timetres of ice with a SIPRE corer or an ice chisel. Algal 
assemblages with different light histories were taken from 
areas at discrete depths in the snow within a snow drift stabilized 
by a snow fence or from a ‘cleared’ patch of ice which was kept 
relatively free of snow with a snow blower. (The snow fence 
anchors the snow drift and prevents drift migration (much like 
sand dunes) during storms of erosion and/or deposition.) A 
transverse section of the two-sided drift is triangular, with the 
central apex at 30 cm height sloping down over 5-7 m to a height 
of 2-4 cm. Such a low-profile snow fence allows for an unusually 
high degree of control over the light environment within the 
stabilized snow field. Ambient light levels for the ice algal 
populations were inversely proportional to the depth of the 
overlying snow cover (Table 1). Algal samples were collected 
from 27 to 31 May 1984 after at least 6-7 weeks of growth in 
their respective light environments. 

In all cases the algal assemblages were dominated by pennate 
diatoms, with Nitzschia, Navicula, Amphipora and Pleurosigma 
the most abundant genera. Although the communities were 
similar in species composition at each snow depth, standing 
stocks were markedly different. The species composition and 
levels of biomass were similar to those found 1n previous studies 
of high Arctic sea-ice communities? 

Dense algal suspensions from the lower 2-5 cm of 1ce were 
diluted with two parts of surface sea water (water/ice — 2:1), 
and determinations of photosynthesis/irradiance relationships 
were done in a "Photosynthetron'? with ~1.4 „Сї NaHCO, 
ml"! (1-h incubations at —1 °С). Irradiance measurements were 


72 57!)7!. NM, not measurable. 


made with a Licor 27 sensor before each experiment. Fluori- 
metric estimates'' of chlorophyll a were used to normalize the 
rates of photosynthesis. Details of curve-fitting, parameter esti- 
mation and statistical considerations of photosynthesis/irradi- 
ance relationships have been described previously’), 

Photosynthesis/1rradiance curves (Fig. 1a-d) show that very 
low ambient light levels are sufficient to saturate carbon fixation 
in the ice algae studied. The fitted and derived parameters for 
the curves and environmental data describing the four cases are 
summarized in Table 1. The populations from different snow 
depths (representing different light levels) display increasing 
degrees of photoadaptation that are consistent with their pre- 
vious light environments. The initial slope, a, (a measure of 
photosynthetic efficiency) and the so-called adaptation para- 
meter’*, (= P3/a, where B is chlorophyll biomass and m 
denotes maximal photosynthetic rate), both decrease by almost 
an order of magnitude over the natural range of ambient light 
levels and snow cover (Table 1). The ice algae from areas with 
deep snow cover (> 10 cm) exhibited exceptionally high photo- 
synthetic efficiencies (о) at extremely low levels of irradiance 
(70.1-1.0 LE m^?s^! of photosynthetically active radiation, 
PAR). 

Photoinhibition was pronounced only in the assemblages from 
regions of moderate and heavy snow cover, as shown by their 
relatively low values of J, (= PP/8, where s denotes the light- 
saturated photosynthetic rate), an index of photoinhibition"? 
(Table 1) Values of J, for Arctic phytoplankton range from 
—900 pE m~? s^! for assemblages from depths receiving 1% of 
the surface irradiance to 75,000 pE m ?s^! for populations 
from 30-50% light levels'?. Except for the assemblage from the 
‘cleared’ region, values of optimal irradiance, Im, for the algal 


assemblages were very similar to the actual maximum light levels 


Table 2 Parameters for photosynthests-irradiance curves of various types of polar microalgae 





Organism P? a B (x1073) РР Ton I, I, Source 
Arctic ice algae 0 052 0 039 027 0 050 15 2.5 x02 Present study 
(50 027) (0.041) (0.30) ‚ (0.025) (11) (7) (all light levels) 
Antarctic ice algae — 0.023 0.20 0 103 24 4.8 — Ref. 19 
(0.009) (0.11) (0.048) (8 (17) (two light levels) 
Antarctic ice algae — — — — 220 =10 =10 Ref. 16 
Arctic phytoplankton 1.32 0.011 017 1.22 587 117 6.1 Ref 1 
(+0.19) (0 002) (021) (0.18) (117) (15) (50% light level) 
Arctic phytoplankton 1.29 0.008 1.18 0.79 359 112 14 Ref 1 
(40.51) (0.002) (0.79) (0.21) (89) (34) (1% light level) 
Antarctic phytoplankton — 0.009 — 1.93 117 31 — Ref 24 
(0 007) (135) (33) (9) 
Antarctic benthic diatoms — 0.022 Negligible 021 — 11 — Ref. 23 
(0.005) (0 03) (1) (one light level) 


Mean values (+s d.) are shown. Units have been standardized with the following conversion factors to correspond to those given in Table 1 
1Wm7=4 66 uEm ?s !; 1 klux-17.5 pE m? s^!, 1 ft candle=0 19 pE m^? s^. Fn 1s optimal irradiance; I, the ‘light-adaptation’ index; Ie the 


compensation intensity in units of pE m? s^! (see Table 1 and text) 
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Fig. 1 Photosynthesis/irradiance curves for four populations of 

ice algae from different snow depths (or light levels): a-d, 20, 11, 

3 and 0 cm, respectively. Maximum ın situ light levels measured 

at solar noon for each nominal snow depth are indicated by the 
arrows in the upper portion of each panel. 


recorded in situ at those snow depths (Table 1). Close correspon- 
dence of the derived irradiance parameters, Im and 7,, to their 
respective light environments indicates advanced states of 
photoadaptation in these populations. 

Maximum photosynthetic rates, PP, measured at all snow 
depths were low, but they are representative of the lower end 
of the range of values reported by others studying ice 
algae*57:6-1?, Previous work”? and limited evidence from the 
present study suggests that assimilation values may vary directly 
with nutrient status. The values of PŽ for the algal populations 
also parallel the 1984 distributional pattern of biomass 
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(chlorophyll) with snow cover, when the lowest levels were 
found under little or no snow. Maximum apparent growth rates 
calculated from increases in chlorophyll concentration over a 
few days and assuming no losses, were ~0.22 and 0.14 doubling 
per day for the combined data from moderate to heavy snow 
cover and little or no snow, respectively. That the algae with 
little or no snow cover were unable to achieve relatively more 
rapid growth and/or production rates suggests that they rep- 
resent an obligate shade flora, genotypically adapted to very 
low photon flux densities” 

These data indicate extreme degrees of photoadaptation and, 
in fact, the derived irradiance parameters (Im, I, and Г.) de- 
scribing photosynthetic performance at low light levels are the 
lowest values of this sort reported for marine microalgae to date 
52422 (The term adaptation is used here ‘in the physiological 
sense, that is, as a physiological adjustment to the surrounding 
conditions'?.) Table 2 shows some of the most relevant informa- 
tion on the photosynthetic responses of other natural assem- 
blages of polar marine microalgae!®!*?3*, Phytoplankton 
from both poles apparently are adapted to light levels that barely 
overlap with the maximal levels of irradiance in epontic systems: 
for example, even the relatively low І, for Antarctic phytoplank- 
ton?^ is slightly above the highest values of ambient light that 
we measured under slight (2-4 cm) snow cover (Fig. 1c). With 
respect to photosynthetic efficiency of light utilization, the epon- 
tic algae under heavy snow cover (Table 1) yield values of а 
that are 4-10 times higher than those of polar phytoplankton 
(Table 2). In addition, the compensation intensity, (= |R?/a|, 
where RP is the ordinate intercept), for the 1ce algae was con- 
siderably lower than values for arctic phytoplankton (Table 2). 

Previous work on epontic algae has emphasized the import- 
ance of snow cover in regulating the light environment^ ^95, 
Removal of snow cover over established populations of ice algae 
may result in photoinhibition, pigment degradation or habitat 
destruction (that 1s, melting of the soft interfacial ice) from 
excessive absorptive heating? ^25, The present experimental 
results emphasize the importance of photoinhibition, and pre- 
liminary calculations on the magriitude of absorptive heating 
by this intense chlorophyll maximum lend support to the idea 
of habitat alteration. 

The ice algae studied here have adapted to a point where they 
can flourish in a marginal environment at near freezing tem- 
perature with very low levels of light. In terms of overall 
efficiency of light conversion, their optimal irradiances are well 
within the dynamic range proposed by Radmer and Kok” for 
the most energeticallv efficient photosynthesis. Moreover, high 
Arctic ice algae are apparently not able to function effectively 
in light conditions exceeding ambient levels, yet in the Antarctic 
similar ice algae are able to achieve very high levels of biomass 
approaching theoretical limits (that is, maximum chlorophyll 
per unit area) in some cases!*. 

This work was supported by the National Sciences and 
Engineering Research Council of Canada, the Office for Energy 
Research and Development and the Polar Continental Shelf 
Project (Department of Energy, Mines and Resources). I thank 
J. Anning, T. Siferd and D. Rudderham for technical assitance 
and T. Platt, M. R. Lewis, W. G. Harrison and N. Watson for 
critical comment. 
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Palaeontological evidence and comparative molecular studies of 
modern hominoids suggest that major evolutionary changes occur- 
red in the African Hominoidea between 14 Myr and 4 Myr’. 
Unfortunately, very few relevant fossils are known from that time 
interval”. Rocks exposed in the fault scarps of the Tugen Hills 


in the north Kenya Rift Valley west of Lake Baringo are important ` 


as the major known outcrops of fossiliferous sediments spanning 
this otherwise poorly known time period'^!^. As reported here, a 
new fossil hominid from Tabarin, within this sequence, establishes 
the presence of the family in Africa as much as 5 Myr ago. Before 
this find the oldest well-documented occurrence of hominids was 
the Australopithecus afarensis material from Laetoli, Tanzania" Н 
The Tabarin specimen is ир to one million years nearer the 


divergence point between hominids and the African apes. In several _ 


features it resembles A. afarensis rather than other hominoids. 
Tabarin (Baringo Palaeontological Research Project site. 
BPRP K077; UTM 36N ZR 186844) is a newly discovered fossil 
locality about 2km north of Rondonin, north-west of Lake 
Baringo (Fig. 1). It is an outcrop of the Chemeron Formation’® 


sensu Martyn (refs 17, 18; see also refs 13, 19). At the. base 


of the local section is a flow of the' Kaparaina basalt which 
separates the sediments from those of the Lukeino Formation 
beneath. The basalt is overlain by some 20 m of fine- to medium- 
grained sediments, followed by a tuffaceous unit —10 m thick. 
Much of this is ignimbritic and bakes the underlying sediments, 
butthe upper part is a coarse pumice tuff, and pumiceous patches 
also occur at the base. After successive units comprising 20 m 
of mainly yellow and orange silts and sands, there is a dark 
brown coarsely bedded ferruginous conglomerate containing 
poorly sorted igneous clasts; this is fossiliferous, and on the 
basis of location and matrix it seems that much of the surface 
fossil material also derives from this unit. The succession of 
overlying sediments, some also containing fossils, continues 
towards the Saimo Fault of the main Tugen Hills range. _ 

Isotopic determinations (K/Ar) on the tuff unit underlying 
the main fossiliferous horizon give dates of 4:96 + 0.03 Myr (on 
anorthoclase) and 5.25 + 0.04 Myr (on sanidine) (С. Curtis and 
R. Drake, personal communication). Because the fossiliferous 
sediments are apparently conformable on the surface of the 
dated tuff, it is reasonable to suppose that the hominid is not 
appreciably younger than these isotopic dates. The faunal 
evidence is entirely compatible with this date and ийерде 
places an upper limit on the age of 4.15 Myr. ' 

The fossil fauna from Tabarin is abundant and waged (Table 
1), including lacustrine animals and those that would be found 
along a lake margin and in its catchment area. Particularly 
crucial for dating purposes is the suid Nyanzachoerus jaegeri, 
and the proboscideans, notably Anancus kenyensis. The most 
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Fig. 1 Map of the area to the west of Lake Baringo, showing the 
' Tugen Hills and the location of Tabarin 


specific fossil is N. jaegeri, which is found in sediments older 
than 4.15 Myr (corrected for new constants) in the Mursi Forma- 
tion at the Omo?*?!, and at Aterir which is dated at about the 
same age'*”°. [t is not found in the Hadar Formation??? It is, 
however, known from the Aramis Member and the Beearyada 
beds that underlie the Kalaloo beds of the Sagantole Formation 
in the Middle Awash Complex? These units lie beneath the 
Cindery Tuff dated at 3.8-4.0 Муг!!26 It does not occur іп the 
Laetoli fauna at 3.7 Myr!???. Anancus kenyensis is not known 
later than 4 Myr (despite ref. 27) and is not part of the Laetoli 
fauna at 3.7 Myr, although it is found in the older Lower Laetoli 
Beds (J. Harris, personal communication). In Ethiopia it is not 
found in the Hadar Formation?..It is known in ће Ото 
sequence only in the Mursi Formation, dated at older than 
4.15 Myr?'?*, Kalb et al. report a single uncollected specimen 
from the Kalaloo beds of the Sagantole Formation, Middle 
Awash Complex ^, which is stratigraphically immediately above 
the Cindery Tuff horizon The rest of the Tabarin fauna is 
compatible with this interpretation (see Table 1). 

The hominid specimen (KNM-TH 13150; Fig. 2) was found 
by Kiptalam Cheboi. It was a surface find but its situation and 
matrix unequivocally link it to the conglomeratic unit and the 
rest of the fauna. 

From other sites in Africa, several of them in the Tugen Hills 
succession, are a very few other late Miocene and Pliocene 
hominoid specimens, which cannot reliably be allocated to 
taxa^-?. Most definite Pliocene hominid material comes from 
Laetoli in Tanzania dated at 3.7 Myr, and from the Afar region 
of Ethiopia ranging in age from ~3.3 Myr to 2.8 Myr???. The 
material shows a considerable variation in size and morphology, 
and has been described as a'single species, Australopithecus 
afarensis, with this variation being explained as sexual dimorph- 
ism*'. In addition, the species is postulated ta be the ancestral 
form from which all later hominids were derived??? . Despite, 
or perhaps because of, its relative abundance, the material has 
been subject to various other interpretations: for example, some 
acknowledge that it represents the common ancestor of later 
hominids yet regard it as nothing more than a subspecies of 
Australopithecus africanus?* . Others differ primarily in believing 
that the initial hominid radiation had already taken place. Of 
these, some imply that the A..afarensis material represents only 


one species but suggest that it was directly ancestral to, or shared 


а common ancestor with, the robust australopithecines??; others 
are convinced that the variation in the sample indicates that 
there are two or more sympatric species, the ancestors of both 
robust australopithecines and later Homo?67?. 

The Tabarin specimen closely resembles relevant specimens 
from the smaller end of the size range of A. afarensis, for example 





Table 1 Fossil fauna from Tabarin and Sagatia 








Mollusca Tabarin 
оз Bivalvia x 
Pisces. 
Siluriformes 
ef. Clarias x x 
Réptilia 
-Chelonia 
‘Testudinidae 
Trionychidae x 
Pelomedusidae 
Crocodilia x 
Mammalia 
Primates 
Cercopithecidae 
, Papionini x 
Hominidae 
ef. Australopithecus afarensis x 
Carnivora 
^Hyaenidae x 
Felidae 
“ef. Panthera x 
Small species x 
Mustelidae 
Enhydriodon cf. campani x 
Another species; family indeterminate x 
Proboscidea 
Gomphotheriidae 
Anancus kenyensis x x 
Elephantidae 
cf. Primelephas gomphotheroides x x 
Deinotheriidae 
Deinotherium bozasi x x 
“Perissodactyla 
Equidae 
Hipparion x x 
Rhinocerotidae x x 
Artiodactyla 
Suidae 
Nyanzachoerus jaegeri x x 
Hippopotamidae x x 
Bovidae 
Several species x x 
Rodentia 
Hystricidae 
Hystrix x 


Sagatia 













x 
X XXX 























Fossil fauna from Tabarin and additional species found at Sagatia, 

a site 1,5 km to the south at the same stratigraphical level as Tabarin. 

< There are also well-preserved leaf impressions and coprolites. Tabarin 

has an archaic elephant, probably the same species as that found at 

other Chemeron Formation sites, but which is not known from Hadar 

ог Laetoli, and which Maglio“ considers to be typical of ~5 Myr. The 

..papionine is consistent with an early Pliocene age (M. С. Leakey, 

personal communication). The Enhydriodon resembles a form found at 

Kanapoi. The hyaenid resembles one from Kanapoi which also occurs 
at Kaiso (J. Barry, personal communication). 


A.L. 288-li and A.L. 128. It is smaller than the type specimen 
(LH-4) and- the larger material from Hadar; it is also smaller 
than the Lothagam mandible (КММ LT-329). In detail it has 
< several characters which typify A. afarensis rather than other 
hominoids: on the mandibular corpus these include a large 
buccal eminence and hollowing of the lateral contour. The teeth 
have a strong buccal flare. The differential proportions of mesial 
and buccal roots produce a serrate pattern, and there is a bifid 
mesial root apex on M; (refs 33, 40-43). 
However, many of the parts diagnostic of A. afarensis are not 
available on this specimen, and while time and geography should 
not be used taxonomically, it is true that increasing distance in 
{ипе or space-increases the probability that a specimen, par- 
> ticularly one preserving a small number of morphological traits, 
“represents something significantly different from other known 

forms. As the Tabarin specimen is up to a million years older 
. than the oldest specimens attributed to A. afarensis, increasing 
_ the record of the Hominidae as a whole back in time by 25%, 


















Fig. 2 The hominid specimen from Tabarin (KNM-TH 13150): 
buccal (a), lingual (Б) апа occlusal (c) views. The. specimen 
consists of a fragment of right mandibular corpus with M, and. 
М», and some of the alveolus and a root fragment of P,. The mesial 

break extends from the P, alveolus diagonally and distally to below. 
М,. Part of the buccal surface of the corpus is lost ventrally. This 
damaged area links the mesial to the distal fracture, which extends 
distal to M,. Weathering has removed a uniform and extremely 
thin layer of surface bone from much. of the lingual surface; 
although the contours are preserved. The whole of the cortex has 
been lost over a small area of the lingual surface extending from 
the mesial fracture to below mid-M.. The fractured margins, includ- 
ing the broken edge of the Р, root, are worn. There is no obvious. 
postmortem distortion. The basal. surface of the corpus is present 
distal to M;, where the corpus is 26.9 mm in height perpendicular 
to the alveolar margin. The root of the ramus is present, with the 
oblique line extending at ~45° to the alveolar margin into a flared 
buccal prominence. The prominence and extra-molar sulcus lose 
distinction below Mj, where the buccal face becomes slightly 
concave mesially. From the alveolus Р, can be seen to have a 
bifurcated root, the mesial being more buccally placed than the 
distal. M, is intact but for the loss of the mesial margin of the 
protoconid, and measures 11.1 mm mesiodistally and 10.4 mm 
buccolingually. Wear has exposed small dentine islands on meta- 
conid and hypoconulid. Larger exposures on protoconid and 
hypoconid are almost united. The lingual border is steep, with a 
shallow lingual groove. There is a buccal groove on the more 
inclined and flared buccal surface. Most of the occlusal enamel of 
М; has been lost through postmortem damage, as has that on the 
buccal surface and on the lingual face of the entoconid. A small 
section of the contact facet for M, remains distally. The tooth 
measures 13.1 mm mesiodistally; and 11:4 mm buccolingually. The 
mesiodistal dimension is slightly reduced by interproximal. wear 
with M,, where the contact facet measures 4.5 mm buccolingually. 
As in M,, the lingual face is steep with a lingual groove; the buccal 
face slopes and has a buccal groove. Mesial roots on both M, and 
M; are broader than distal roots. Although weathering has removed 
the surface of the M, alveolus, the form of the remaining bone 
suggests that the mesial root was directed somewhat posteriorly 

end had a bifid apex. 


its attribution may change when further material is available. 
More detailed discussions of the relationship of the Tabarin 
hominid to other late Miocene and Pliocene hominoids will 
appear elsewhere. 


The specimen is important in that it resembles later known’) _ 


hominids from a time estimated by comparative molecular 
studies to be very close to the divergence point with African 
apes!^. Additional material from Tabarin and other new sites. 
in the area will be critical to understanding the details of the. 
early phase of hominid evolution and discriminating between 
































the various hypotheses that have arisen around specimens 
described as A. afarensis. Further material may show the same 
large range of variation as these later specimens orit may provide 
more explicit evidence of an early radiation in the Hominidae 
between 5 Myr and 3.7 Myr. 
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Human ‘XX males’ are sterile males whose chromosomes seem to 
Ње those of a normal female. About 1 in 20,000 males has a 46, 
XX karyotype, and most cases are sporadic, that is, they are without 
familial clustering’. It has long been argued that maleness in XX 
“males may result from the undetected presence of a small, testis- 
determining fragment of the Y chromosome’, and there is strong 
évidence for this in sporadically occurring XX males* 5. Indeed, 
_the genomes of three of four sporadic XX males tested were found 
to contain certain Y-specific DNA sequences^. A pedigree in which 
three XX males occur has been interpreted as being consistent 
with autosomal recessive inheritance of maleness’*, and it has 
been argued that the basis of XX maleness in this family is 
fundamentally different from that in the sporadic cases”. However, 
we report here that these related XX males, like the sporadic cases, 
-contain portions of the Y chromosome. The portion of the Y 
chromosome present in one of the three XX males differs from 
that present in the other two. 

In one of the few families reported to contain two or more 
XX males, the pattern of inheritance suggests a dominant male- 
-determining locus segregating according to an autosomal 
mode. Affected siblings! and affected identical twins'* have 
“also been described. The family reported here has been described 


previously^?. Briefly, two XX males are second cousins, and 
they are distantly related to a third XX male via a common 
male ancestor (Fig. 1a). The mothers of two of these XX males 
are related in several ways. It has been argued that an autosomal? ` 
or ‘pseudoautosomal” recessive male-determining gene ist 
segregating in this family. 

In the present study, DNAs from three related XX males and 
their relatives were tested for the presence of certain Y-specific 
sequences using probes derived from the human Y chromosome. 
Some of these Y-specific DNA sequences were previously found 
to be present in, and others absent from, the genomes of sporadic 
XX males?. We have reported previously the absence in these 
three related XX males of the Y-specific 15-kilobase (kb) Tagl 
fragment at the X- Y homologous locus DX YS1 (ref. 13). DNAs 
prepared from cultured fibroblasts or from peripheral blood 
leukocytes were digested with the restriction endonuclease Tagl 
and gel transfers'* of the resulting fragments were hybridized 
with radiolabelled DNA probes detecting Y-specific Tagl frag- 
ments. Table 1 summarizes the results of these tests and Fig. 
1b, c shows autoradiograms of some of the original data. All 
three XX males carry certain Y-specific sequences. The two XX 
males who are second cousins, Х-1 and X-2, seem to carry 
similar if not identical portions of the Y chromosome; that is, 
their genomes contain the two Y-specific Tagl fragments detec- 
ted by probe 47c, but they are negative for all other Y-specific 
sequences tested. (In this respect, they resemble the sporadic 
XX male ‘3’ previously reported by Guellaen et ai5.) X-3, the 
distantly related XX male, is positive not only for the two 
Y-specific Тад1 fragments detected. by 47c, but also for some 
of the Y-specific Tagl fragments detected by probes 50f2, 52d 
and 118. (The patterns observed were identical with those seen 
in sporadic XX male ‘4’ reported by Guellaen et al.) None of 
the three XX males is positive for all of the Y-specific sequences. 
We conclude that each carries only a part of the Y chromosome. 

By this test, there is no evidence of abnormality at the DNA . 
sequence level in any of the relatives. The fathers of the XX © 
males and a brother, X-4, are positive for all of the Y-specific =: 
sequences tested, while the mothers and a sister, X-5, are nega- 
tive for all of the Y-specific sequences. Moreover, the intensities: . 








the Y-specific bands (relative to autosomal or X-specific 
_ bands) in the fathers are similar to those seen in normal unrelated 
*males (data not shown). Thus, as the fathers all have a normal 
male karyotype, it is likely that the Y-specific DNA sequences 
"they. display are present in normal copy number and only оп 
ће Y. chromosome. As in Sxr mice'*!®, ‘sex reversal’ in these 
";humans may be the result of an X; Y translocation. However, 
« unlike Sxr, duplication of the testis-determining portion of the 
Y. chromosome in carrier males is apparently not involved. 
~: We conclude that these three related XX males are males 
- because, like the three sporadic XX males reported by Guellaen 
_-etal®, they carry a testis-determining fragment of the Y chromo- 
some. Note that the patterns of Y-specific fragments shown by 
these related XX males are among the patterns shown by 

„s sporadic XX males. In the case of each of the three XX males, 
гга new mutation must have occurred in the father, during or 

before the meiotic divisions. That mutation apparently involved 
breaking the Y chromosome and perhaps translocating one of 
the resulting pieces to the X chromosome. We detected no 
_ Y-specific sequences in any of the three mothers. (Guellaen et 
__al® previously reported the same finding in the mother of one 
sporadic XX male.) These results seem incompatible with a 
. maternal contribution to XX maleness in this family; such a 
“contribution had been suggested by weak positivity for the H-Y 

- antigen in the mothers’. If there is an inherited defect predispos- 

ing to XX maleness in this family, it is operating in the fathers, 

in whom Y chromosomes are broken. 

The two closely related XX males (X-1 and X-2) carry a 
imilar if not identical portion of the Y chromosome, and they 
re related through males only. Thus, it is possible that the Y 
hromosome common to their fathers is susceptible to the sort 
of gross mutation described above, perhaps at a particular site 
onthe Y chromosome. Indeed, a Y-linked mutation predisposes 
, to reciprocal X; Y translocation in the mouse”. If a Y-linked 
“mutation is operating in the fathers of the two closely related 
ХХ males, the occurrence of XX maleness in a distant relative 
^(X-3), related through a lineage that includes females as well 

as males, may be merely coincidental. This is consistent with 

the finding that X-3 carries a different, albeit overlapping, frag- 
; ment of the Y chromosome. 

Using X-linked restriction fragment length polymorphisms, 
we have shown previously that most, if not all, XX males, 
including the three studied here, inherit one X chromosome 
from their father and one from their mother". However, like 
many XX males, X-3 does not express his father's allele for the 
dominant, X-linked marker Xg. (Xg segregation is uninforma- 
tive in the other two XX males.) As reported above, X-3 has 
inherited part of his father's Y chromosome. This is reminiscent 













Table 1 Y-specific DNA sequences in XX males and their relatives 
























Fig. 1 a, Simplified paternal pedigree of XX males X-1, X-2 
and X.3 (black squares) (from ref. 8). b,c, Hybridization of 
Tagl-digested DNAs from the XX males and their relatives with 
50f2 (b) and 47c (c). Each lane corresponds to the individual 
immediately above that lane in the pedigree shown in a. DNA 
samples were digested with Taql, electrophoresed on agarose gels, 
transferred'^ to Pall. Biodyne (1.2-~m pores) nylon paper and 
hybridized with radiolabelled probes. largely as described pre- 
viously'*. However, following transfer, the air-dried papers (DNA- 
coated side up) were exposed to germicidal (short-wave) ultraviolet 
light at an intensity of 400. W cm ? for 1 min; they were not- 
baked. The arrows on the left indicate the Y-specific Taq! frag- 
ments detected. The sizes of restriction fragments (in kilobase 
pairs] are shown on the right. 





Individual 47c 50f2 52d 


Normal male 
Normal female 


IX-1 (GM2672) father 
IX-2 (GM2671) mother 
X-1 (GM2626) XX male 


IX-3 (GM2624) father 
IX-4 (GM2625) mother 
X-2 (GM2670) XX male 


IX-5 (LGL118) father 
0-6 (LGL117) mother 
2X3 (LGL115) XX male 
X-4 (LGL116) brother 
X-5 (LGL119) sister 
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Genomic DNAs from normal unrelated males and females and from the indicated members of the pedigree in Fig. 1a were digested with Tagl, 
< blotted апа hybridized with probes detecting Y-specific sequences. Methods were as described for Fig. 15, c. The number of male-specific Tag! 


fragments detected by each probe are shown. ND, not done. 
* Тһе data for probe pDP34 ( DXYSI) are from ref. 13. 





Probes 
118 27 49f 12f3 pDP34* 
8 1 3 1 1 
0 0 0 0 0 
ND ND ND ND 1 
ND ND ND ND 0 
0 0 0 0 0 
ND ND ND ND 1 
ND ND ND ND 0 
0 0 0 0 0 
ND ND ND ND 1 
ND ND ND ND 0 
4 0 0 0 0 
ND ND ND ND 1 
ND ND ND ND 0 

































































of our finding of a sporadic XX male who expresses his father's 
allele for 12E7, a Y-linked marker, but fails to express his father's 
Xg allele?. Both cases can be explained by an interchange of a 
ortion of the Y chromosome with a portion of the paternal X 
chromosome’. However, such an interchange cannot easily 
account for XX males X-3’s apparent failure to express his 
father’s allele for the dominant, X-linked marker Xm (ref. 1), 
hich maps to the long arm of the X chromosome; Xg maps 
to the short arm. It is possible that the Xm typing of this family 
was in error. Unfortunately, as Xm antiserum is no longer 
available, the typing cannot be repeated. 

Taken together, our findings and those of Guellaen et al‘ 
suggest that, though variable in size, the segment of the Y 
chromosome present is similar in at least some familial and 
sporadic XX males. It is likely that that segment of the Y 
chromosome carries the genetic information which is male- 
determin ng. 

This study was aided by grants from the NIH, the Sigrid 
Jusélius Foundation, the Folkhalsan Institute of Genetics and 
the Academy of Finland. We thank Laura Brown for assistance, 
- George Church for technical advice, and David Botstein, in 
whose laboratory some of these experiments were performed. 
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Ла the human there is an X-linked gene affecting steroid sulphatase 
(STS) activity which, when deficient, is associated with X-linked 
congenital ichthyosis’. The gene (STS) is located on the distal 
“tip of the short arm"? and is only partially inactivated when it is 
on the inactive X-chromosome’™'®. In the mouse, the genetics of 
STS are not clear; the results of one study using XX:X0 oocyte 
‘comparisons indicated X-linkage'', but three other studies using 
STS variants have produced segregation data compatible with 
autosomal linkage of murine 575 '2—', Here we present the results 
of STS assays of crosses of deficient C3H/An male mice" to 
normal X0 animals which demonstrate X-linkage of STS in the 
mouse and indirectly indicate the existence of a functional STS 
allele on the Y-chromosome which undergoes obligatory recombi- 
; nation during meiosis with the X-linked allele. 











Table 1 Results of crosses of STS-deficient C3H/ An with normal mice 





No. of offspring 


Cross Females Males 
Female Male STS* STS” STS* STS^ 
*C3H/An(STS ) BALB/c (STS*) 13 0 17 0 
*BALB/c(STS*) СЗН/Ап (5757) 6 0 8 0 
*C3H/An (5757) Feral mouse 3 0 5 0 
(STS*) 
*C3H/An ($757) CS57B(STS*) Not tested 7 0 
*(C3H/An х C3H/ An (5757) 10 13 13 15 
C57B) F, 
(STS*) 
*(C3H/ An х C57B (575?) 16 0 17 0 
C57B) F, 
(STS*) 
C3H/An (8757) (C3H/Anx 2 6 2 4 
BALB/c) F, 
(STS*) 
СЗН/Ап (5757) (BALB/c x 1 6 2 1 
C3H/An) F, 
(STS*) 


STS assays were carried out on sonicated spleen extracts using °H- 
dehydroepiandrosterone sulphate as substrate, according to Shapiro et 
al^. Pure-breeding STS* mice have STS activity of 250 pmol per h 
per mg protein and pure-breeding STS” mice (C3H/ An) have <7 pmol 
per h per mg protein. The STS activity of STS* hybrid mice varied from 
70 to 160 pmol per h per mg protein. 

* Unpublished data from Balazs et al.'*. 


When C3H/An STS-deficient mice are crossed with STS nor- 
mal animals in various combinations, the results seem compat- 
ible with simple autosomal inheritance of STS deficiency (Table ^ 
1). However, one litter from a cross of an STS-deficient female 
with a supposed pure-breeding STS normal male yielded one 
STS-deficient female. If the exceptional female was ХО), it would 
suggest that STS deficiency follows an unusual form of sex- 
linked inheritance. Unfortunately, materials were not available 
for cytological analysis of the exceptional animal nor could the 
male parent be tested for possible heterozygosity. 

We therefore instituted crosses of C3H/An STS-deficient 
males with STS normal X0 mice marked with the tabby (Ta) 
gene. The X-linked tabby marker permits separation of mice 
carrying Ta, in either the hemizygous or homozygous condition, 
from heterozygotes and wild-type mice by its characteristic coat 
markings. From these crosses, three classes of offspring are 
expected with regard to tabby and sex: Ta/-- 99, -/099 and 
Ta/ Үд. Table 2 gives the results of these crosses with respect 
to tabby, sex and STS level. If the STS variant we are studying 
is autosomal, there should be no differences in STS levels 
between the three classes of offspring. On the other hand, if the 
STS variant lies on the X-chromosome, then the X0 progeny 
should be STS-deficient, in contrast to the normal or intermedi- 
ate values for the Ta/+ and Ta/Y animals. In fact, the X0 
animals show STS values not significantly different from their 
deficient male parent. The absence of STS-deficient animals 
among 15 Ta/Y and Та/ + siblings argues against the possibility 
that the X0 parents are heterozygous for STS deficiency at an 
autosomal locus. These results demonstrate X-linkage of the 
C3H/An STS deficiency. 

The studies reported here (Table 1) and elsewhere" using the 
C3H/An STS-deficient mouse strain in various crosses yield 
results compatible with simple autosomal inheritance of the 
deficient STS gene in the C3H/An strain. However, when 
deficient C3H/An males are crossed to STS normal X0 mice, 
the segregation pattern observed in the offspring demonstrates 
X-linkage of the STS deficient gene (Table 2). These apparently 
contradictory results are best explained by postulating a func- 
tional Y-linked STS gene that undergoes obligatory recombina- 
tion with its X-linked allele. As both the C3H/An and BALB/c. 
Y chromosomes exhibit recombination with the X-linked STS 














Table 2 Levels of STS activity resulting from crosses of STS* ХО to 
STS” XY mice 





STS activity (pmol per h per mg protein) 


Parents Offspring 
STS*  STS^* 

Sex. chromosomes: x0 XY хот XX XY 
Tabby genotype: Та/0 +/Y +/0 Ta/+ Ta/Y 

198 25 27 310 189 

119 42 23 260 188 

217 52 36 162 236 

281 62 274 176 

198 16 114 234 

162 10 244 140 

134 131 

313 

258 

Mean STS value 187 40 29 227 207 





> Each STS value represents an individual mouse. Tabby ХО mice (Е, 
_ mice from C57BL/6J x CBA/Ca crosses) were obtained from Jackson 
|. Laboratories (Bar Harbor, Maine). The STS assay is a modification of 
-the technique of McNaught and France". Ear punches of 2 mm diameter 

"were placed in 100 wl of buffer (0.1 M Tris-HCl pH 7.2) and frozen оп 
агу ice. The samples were then thawed and sonicated on ice for 5s at 
250 W and placed on ice. This cycle was repeated four more times. 
‘Cold’ oestrone sulphate (4 ng) and *H-oestrone sulphate (2 Ci, specific 
activity 52.5 Ci mmol! ; NEN) were added to 50 yl of the extract on 
ice. A zero-time sample of 26 pl of the assay mixture was added to 25 ul 
of 0.1 M NaOH. The rest of the reaction mixture was incubated at 37 °C 
for 40min, then the reaction was stopped by adding 25 ul of 
0.1 M NaOH. Petroleum ether (350 pl) was added to each sample and 
^i the mixtures vortexed for 30 s. The samples were placed on dry ice and 
an aliquot (100 pl) of the organic phase was removed and added directly 
to 5 ml of toluene/Omnifluor for radioisotope counting. Protein assays 
were done according to the Lowry method**, 
; * The values reported here are for the three STS^ males used in the 
`2. above crosses. All STS^ mice (C3H/ An) have low STS levels which do 

not overlap with those of either the pure-breeding STS* strain or the 
* F, animals. Duplicate assays varied by «1096. 

+1 Опе ХО offspring was examined cytologically and the modal 
chromosome count was found to be 39. 





Y-linked STS gene. However, another closely linked gene, 
gene (Table 1, crosses shown in lines 7 and 8) the recombina- 
tional property postulated here is not a unique characteristic of 
the C3H/An strain. 

Ultrastructural studies of crossing-over in the XY pair of 
various mammals, including the mouse, suggest that there is 
~ partial synapsis of the X and Y, followed by chiasma formation. 
A model including a single obligatory crossover between the X 
and Y!5-5 would predict that genes distal to the crossover will 
be transmitted to both male and female offspring and appear 
^to be autosomally inherited. The Sxr (‘sex-reversed’) mouse’? 

is a precedent for this possibility since the Sxr rearrangement 
is passed equally to male and female offspring???!. Sxr has been 
mapped to the distal tip of the X and Y coincident with the 
proposed X-Y pairing region of the mouse. Accordingly, the 
STS locus should map to the same region. It should be pointed 
out that our data on the STS locus in the mouse directly 
contradict the theory of Ashley", who suggests that synapsis 
between the X and Y chromosomes is non-homologous and that 
regular crossing-over does not occur between the X and Y 
chromosomes. 
In man, the X-linked STS locus maps to the distal tip of the 
short arm of the X, which is the presumed pairing region of the 
‘human sex chromosomes" *. The X-linked recessive pattern of 
“inheritance of human STS deficiency precludes a functional 











MIC2, which codes for the red blood cell antigen 12E7, do 
have an expressible allele on the Y chromosome in human 
Obligatory recombination proximal to this locus appears to 
precluded by results from studies of a polymorphism of 12 
which shows a complex sex-limited expression of variation: 
12E7 levels**. Therefore, if there is an obligatory crossov 
between the human X and Y, it would have to be distal to 12 
and STS. These observations do not exclude the possibility. 
occasional exchange between the X and Y in human, which ha: 
been shown to occur in the origin of some XX males??? 

With functional alleles on the X and the Y chromosomes in 
the mouse, dosage compensation is not required to effect equality 
of expression of X-linked alleles in females and males?!. In fact 
the similarity of STS values in XO STS* parents and XX STS* 
daughters seems to exclude the STS locus from X-inactivation. 
We know from coat colour markings that the tabby gene in the 
XX daughters is being randomly inactivated; if the STS locus 
followed the same pattern, then the STS values of thé XX 
daughters would be approximately half those of the X0 mothers 
(Table 2). Definitive evidence for or against X-inactivation of 
the STS locus will require some form- of cloning study in 
heterozygotes. 

Thus, we have shown by crossing STS normal X0 mice with 








C3H/An STS-deficient males, that the STS deficiency of the - 
C3H/An mice is controlled by an X-linked gene. This result, in 





conjunction with previous data suggesting autosomal inheri 


ance of the C3H deficiency, implies the existence of an STS 


allele on the Y chromosome that undergoes obligatory recombi- 
nation. ; 
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If an animal that learns to respond to a visual stimulus presented 
.to only one eye can continue to respond accurately when the 
Stimulus is presented to the other eye, it is said to exhibit inter- 
ocular transfer (IOT). IOT has been studied extensively in many 
groups of vertebrates'"!', but there is only one conclusive report 
of ТОТ in an invertebrate (Octopus). Here we demonstrate that 
an insect, the desert ant Cataglyphis, exhibits IOT when it navigates 
“by the pattern of polarized light in the sky, but shows no [OT 
when it uses landmarks for orientation. This marked difference in 
behavioural performance may help to elucidate the neural 
Strategies adopted by insects when using célestial (polarization) 
and terrestrial cues for navigation. 

Insects possess multi-faceted compound eyes which endow 

them with full panoramic vision'*'*. The present experiments 
¿used the long-legged Saharan desert ant, Cataglyphis fortis, in 
; Which the visual fields of the two eyes cover 93% of the unit 
"sphere". As the remaining 7% of ‘dead space’ is confined 
completely to parts of the unit sphere that lie below the horizon, 
‘desert ants can view simultaneously all parts of the celestial 
hemisphere as well as the entire skyline extending above the 
horizon. Ants use visual skymarks such as the Sun and the 
"extensive pattern of polarization as directional cues'®. A desert 
ant can easily be trained to find an artificial food source estab- 
ished, say, 20 m to the north of its underground colony'’. Having 
arrived there, the ant will grasp the piece of bait (say, a small 
Cube of cheese) with its mandibles and run home along a straight 
path, selecting the proper home direction (in this case south) 
even if the insect is displaced to unknown territory and prevented 
from viewing either landmarks or the Sun; the celestial pattern 
of polarization suffices as a compass cue”, 
-To test ТОТ, we trained ants after covering one of the com- 
pound eyes (and its three ocelli) with a light-tight cap. Thus, 
hese ants had to learn their home direction using only one eye 
the ‘trained eye’). After training was completed (Fig. 1, test A), 
we removed the cap from the ‘naive eye’ and occluded the other 
trained) eye. The eye caps could be removed carefully using 
. fine forceps, without damaging the corneal surfaces of the eyes. 
_In scanning micrographs, eyes from which caps had been 
removed could not be distinguished from untreated eyes. Ants 
with the eye caps exchanged oriented in the homeward direction 
ist as the controls did using their trained eyes (Fig. 1, test B1). 
In these tests, the ants used both eyes to navigate until we 
started to train them to an artificial food source; only then was 
one eye occluded. In the following experiment, one eye was 
covered before the ant could acquire any visual information. 
* This was done by rearing the ants in a laboratory colony and 
"providing them with eye caps shortly after they had hatched 
-from their pupal cases. The monocular ants were then transferred 
to à natural colony in the desert, where they remained under- 
‚ ground until they began their foraging lives about 28 days later!?. 
- These animals were still able to perform IOT when the trained 
eye was covered and the naive eye opened for the first time in 
the ant's life, using only the pattern of polarized light in the sky 
(Fig. 1, test B2). 

In contrast, if the ants used landmarks to pinpoint the position 

of their nest, IOT did not occur. This was demonstrated by 

marking the position of the nest by a set of artificial landmarks, 
"consisting of three black cylinders (11? high and 6° wide), which 
were positioned at the corners of an equilateral triangle centred 
on.the nest entrance (Fig. 2a). Ants were tested which had 
_> already returned. from the food source to the nest; such ants 
have reset their path integration (celestial navigation) system to 
zero and rely exclusively on landmarks for finally locating the 
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Fig. 1 Ants exhibit interocular transfer of visual information 
deduced from the pattern of polarized light in the sky. The bars 
indicate walking directions of monocular ants which can see only 
the pattern of polarized light in the sky. Landmarks and the Sun 
were occluded'’. One eye was covered with a thin coat of fast- 
drying paint (Testors Matte Enamel 1149 Black) applied while the 
ant was immobilized, its head viewed through a dissecting micro- 
scope. 0°, Homeward direction. A, Control experiment: trained 
eye open; n — 11. B, Tests for interocular transfer: naive eye open. 
The naive eye was occluded while training the ant to the 0° compass 
course (ВІ; n = 32) or during the entire lifetime of the ant before 
the experiment (B2; n = 18). a, and r are the direction and length 
of mean orientation vector, respectively??. If one eye is occluded, 
ants, as well as other arthropods, deviate by an error angle towards 
the seeing side. In C. fortis, this error angle, e, was determined 
before the experiment (є = 37.2+ 4.3° (s.e.), п = 50) and then 
used to correct the ants' compass bearings. In all tests, homeward 
orientation was highly significant (Р < 0.001; Rayleigh test^?). 


position of their nest'®. The distance between the nest entrance 
and each cylinder was 2 m. 

Monocular ants learned the configuration of landmarks while 
performing four to six orientation runs which led them to a 
distance of up to 3 m from the nest; only then did they begin 
foraging up to distances of more than 50 m. In the critical test, 
ants and landmarks were transferred to a nearby plain which 
had been provided with a grid of white lines to facilitate the 
recording of the ant's walking trajectories". When the ants 
captured directly at the nest entrance were released anywhere 
near the triangle of cylinders, they immediately headed for the 
centre of the triangle and consistently searched there by walking 
in narrow loops around the point where they expected the nest 
to be (Fig. 25, c). In contrast, when the trained eye was occluded 
and the naive eye opened, the ant was unable to locate the 
centre of the triangle to which it had been trained, but searched 
around the point where it was released (Fig. 2d). However, if 
the eye cap was immediately exchanged, leaving the trained eye 
open and the naive eye occluded, the ant again oriented perfectly 
by searching the centre of the triangle (Fig. 2b, c). Even when 
eye caps were changed from eye to eye several times, the same 
result was always obtained; the ant oriented perfectly when 
using the trained eye, but was disoriented completely when using 
the naive eye. 

It may generally be assumed that IOT for some function 
occurs when the locus of that function is downstream from the 


place where information from the two eyes is combined. Lack ^: 


of IOT would indicate some contribution from monocular 


mechanisms peripheral to binocular convergence. The landmark’: 


experiments indicate that the way in which the image of the 
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Fig. 2 Ants do not exhibit interocular transfer of visual informa- 
tion deduced from landmarks. a, Landmark configuration. 
Monocular ants were trained to the centre © of the triangle marked 
by three black cylinders (11° high, 6° wide as seen from the centre 
of the triangle). In the tests following the training procedure, the 
ants were released outside the triangle (at O). b, c, Test A, control 
experiment; trained eye open. Searching densities (SD) are shown 
in three-dimensional (Б) and two-dimensional (c) plots. They were 
determined as follows. In the field, the ants' paths were recorded 
at reduced scale by using a grid of white lines painted on the hard 
desert ground. Later, for each of the sampling squares, the total 
pathlengths of all ants tested were determined by using an elec- 
tronic digitizer, and the relative pathlengths per sampling square 
(searching densities) were computed. In c, d, the shaded areas are 
those that were searched by the ants most extensively: SD > 0.045, 
0.045 > SD > 0.03, 0.03 > SD > 0.015. d, Test B, test for interocular 
transfer; naive eye open. The ants rio longer recognized the con- 
figuration of landmarks. They searched about the point of release, 
but not in the centre of the triangle. In total, 30 ants were tested 
for 5 min each. 


skyline is stored within the ant's visual system depends crucially 
on the information gained by each eye. A monocular ant, while 
turning around and scanning the entire skyline with one of its 
eyes, does not use the landmark information it obtains to form 
a central ‘binocular’ image that could be read and used by the 
other eye as well. This is consistent with the recent view that 
insects use internally stored images of landmarks to guide them 
~ home'?”°. In this context, it is interesting that birds which exhibit 
ТОТ when discriminating between shapes and colours"? also 
«completely lack ТОТ when visual spatial memories are involved 
-in the task to be solved, for example, when food sources must 
_ be located on the basis of landmark information?! 
*.. On the other hand, a monocular ant can read a learned 
« compass direction from the pattern of polarized light in the sky 
irrespective of whether it uses the trained eye or the naive eye. 
Та the latter case, this might be explained very simply. In bees, 











and probably also in arts, the ability to use polarized sky ра 
as a compass is restricted to a small specialized part of the retina 
located at the uppermost dorsal margin of the insect's eye 
According to our current understanding of how this specialized 
area is used as a celestial compass", the compass information 
read from the sky by one eye is identical to that read by the 
other eye. It seems that one eye can substitute for the other 
when the areas of the two eyes involved convey identical 
messages to the nervous system. In these experiments, IOT has 
been inferred from unilateral stimulation by light^*, but as the | 
contralateral eye was: not occluded, one cannot dismiss the 
possibility that the response was due to stimulation of the rather. 
large binocular field of view or to stray light artefacts. SE 
This work was supported by Swiss NSF grant 3.073.081. 
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Astrocytes are a major cell type in the mammalian central nervous 
system (CNS), yet their functions remain uncertain. There are two 
principal classes of these glial cells—protoplasmic astrocytes, 
found mainly in grey matter, and fibrous astrocytes, which occur 
mainly in white matter’. Recently, these two types of astrocytes 
have been distinguished in cultures of developing CNS and have 
been shown to be biochemically distinct”, Because both types 
contain large numbers of glíal filaments in vitro and hence appear 
‘fibrous’, we will refer to them as type 1 (protoplasmic) and type 
2 (fibrous) astrocytes”. Most type 2 astrocytes in culture share 
several properties with neurones’; for example, they have a process- 
bearing morphology and bind tetanus toxin and the monoclonal 
antibody A2BS (ref. 3), both of which recognize specific ganglio- - 
sides" and were initially considered to be neurone-spécific markers 
in the CNS***. We have therefore investigated whether type 2 
astrocytes also share electrophysiological properties with neurones. 
Using intracellular microelectrode and ‘whole-cell’ (patch-clamp) 
recording techniques, we have now found that both type 1 and type 
2 astrocytes in culture have time- and voltage-dependent potassium 
ion conductances which, until recently, were considered to be 
confined largely to electrically excitable cells. 



































Cells from 7-day-old Sprague-Dawley rat optic nerves were 
dissociated and cultured on poly-L-lysine-coated plastic culture 
dishes in Dulbecco’s modified Eagle’s medium containing 10% 
fetal calf serum (FCS) as previously described^". We have 
previously shown that there are no neurofilament-containing 
neurones in such cultures? and that >90% of the process-bearing 
cells are type 2 astrocytes, as determined by labelling with A2B5 
antibody and antibodies against glial fibrillary acidic protein 
(GFAP)*. The remaining process-bearing cells are oligoden- 
rocytes, as determined by their labelling with antibody against 
galactocerebroside (GC)*”. 

After 2-5 days in culture, cells with a typical type 2 astrocyte 
morphology? were examined electrophysiologically. Resting 
membrane potentials, measured with an intracellular microelec- 
trode, were in the range —65 to —85 mV (mean «s.d. = —79.6 + 
:9:mV ; п = 29). When the cells were polarized by injecting 
current pulses, a ‘passive’ membrane response was noted for 
small depolarizing or hyperpolarizing responses; however, with 
larger depolarizing pulses the response was more complex and 
à delayed reduction in the size of the depolarization was 
observed (Fig. 1a). This decline in amplitude to a plateau level 
was associated with an increase in membrane conductance, 
«which was detected in two ways. First, when small hyperpolariz- 
ing current pulses were delivered before, during and after the 
depolarization (Fig. |Б), the evoked hyperpolarization was 
reduced during the plateau phase of the response. Second, when 
the relationship between the amplitudes of the injected current 
and the membrane potential near the end of the. pulse was 
examined, a clear increase in membrane conductance was noted 
with depolarizations beyond —40 mV (Fig. 1c). 

This voltage-dependent response was not affected by removal 
of external Na* (by replacement with N-methyl-D-glucamine), 
by addition of tetrodotoxin (TTX, 10 nM), by reducing the 
external Ca?* level to 107 * М with added EGTA or by addition 
“of the Ca’*-channel blocking agents La?* (1mM), Са?“ 
(10 mM) and. nifedipine (1 pM) to a nominally ‘calcium-free’ 
sohition. In contrast, the response was attenuated by addition 





Fig. 1 a, Voltage response (lower trace) of a 
type 2 astrocyte to depolarizing current pulses 
of varying amplitude (upper trace). Resting 
potential, —78 mV. b, Hyperpolarizing current 
pulses delivered before, during and after a 
depolarizing pulse (upper trace) show that the 
membrane conductance is increased during the 
plateau phase of the voltage response (lower 
trace). Resting potential, —75 mV. c, Current- 
voltage (1- V) plot for depolarizing and hyper- 
polarizing current pulses shows an increase in 
membrane conductance for depolarizations to 
7-40mV. The membrane potential was 
measured at the end of the current pulse, on 
the plateau phase of the voltage response. d, 
Membrane responses to depolarizing current 
pulses injected from a 2 М CsCI-filled intracel- 
lular microelectrode at the specified times after 
electrode impalement. Note the initial complex 
nature of the depolarizing response and its dis- 
appearance with time. The current pulse for the 
middle voltage trace is slightly smaller than for 
the other two traces. Resting potential, -80 mV. 
Except where noted, intracellular microelec- 
trode studies were made on cells bathed in a 
recording solution of (mM): 145 NaCl, 5 KCI, 
10 CaCl,, 5 HEPES-NaOH pH 7.4. The use of 
a high calcium concentration improved the 
quality of electrode impalement and gave more 
negative and more stable membrane potentials. 
Microelectrodes of resistance 30-45 МО were 
filled with 3 M KCI except in d. Current pulses 
were delivered through the recording electrode 
which was connected to a bridge circuit. Tem- 
perature, 19-21 *C. 


of the K*-channel blocking drugs, tetraethylammonium (TEA, 
10 mM) and 4-aminopyridine (4-AP, 5 mM). Furthermore, the 
voltage-activated increase in membrane conductance was greatly ` 
reduced when cells were impaled with microelectrodes contain-. 
ing Cs*, which blocks K* channels in many cell types'^!, Figure ` 
1d shows the response of a type 2 astrocyte to similar current 
pulses delivered 3, 15 and 60s after penetration with a CsCl- 
filled microelectrode; a reduced voltage- and time-dependent 
response occurred as Cs diffused into the cell from the pipette. 
These findings suggest that the channels mediating the response 
to depolarization are similar to voltage-gated K* channels found 
in neurones and muscle cells. 

To investigate this voltage-dependent response further, type 
2 astrocytes were studied by the patch-clamp method with 
‘whole-cell’ voltage-clamp recordings". The measured resting 
potential, with 145 mM KCl in the patch pipette ((K*],= 5 mM), 
was —80.1::3.5 mV (mean +5.4., n —21), which is close to the 
value calculated from the Nernst equation for an exclusively 
K*-permeable membrane. Figure 2a shows a family of voltage- 
clamp currents evoked by depolarizing voltage steps from a 
holding potential of —80 mV. After the initial capacity current, 
time- and voltage-dependent outward currents occurred with 
depolarizations іо >—40 mV. This is shown graphically in 
Fig. 2b, where the current amplitude at the end of the depolariz- 
ing pulse is plotted against membrane potential. The voltage- 
dependent response was altered when Cs' (10 mM), TEA 
(10 mM) or 4-AP (2 mM) was included in the internal solution 
of the patch pipette; depolarizing steps now no longer evoked 
a persistent outward current. However, with Cs* present, an 
outward current was observed which peaked within a few mil- 
liseconds and then rapidly became inactivated, declining 
exponentially to a steady level with a time constant of ~30 ms 
(Fig. 2c). Unlike the persistent outward current, this transient 
current was abolished if the holding potential was set to levels — 
> —40 mV. Because, in our experimental conditions, this current = 
is outward at negative membrane potentials, it also must be- 
carried largely by K* ions. ; 
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Fig, 2 Voltage clamp studies оп type 2 astrocytes made with the whole cell (patch clamp) recording method. a, c, Outward currents (upper 
"v. traces) evoked by depolarizing voltage command steps (lower traces) from a holding potential of ~80 mV; time-dependent currents are evoked | 
2 by depolarizations to 7 —40 mV. Cell resting potentials: a, --80 mV; b, —83 mV. In c the solution ia the patch pipette was supplemented with 
10 mM CsCl. b, I- V plot of ‘steady-state’ current for the cell shown in a. For these studies, cells were bathed in a recording solution containing: 

2 mM CaCl). Patch pipettes (3-8 MQ resistance) were filled with (mM): 145 KCI, 5 NaCl, 1 EGTA, 5 HEPES-KOH pH 7.4. TEA (10 mM), - 

4-AP (2 mM) or CsCl (10 mM) was added to this solution as required. Gigaohm seals (725 GQ) were formed between the patch pipette and 

the membrane surface by gentle suction; increased suction then ruptured the underlying membrane to give whole-cell recordings. No series. 

resistance or capacity compensations were made for the illustrated records. Temperature, 20-22 °C. The complex geometry of the cells means 

that although voltage control of the soma is good, the long processes will be poorly clamped. However, this does not affect the basic reported 

` features of the evoked currents, as the kinetics and reversal potentials of the whole-cell currents and of the macroscopic currents in outside-ou 
membrane patches are indistinguishable. 





To determine whether type 1 astrocytes in culture have similar 
_ voltage-and time-dependent К” conductances, we examined 
< Cultures of type 1 astrocytes prepared from neonatal rat cortex 
Ву a modification of the McCarthy and de Vellis procedures"? 
': described elsewhere’. More than 95% of the cells in such cultures 
меге А2В5`, GFAP" type 1 astrocytes. Only cells that were not 
їп contact with other cells were examined electrophysiologically, 
“to avoid any problems introduced by electrical coupling between 
. contiguous cells'^. Type 1 astrocytes had similar resting mem- 
‘brane potentials to type 2 astrocytes and also showed a voltage- 
. and time-dependent outward current on depolarization 
«Fig. 3b). Examination of the ‘tail’ currents seen immediately 
г after stepping back from a depolarized level to various holding 
potentials (—60 to —100 mV) indicated a reversal potential of 
7 -85 mV, which is consistent with these voltage-activated chan- 
nels being primarily K*-permeable. 
To determine whether cultured oligodendrocytes have similar 
К“ conductances, we examined oligodendrocytes in optic nerve 
cultures prepared from 7-day-old rats; the cells were grown in 


Fig. 3 Voltage clamp studies on an oligoden- 
drocyte (a) and a type 1 astrocyte (b). Before 
electrophysiological examination, the flat type 

1 astrocytes were usually rounded-up by a brief 
(~10 min) preincubation in a low-calcium- 
containing solution; this procedure eliminated 
most. of the cell processes and thus improved 
Co the spatial control of membrane voltage. 
iu Whole-cell recordings show a voltage- and time- 
: dependent К? current for type 1 astrocytes but 
not-for. oligodendrocytes. Holding potentials, 

i: —80 mV. 
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a modified Bottenstein and Sato medium containing 0.596 or 
no FCS for 2-5 days as described previously". In these cultures 
more than 95% of process-bearing cells are GC*, GFAP 
oligodendrocytes*. Although such cells had resting membrane 
potentials similar to those of type 1 and type 2 astrocytes, n: 
voltage-dependent conductances were activated when the cells: 
were depolarized to levels up to +20 mV. Figure 3a shows the 
membrane response to depolarizing pulses and the current- 
voltage relationship fora typical oligodendrocyte. Similar results 
with cultured oligodendrocytes have been reported by Ketten- 
mann et al. The electrophysiological differences between type 
2 astrocytes and oligodendrocytes must appear rapidly during 
development, because :t has been shown that both of these cells 
develop within 2 days in vitro’ from a common progenitor cell. 
present in 7-day-old optic nerve”: іп the presence of 10% FCS; 
the bipotential progenitor cell differentiates into a type 2 
astrocyte, while in serum-free medium it differentiates into an 
oligodendrocyte. It is not clear whether the progenitor cell itself. 
has the voltage-dependent conductances seen in type 2 astrocytes. 
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and loses them when it differentiates to become an oligoden- 
drocyte, or whether the progenitor cell acquires these conduc- 
tances on becoming a type 2 astrocyte. In either case, the changes 
in membrane conductance properties must occur within 2 days. 
Thus, we have demonstrated voltage-activated K* conduc- 
tances in type 1 and type 2 astrocytes in culture; these were not 
found in oligodendrocytes. Such conductances are activated 
when the cell is depolarized beyond —40 mV and seem to result 
from the opening of K* channels. The outward current normally 
observed in type 2 astrocytes shows little or no inactivation with 
time (over several seconds) and is blocked by TEA, 4-AP and 
Cs"; this conductance resembles the delayed rectifier found in 
nerve and muscle cells. In the presence of internal Cs”, a smaller, 
rapidly inactivating outward current is seen. The kinetics of this 
current may reflect a voltage-dependent block of the delayed 
rectifier-type channels by Cs* (see ref. 16) or the presence of a 
second type of K*-permeable channel in the membrane. Our 
findings suggest that at least some of the neural tumour cell 
lines reported to contain voltage-dependent К“ channels as well 
as glial cell antigens!" arose from astrocytes or their precursor 
cells. 

We have shown that astrocytes in culture display voltage- 
activated К” channels. This finding complements the recent 
| reports of veratridine- and voltage-activated Na* channels!5'? 
and voltage-dependent Ca?* channels? іп type 1 astrocytes. The 
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The T-cell antigen receptor is a heterodimeric molecule composed 
of a- and B-subunits of relative molecular mass 40,000—50,000 
' (refs 1-6). Recently, the genes encoding both the 8-7—° and æ- ^? 
chains have been cloned. By comparing amino-acid and nucleic- 
acid sequences, it is clear that these genes encode the a- and 
B-proteins of the T-cell receptor'*'*, In addition, a third receptor- 
like gene, the y-chain gene, has been identified, which has many 
- structural and sequence characteristics in common with the œ- and 
_B-chain genes. The role of the y-chain gene in T-cell development 
-is unknown. We have reported recently that the B-chain genes are 
'"transcriptionally turned on in the thymus at about day 17 of fetal 
development'5. Here we report that the a-chain also is transcrip- 
tionally activated during this time, but that the y-chain gene is 
|; active in the thymus at day 14, reaches a peak steady-state level 
at day 15 and rapidly declines thereafter. If the y-chain gene has 
гга functional role, it would seem to be involved very early in T-cell 
development, before the mature T-cell receptor is expressed. 

The mouse thymus is initially colonized by blood-borne pre- 
cursors during days 11 and 12 of gestation". Cell-surface 
molecules with the characteristics of the T-cell antigen receptor 
do not appear until day 17 (ref. 16) and functional cells do not 
appear in appreciable numbers until day 19 (refs 18, 19). Con- 
sistent with this, the а and В loci are transcriptionally active 
around day 17 of gestation (Fig. 1); this is evident not only in 
the absolute levels of messenger RNA, but also in the amounts 
of the larger transcripts (1.6, 1.3 and 1.5 kilobases (kb) for a, B 
and y, respectively) relative to those of the smaller transcripts 
(1.3, 1.0 and 1.2 kb for a, B and y, respectively). This is important 
because in the case of the B-chain gene, the larger transcript 
represents the full-length functional mRNA, whereas the smaller 
"mRNA is an aberrant transcript representing only rearrange- 
ments of the diversity-joining-constant gene regions’’?'. As 
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biological significance of these conductances in astrocytes will 
remain uncertain until the functions of these cells are known. 
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reported previously'®”’, the levels of 8-сһаіп mRNA reach а 
peak in the adult thymus and drop substantially in peripheral 
T cells, in contrast to steady-state levels of a-chain mRNA, 
which reach a maximum by day 19 and remain high in peripheral 

T cells. 

From the data presented in Fig. 1, it is impossible to compare 
the relative amounts of a, В and y mRNA because of the 
different sizes of probes used and the different exposure times. _ 
A more quantitative estimate of the relative levels of expression . 
is obtained from the number of clones of each of these genes 
present in a complementary DNA library. A library of 5 х 10° 
independent cDNA clones was prepared from day 17 fetal 
thymocytes, containing 50 (0.195) 8-chain clones and 5 (0.01%) 
clones each of the a- and y-chains. (In a similar experiment, 
Chien et al.'° found frequencies of 0.01% (a), 0.2% (B) and 
0.00296 (у) in the adult thymus and 0.03% (a), 0.126 (8) and 
0.002% (у) in peripheral T cells.) These differences in expression 
between day 17, adult thymus and peripheral T cells are reflected 
in the hybridization intensities shown in Fig. 1. The inverse 
relationship in the expression of the a- and y-chain genes is 
striking. The y-chain gene is transcribed at high levels early in 
differentiation and then transcription declines rapidly at the 
time when the a-chain gene is becoming activated. 

These data further support our previous conclusions’® that 
the mature receptor seen on peripheral T cells is first expressed 
in the thymus at —day 17 of gestation. The role of the y-chain 
gene is unknown. Our data are consistent with a change in 
receptor repertoire during ontogeny, as suggested in some 
models?"?^, One speculation, consistent with the expression of 
the a-, B- and y-chain genes during ontogeny, is that the B- 
and y-proteins form receptors that have specificity for major 
histocompatibility complex (MHC) antigens either alone or in 
combination with a ubiquitous cell-surface antigen; in other 
words, perhaps the B/ y combination is a MHC-restricted recep- 
tor specific for a nonpolymorphic cell-surface determinant. Thy- 
mocytes with the 8/ y combination specific for self-MHC anti- 
gens are induced to differentiate. One of the differentiation steps 
would include the turning-off of the y-chain gene and turning-on 
of the a-chain gene. The new a/B receptor would now (or 
perhaps after another round of selection) have specificity for a 
wide range of non-MHC antigens and for self- MHC. The bind- 
ing site for self- MHC would be contributed by the B-chain, - 
whereas the binding site for non-MHC would be formed by: 
both the a- and B-chains. Although this, in effect, suggests the 





presence of two binding sites, the overall functional specificity 
would depend on the specific a/ 8 combination. Such a model 
is compatible with what is known about the structure of the 
B-chain variable region? as well as the extent of variability of 
“the other two genes!” "15 This would explain the lack of 
Observed mixing of specificities in somatic cell hybrids (ref. 26 
cand W. Haas, personal communication). There is no direct 
|... evidence either for or against such a model. More information 

is needed concerning the expression of the y-chain on the cell 
~ surface and the repertoire of the three genes before and after 
thymic selection. 
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Fig. 1 Northern blot analysis of T cells at various stages of 
development. Total RNA (20 ug) was separated on 1.2% glyoxal 
gels", transferred to Gene Screen (NEN) and hybridized with an 
a- -chain probe (a), B-chain probe (Б), or y-chain probe (c). b, 
From ref. 16; ND, not done. 
Methods. B10.BR fetal thymocytes were obtained from timed mat- 
ings where the day of vaginal plug detection was designated as 
day 0. RNA was isolated by the guanidinium isothiocyanate and 
CsCl gradient centrifugation procedures?*"?, RNA blots were 
hybridized in 1M NaCl, 50mM Tris pH 7.5, 1% SDS, 0.2% 
polyvinylpyrrolidone, 0.2% bovine serum albumin, 0.2% Ficoll, 
100 pg ml"! denatured salmon sperm DNA, 10% dextran sulphate 
and 1.5 10° c.p.m. ml”! oligo-labelled?? probe (10? c.p.m. ug) 
at 68 "C overnight. Filters were washed in 0.3 M NaCl, 60 mM Tris 
pH 8, 2mM EDTA twice at 25 °С for 10 min and twice at 68°С 
for 30 min, and twice in 10mM NaCl, 6 mM Tris pH 8, 2mM 
EDTA at 25 °C. Exposure was overnight with intensifying screens 
(Ilford Fast Tungstate). Sizes of RNA molecules were estimated 
from denatured phage DNA restriction fragments of known lengths 
run in parallel on the same gel. АП probes are gel-purified inserts. 
The a-chain probe is the 300-base pair (bp) Ncol/ Avall fragment 
from the constant portion of the a-chain cDNA clone T1. (ref. 
12). The 8-ргобе is the 300-bp insert of the 4.4-kb cDNA clone 
from the constant portion of the B-chain gene starting ~50 bp 
downstream of the joining (J) gene segment (M. Kiefer and M.S., 
unpublished results). This clone was isolated together with the 
4.1-kb B-chain cDNA clone, as described previously!. The y-chain 
probe represents the 1.3-kb insert of the Ty5 cDNA clone contain- 
ing an almost full-length y-chain cDNA as determined by com- 
» patison-of this clone with published y-chain cDNA clones. The 
Ty5 cDNA clone was isolated from an EL-4 cDNA library with 
a 33-residue oligonucleotide specific for the constant (C,) gene 
segment (M.S., W. Bannwarth and M. Kiefer, unpublished results). 
This cDNA clone has a 105-bp deletion starting at amino acid —4 
and extending to amino acid 32 (numbered according to ref. 15; 
A. Traunecker, personal communication), presumably a result of 
: aberrant splicing. 
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Interleukin-2 (IL-2) is a regulatory peptide important for the 
growth and differentiation of antigen-specific T lymphocytes and. 
large granular lymphocytes'?, Interaction of IL-2 with its specific 
receptor results in the promotion of S-phase progression as well 
as, in certain circumstances, the production and release of y- 
interferon (IFN-y)**. Although the binding of IL-2 with bigh- 
affinity specific receptors has been well characterized^", the 
intracellular mechanisms by which this ligand-receptor interaction 
promotes growth and differentiation are unknown. Here, we present 
evidence that IL-2/receptor interaction produces a rapid and 
transient redistribution of protein kinase C (PK-C) from the 
cytosol to the plasma membrane. Phorbol myristate acetate (PM A) 
also induces PK-C transposition in an analogous manner, except 
that PMA-induced PK-C transposition to the plasma membrane 
is apparently protracted. As phorbol esters have been shown to. 
mimic IL-2 in the regulation of cellular proliferation as well as 
IFN-y production*" "^, the activation of PK-C by either phorbol 
esters or IL-2/receptor interaction seems to have a crucial role in: 
signal transduction elicited by these extracellular messengers. : 
Figure 1 shows the time course of IL-2-induced protein kinase ` | 
C activity. IL-2-dependent murine CT6 cells grown in 5 units | 
of IL-2 per 10° cells were washed in serum-free medium three 
times, 24h before experimental stimulation. The cells were 
















































































washed twice more, resuspended to 1 x 107 cells mi^, and incu- 
bated at 37°C for 2h. Approximately 500 units of recombinant 
IL-2 were added per 10’ cells and the PK-C-specific activity in 
the cytosol and plasma membrane were compared at the indi- 
cated time intervals. Within 3 min of IL-2 stimulation, an 
increase in PK-C-specific activity of over fourfold was observed 
in the plasma membranes of CT6 cells compared with unstimu- 
lated controls. Increases in membrane-associated PK-C activity 
of over 10-fold were observed by 10 min after IL-2 stimulation, 
followed by a rapid decline of plasma membrane PK-C activity 
at 20 min and a return to initial PK-C membrane-specific activity 
by 60 min. Concomitant with the rapid increases of PK-C mem- 
;brane-associated activity, there was a precipitous decline in 
^ PK-C activity within the corresponding cytosol preparations 
obtained at the same time intervals. Although a decline in 
cytosolic PK-C activity was seen as early as 1 min after IL-2 
stimulation, the lowest PK-C cytosolic activity was observed at 
. 10 min, corresponding to peak plasma membrane-associated 
` activity. Cytosolic PK-C activity progressively increased to basal 
levels by 60 min in the continuous presence of IL-2. In the same 
experiment, we compared the effects of PMA with those of IL-2. 
< As reported previously'', PMA (10 ng per 10° cells) stimulated 
arapid (1 min) association of PK-C with particulate membranes. 
The PMA-stimulated membrane association of PK-C was 
approximately twofold greater than that stimulated by IL-2 and 
exhibited a more protracted dissociation from CT6 plasma mem- 
‘branes. CT6 cytosolic PK-C activity rapidly declined within 1 
in of phorbol ester stimulation and was depressed to 50-115 
mol throughout the experiment. Similar data were obtained in 
previous study in which murine thymoma EL4 cells were 
“stimulated with phorbol esters'’. The present results indicate 
‘that the decrease in cytosolic PK-C activity and consequent 
membrane association is not limited to phorbol ester-treated 
-EL4 cells or parietal yolk sac (PYS-2) cells''!”. Indeed, IL-2, 
а growth-stimulating peptide, induced a substantial decrease in 
cytosolic PK-C activity with a concomitant increase in the 
| plasma membrane-associated activity (Fig. 1). Attempts to dis- 
ociate PK-C from the membrane fraction of PMA- or IL-2- 
treated CT6 cells with high-salt (0.3 M NaCl)-Tris buffer or with 
ufler containing metal chelators (1 mM EDTA and EGTA) 
have been unsuccessful (data not shown), suggesting that PK-C 
has become a tightly associated integral membrane component. 
To further investigate whether there is a direct correlation 
between IL-2-induced PK-C membrane association and IL-2- 
induced stimulation of proliferation of CT6 cells, we compared 
othe dose-response curve for PK-C membrane association with 
that for IL-2-induced proliferation. Figure 2 shows the results 
of a typical experiment comparing the effects of recombinant 
11-2 on PK-C plasma membrane association and CT6 prolifer- 
ation; the titration curves have similar slopes. Concomitant with 
“the increased membrane association of PK-C, there was а 
decrease in cytosol-specific activity, with half-maximal translo- 
cation of kinase activity in both membrane and cytosol occurring 
within an equivalent range of IL-2 activity (65-85 units). These 
dose-response kinetics further reinforce the notion that cytosolic 
PK-C became associated with the plasma membrane. In a related 
study, crude homogenates were preapared from control, IL-2- 
or PMA-stimulated CT6 cells and the total homogenate was 
extracted (cytosol plus membrane) with Nonidet P-40 (NP40). 
The resulting detergent-solubilized, DEAE-purified total PK-C 
activity from either control, IL-2- or PMA-stimulated CT6 cells 
agreed within 15%, indicating that neither IL-2 nor PMA 
significantly altered total enzyme activity (data not shown). Also, 
the 50% effective dose (EDs) of IL-2 for both PK-C membrane 
association and IL-2 bioactivity (measured by the proliferative 
response of CT6 cells) titrated within the same range of IL-2 
concentration (80-145 units), suggesting a close correlation 
between the activation of PK-C membrane association and those 
“events involved. in IL-2-induced proliferation of CT6 cells. 
Phospholipid enzymatic degradation, particularly phos- 
pliatidylinositol and..phosphatidytcholine turnover stimulated 
by a wide variety of neurotransmitters, hormones, growth factors 
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Fig. 1 Time course of association of PK-C with plasma mem- 
brane. IL-2-dependent CT6 cells were washed in serum-free RPMI- 
1640 medium and recultured in 1% fetal calf serum RPMI-1640 
for 24h. The cells were then washed twice and incubated at 37 °С 
in serum-free RPMI-1640 for 2 h before stimulation. Cells (1 x 10’) 
were resuspended in 1 ml in Eppendorf tubes and stimulated with 
either 100 ng PMA or 500 U of recombinant human IL-2 (Biogen). 
The cells were maintained in a shaking water bath at 37 °C, removed 
at the indicated time intervals and washed three times in 1.0 ml 
serum-free RPMI-1640/1 mM sucrose. All liquids was absorbed 
from the cellular pellets and the cells were lysed in a 50-1 volume 
of distilled Н,О aspirated through a Hamilton syringe for 205. 
Immediately, the lysate was reconstituted with 1.0 ml ice-cold 
sample buffer (20 mM Tris pH 7.5, 0.33 M sucrose, 2mM EDTA, 
0.5mM EGTA and 2mM phenylmethylsulphony! fluoride). 
Cytosol and particulate membrane fractions were prepared by 
centrifugation at 100,000 g for 60 min. Centrifuged membrane pel- 
lets were homogenized with a glass rod in 1% NP40 sample buffer, 
gently rotated for 30 min at 4°C, and centrifuged at 12,000 r.p.m. 
for 15 min. Approximately 500 pl was passed through a 1-ml DE52 
column equilibrated with sample buffer minus sucrose. Columns 
were washed with 15 ml sample buffer, 0.5 ml of 0.08 M NaCl, and 
an additional 1.5 ml of 0.08 M NaCl eluate was collected; all the 
PK-C activity was found in this fraction''. Aliquots (50 pl) were 
assayed for PK-C activity as described elsewhere!" with 1 mM 
CaCl,, 10 mM magnesium acetate, 100 uM [у-°?РЈАТР (60 c.p.m. 
pmol^!), 50 њр НІ histone, with or without 5 ug phosphatidylserine 
and 1 pg diolein. Data are expressed as PK-C-specific activity 
(pmol per min per mg) attributed to activity stimulated by phos- 
pholipid. 


and toxins, appears to generate transmembrane control of cel- 
lular functions". Phosphatidylinositol (PI) turnover, specifi- 
cally, has been shown to activate a novel protein kinase (PK-C) 
by the generation of a transient metabolite of PI degradation, 
diacylglycerol'*?. The activation of PK-C seems to play a 
crucial part in the signal transduction elicited by extracellular 
messengers”. Although PK-C is normally found in а func- 
tionally inactive form in the cytosol of a variety of resting cell 
types, phorbol esters have been shown to stimulate a rapid 
protracted association of PK-C with plasma membrane, 
whereupon the lipid-rich environment plus Ca?* serve as cofac- 
tors for the activation of enzymatic kinase activity! ". The 
process of phorbol ester activation of PK-C activity is believed 
to be independent of phosphatidylinositol hydrolysis and diacyl- 
glycerol formation. Phorbol esters apparently displace the 
physiochemical association between diacylglycerol and PK-C 
and, as a result, activate PK-C in the absence of phosphoinosi- · 
tides?! Interleukin-2, however, probably acts through a phos- 
phatidylinositol hydrolysis-dependent process, as indicated by. 
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Fig. 2 Dose-response of IL-2-stimulated PK-C membrane associ- 
ation and cellular proliferation. CT6 cells were washed and pre- 
pared as described in Fig. 1 legend, then the indicated doses of 
‚ recombinant IL-2 (rIL-2) were added and the cells were incubated 
for 10 min, followed by washing and lysis. Aliquots of the cell 
suspensions were taken and proliferation was measured in a stan- 
dard IL-2 bioassay”. Proliferation data are expressed as the mean 
c.p.m. of triplicate cultures seeded with 1 x 10* cells per microcul- 
ture (А); PK-C activity in membrane (6) and cytosol (О) was 
determined as described in Fig. 1 legend and elsewhere!!. 


the transient nature of the PK-C membrane association (Fig. 1). 
Preliminary experiments using isolated plasma membranes from 
... IL-2-dependent cell lines have demonstrated that the principle 
“metabolites formed on in vitro IL-2 stimulation of the isolated 
membranes were the PI metabolites phosphatidylinositol 4'- 
monophosphate and phosphatidylinositol 4', 5'-bisphosphate 
(data not shown). However, diacylglycerol, a neutral lipid, could 
„пої be recolved by the single-dimension TLC analysis employed. 
Even though diacylglycerol is generated by PI hydrolysis, it is 
rapidly converted to phosphatidic acid and arachidonic acid, 
which may therefore explain the membrane association/dissoci- 
ation kinetics observed with IL-2. Phorbol esters, on the other 
hand, are not readily degraded enzymatically and therefore 
substitute for diacylglycerol for a more protracted period". 
Recent studies have shown that an initial event induced by 
-growth stimulators is enhanced phosphorylation of specific 
membrane ргоѓеіпѕ2?'2* The products of several different viral 
transforming genes have also been demonstrated to be protein 
kinases”**° and association with the plasma membrane seems 
to be required for in vivo tumour formation?^??. In addition, 
the Rous sarcoma virus transforming gene product, pp60"*, 
and the UR2 transforming protein of avian sarcoma virus have 
been shown to have lipid kinase activity which phosphorylates 
PI and diacylglycerol, suggesting a mechanism for transforma- 
“tion involving the initiation of PI turnover which, in turn, can 
activate several protein kinase activities including PK-C???!. 
Our studies suggest that IL-2 activates a protein phosphorylation 
system, PK-C, which is also associated with the biological 
activity of tumour promoters and certain oncogenes- 5292! 
The data are consistent with the notion that oncogenes may 
mimic or interact at different discrete events in phosphorylating 
systems that are normally stimulated by ligand-receptor interac- 
tions, and thereby initiate a cascading series of events associated 
with cellular proliferation. The finding that IL-2 initiates PK-C 
activation defines an event necessary for the growth of lymphoid 
cells, and allows the development of a model for the mechanism 
of action of as yet undefined oncogenic elements that may be 
involved in leukaemogenesis. 
We thank Mr Harold Stull for technical assistance and Drs 
J. J. Oppenheim, R. B. Herberman and F. Ruscetti for helpful 
E: ggestions in the preparation of this manuscript. 
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Interleukin-3 (IL-3) is a member of a family of growth and 
differentiation peptides, collectively referred to as colony-stimu- 
lating factors, which regulate haematopoiesis'*. IL-3 has been | 
highly purified from medium conditioned by WEHI-3B cells, and 
recently the molecular cloning of complementary DNA for murine 
IL-3 has been reported**. IL-3 seems to stimulate a wide range 
of colony-forming cells derived from murine bone marrow and has 
consequently been studied under a variety of names, including 
burst-promoting activity, mast cell growth factor’, P-cell stimulat- 
ing factor" and multi-colony-stimulating factor^?. Here we present 
evidence that IL-3-receptor interaction stimulates the rapid and 
transient redistribution 6f protein kinase C (PK-C) from cytosol 
to plasma membrane in FDC-P1 cells. Phorbol myristate acetate 
(PMA) is shown to have a similar effect in these IL-3-dependent 
FDC-P1 cells. Our data suggest that IL-3.and phorbol esters share 
a common feature of transmembrane signalling crucial for growth 
and differentiation. 

FDC-P1 cells were established originally as a cell line depen- 
dent for its sustained growth and viability on conditioned media 
derived from WEHI-3 cells'?. Ihle and colleagues established 
that IL-3 is the principal factor within WEHI-3 conditioned 
media which is responsible for the growth promotion of FDC-P1 
cells''. In the present studies, FDC-P1 cells were washed free 
of support conditioned medium, rested for 2h in serum-free 
media and stimulated with 100 ng PMA per 107 cells. At various 
times after PMA addition, the cells were washed, lysed and the 
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Fig. 1 Time course of the effect of PMA treatment of FDC-P1 
cells on cytosolic (©) and particulate (A) protein kinase C. FDC-P1 
cells were grown in the presence of 10% FCS-RPMI 1640 and 
20% WEHI-3 conditioned medium as described elsewhere!!. The 
cells were washed extensively, reconstituted with serum-free 
RPMI-1640 at a density of 1 X 107 per experimental point, then 
incubated for 2 h in a 37 *C water bath in Eppendorff tubes before 
stimulation with 100 ng PMA. After addition of PMA, at the 
indicated time intervals, cells were collected and washed rapidly 
three times with RPMI 1640, 1 M sucrose and pelleted in a micro- 
fuge. The cellular pellet was lysed within 20s in 50 pl of double- 
distilled water by passage through a narrow-gauge needle and 
immediately reconstituted with 1.0 ml ice-cold buffer A (20 mM 
Tris-HCl pH 7.5, 0.5mM EGTA, 2mM EDTA, 2 mM phenyl- 
methylsulphonyl! fluoride). Lysates were centrifuged at 100,000g 
and cytosol and membrane particulate fractions obtained. Particu- 
late membrane fractions were solubilized with buffer A containing 
1% NP40 detergent and both cytosolic and solubilized membrane 
fractions were fractionated by DEAE-cellulose chromatography 
as described in detail elsewhere’*. Fractions eluting with 
0.08 M NaCl contained all the detectable PK-C activity'*. Aliquots 
(50 Ш) of DEAE-purified material were assayed for cytosolic and 
particulate Ca^", phospholipid-dependent PK-C activity in the 
presence of 10mM Mg acetate, 0.75 тм СасСі,, 100 „М [y- 
. "PJATP (60 с.р.т. pmol') and 25 ug of histone НІ, with or 
without 24 ug phosphatidylserine and 1.6 pg diolein'*. Protein 
kinase activity was determined by subtracting the amount of "P 
incorporation into histone noted in the absence of added phos- 
‚ pholipids, from the amount of 32р incorporation noted in the 
presence of phospholipids. Total protein kinase C activity is 
expressed as the pmol ^P incorporated per 3 min per total volume 
of each cytosolic and membrane preparation. 


Ca^, phospholipid-dependent PK-C activity which was 
‘measured in the cytosol and detergent-solubilized membrane 
: fractions was isolated. 

"Figure 1 shows a time-kinetic comparison of the total PK-C 
activity in cytosol and membrane fractions of FDC-P1 cells 
“treated with PMA. Within 1-2 min of PMA addition, cytosolic 
PK-C activity had begun to fall rapidly; it had fallen 10-fold 
within 20min of incubation in the presence of PMA and 
"remained depressed for the remainder of the time course. Con- 
comitant with the decrease in cytosolic PK-C activity, there was 
an equally rapid (1-2 min) increase in membrane-associated 
PK-C resulting in a 10-fold increase in total enzyme activity by 
10 min post-treatment. Examination of the total cellular enzyme 
activity (membrane + cytosol) revealed no changes in total PK-C 
activity with PMA stimulation (data not shown). Rather, the 
data suggested that PMA mediates a redistribution of PK-C 
“activity from cytosol to membrane. These findings are consistent 
` with previous studies demonstrating similar PK-C translocations 
from cytosol to plasma membrane in phorbol ester-treated 
inurine thymoma ELA cells, interleukin-2 (IL-2)-dependent CT6 
cells and parietal yolk sac cells (PYS)'^-. 
С FDC-P1 cells were washed free of support WEHI-3 condi- 
“tioned medium, incubated for 2 h at 37 °С in serum-free RPMI 
640, stimulated with 100 U of purified IL-3 (U = reciprocal 
lütion at half-maximal proliferation)* and the time course of 
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Fig.2 Time course of the effect of IL-3 treatment of FDC-P1 
cells on cytosolic and particulate protein kinase C. Washed FDC-P1 
cells were prepared as for Fig. 1. Following preincubation in 
serum-free medium, 10’ cells were stimulated with 100 U of 
homogeneous IL-3 prepared from WEHI-3 conditioned media‘. 
Other cells were incubated in the absence of IL-3 to serve as the 
control cell population. At the indicated time intervals, the cells 
were washed, lysed and centrifuged at 100,000g to prepared 
cytosolic (A, А) and membrane (О, @) fractions from control 
(closed symbols) and IL-3-treated (open symbols) cells, as 
described in Fig. 1 legend. Cytosol and NP40 detergent-solubilized 
particulate preparations were applied to and eluted from DE52- 
cellulose columns and protein kinase C activity was determined 
in the presence and absence of phospholipids as described for 
Fig. 1. 


cytosol- and membrane-associated PK-C activity was evaluated = 
(Fig. 2). Unstimulated FDC-P1 cells contained ~7,500 U PK-C 
cytosolic activity (1 О = 1 pmol ??Р incorporated in 3 min). 
Treatment with IL-3 resulted in a precipitous decrease in | 
cytosolic PK-C activity within 1-3 min (from 7,500 to 3,500 U), 
with a greater than threefold decrease within 20 min post-IL-3 
treatment. This IL-3-stimulated decline of cytosolic PK-C 
activity was transient, however, and was followed by a return 
to near control levels by 60 min post-stimulation. Control: 
cytosolic PK-C activity (no IL-3 added) did not change sig- 
nificantly (15%) during FDC-P1 cell incubation, and total 
control membrane-associated detergent-solubilized РК-С 
activity was considerably lower (100-200 U) than control PK-C . 
cytosolic activity (7,500 U). : 

Concomitant with the rapid loss of cytosol PK-C activity was 
an equally marked increase in membrane-associated activity, - 
resulting in a > 10-fold increase in membrane-associated activity 
within 10-20 min post-IL-3 treatment. Control (no IL-3 added) 
membrane PK-C activity did not change significantly during: 
cell incubation. The return (increase) of cytosolic PK-C activity 
20-60 min after IL-3 addition was associated with a correspond- 
ing decrease of membrane-associated activity. Total cellular 
(membrane + cytosol) PK-C activity did not change significantly 
during the exposure to IL-3, suggesting that the reciprocal 
kinetics of cytosolic and membrane-associated PK-C activity 
results from IL-3-mediated PK-C enzyme translocation between 
soluble and particulate fractions. 

Figure 3 depicts the dose-response curve noted for IL-3- 
stimulated DNA synthesis relative to the membrane-association 
kinetics of PK-C activity in FDC-PI cells. Incubation of FDC-P1 
cells for 15 min with increasing concentrations of IL-3 (to 500 U) 
caused a progressive, IL-3 dose-dependent decrease in cytosolic 
PK-C activity, while particulate PK-C activity increased. The. 
increase in detergent-solubilized PK-C activity in response to 
IL-3 was proportional to the dosage of IL-3 used to treat the. 
FDC-P1 cells. The proliferative dose-response of ҒОС-РІ cells 
to IL-3 paralleled the membrane-association kinetics of PK-C, 
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Fig. З Effect of treatment of FDC-P1 cells with increasing con- 
centrations of IL-3 on the subcellular redistribution of protein 
kinase C activity and on DNA synthesis. To determine the dose 
response of IL-3 on PK-C activity, FDC-P1 cells were incubated 
with the indicated dosages of purified IL-3 for 15 min. The cells 
were washed and cytosol (@) and particulate (A) membrane frac- 
tions prepared as for Fig. 1. Cytosolic and detergent-solubilized 
membrane preparations were separated by DEAE-cellulose 
chromatography to determine the total PK-C activity as described 
in Fig. 1 legend. Cellular proliferation (A) was determined by 
measuring the incorporation of 7H-thymidine (TdR) as described 
elsewhere'', Cellular proliferation is expressed as the mean c.p.m. 
of triplicate cultures of 3 x 10* cells per culture. 





and the IL-3 ЕРЮ, for both the increase in membrane-associated 
_PK-C activity and FDC-P1 DNA synthesis was within the same 
dose range (200-250 U). These results suggest a quantitative 
. relationship between PK-C membrane association and the pro- 
liferative response of FDC-P1 cells to IL-3. 

The data presented here demonstrate that a haematopoietic 
growth factor, IL-3, stimulates a rapid and transient increase in 
the redistribution of PK-C activity from cytosol to the membrane 

(Fig. 2). IL-3 probably acts through a phosphoinositide hydroly- 
sis-dependent mechanism involving the generation of diacylgly- 
‘cerol, as indicated by the transient nature of the membrane 
association. Phorbol esters, however, are not readily degraded 
“enzymatically and may, therefore, become associated with the 
enzyme in place of the apparent physiological regulator for a 
protracted period, which would allow a more prolonged associ- 
ation of PK-C with the membrane and override other regulatory 
capabilities of the cell (such as the rapid metabolism of 
diacylglycerol) (Fig. 1)!®!7. 
<> [n related studies, IL-2, a lymphocytotropic growth factor, 
also stimulates transient PK-C subcellular redistribution". The 
similarity of the IL-2-induced PK-C activation process and IL-3 
suggests that growth or progression peptides share common 
features of transmembrane biochemical signals involved in 
growth promotion. Interestingly the viral transforming gene 
products src and ros have recently been demonstrated to possess 
‘lipid kinase activity!*'?. This would presumably result both in 
‘the activation (and membrane association) of PK-C in response 
to increased diacylglycerol levels and to increased intracellular 
Са? levels in response to the polyphosphoinositides!^^?. Taken 
together, thé. data are consistent with the hypothesis that 
oncogenic elements mimic certain ligand-receptor interactions, 
thereby initiating a series of transmembrane phosphorylation 
events. which are normally triggered by extracellular growth 
jeptides ^ 7! 
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Fischer rat 3T3 (FR3T3) fibroblasts transfected with a cellular 
myc gene' can be induced to grow and form colonies in soft agar 
by treatment either with epidermal growth factor (EGF) alone or. 
with the combination of platelet-derived growth factor (PDGF) 
and type-B. transforming growth factor (TGF-B)'. We now show 
that induction of anchorage-independent growth by each of these — 
sets of growth factors involves different cellular pathways which : 
can be distinguished by their sensitivity to retinoic acid. Colony : 
formation induced by the combined action of PDGF and ТСЕ-В 
is 100-fold more sensitive to inhibition by retinoic acid than is 
colony formation induced by treatment of the myc-transfected 
cells with EGF. Moreover, retinoic acid (10^? M) is inhibitory for: 
colony growth whenever TGF-£ is present, regardless of whether 
the effects of TGF-B are stimulatory, as occurs in the presence 
of PDGF, or inhibitory, as found in the presence of EGF’. 

The cellular mechanisms of induction of anchorage-indepen- 
dent growth by peptide growth factors such as РОСЕ?°, TGF- 
B** and the TGF-a Тапу? !* (which includes EGF) are poorly: 
understood. These three distinct families of growth factors? 
share the ability to induce phenotypic transformation of non- 
neoplastic fibroblasts, as measured by growth in soft agar!^'!*. 
The increased secretion of TGF-a??*, PDGF"! and TGF-g?? 
which accompanies virus transformation of cells provides fur- 
ther evidence for the ro:e of these peptides in expression of the 
transformed phenotype. It has recently become apparent that 
the product of the myc gene, acting in the nucleus, is involved 


in the pathway by which a mitogenic stimulus is generated by 


a growth factor acting on its receptor”. For example, treat- 
ment of quiescent fibroblasts with PDGF, which induces a state | 
competent for replication”’, results in transient expression of 

the myc gene??, Consistent with this observation, BALB/c 3T3 
cells transfected with mye partially lose their requirement for 
PDGF"'. Thus, whereas control cells require both PDGF and. 
EGF for growth in monolayer culture in plasma”, myc-trans- 
fected cells can grow in plasma in the presence of ЕСЕ alone’ 
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Fig. 1 Retinoic acid increases the number of cell-surface EGF 
receptors on Myc-1 cells. a, Binding of '*°I-labelled EGF (150 pCi 
ug ') to Мус-1 cells grown either in the absence of added retinoic 
acid (@) or in the presence of 107* M (01), 107 M (A) or 10°°M 
(O) retinoic acid. b, Scatchard plot of the data in a. 

Methods. The Myc-1 cell line was derived from FR3T3 fibroblasts 
by co-transfection of a neomycin-selectable marker gene and a 
construct in which exons 2 and 3 of a cellular myc gene derived 
‘from a mouse plasmacytoma were put under control of the SV40 
early promoter (plasmid pSVe-myc-1)'. Cells were seeded in 1 ml 
of Dulbecco's modified Eagle's medium containing 5% calf serum 
at a density of 1x 10* cells per 16-mm multiwell dish. Retinoic 
acid (in 20 pl of a 2% solution of dimethyl sulphoxide in medium) 
was added 4 h after seeding and the incubation was continued for 
60 h before the binding assay”. Binding of ?^Llabelled EGF was 
measured at room temperature in the absence of retinoic acid. 
Nonspecific binding, measured in the presence of unlabelled EGF 
at a concentration of 1 ug ml^', was subtracted from all values. 
Results are the average of triplicate determinations. 































































Transfected NIH 3T3 or Rat-2 cells expressing an activated 
‚ тус gene are tumorigenic and have an increased, though low 
(1%), cloning efficiency in soft agar compared with control 
cells. We have shown that FR3T3 cells transfected with exons 
‘Zand 3 of a cellular myc gene under control of the simian virus 
‚40 (SV40) early promoter! (Myc-1 cells) do not grow in soft 
agar, but can be induced to form colonies by the addition of 
growth factors; control cells transfected with the neomycin 
marker alone cannot form colonies. Myc-1 cells require only 
< EGF to form colonies’, and PDGF has little additional effect 
ón cell growth in the presence of optimal concentratiohs of 
ЕСЕ. In contrast, PDGF is essential for anchorage-independent 
growth of Myc-1 cells in the presence of ТОЕ-8°. This suggests 
that one function of PDGF may be to induce expression of 
other genes? in addition to myc which are required in the 
“signalling pathways of TGF-:f. 

To probe for possible mechanistic differences in the action 
of EGF and TGF- on anchorage-independent growth of Myc-1 
cells, we investigated the effects of retinoic acid on the growth 
:factor-dependent colony formation of the cells. Retinoic acid is 
known to inhibit colony growth of certain tumour cells and in 
vitro transformation of fibroblasts (reviewed in ref. 34). Previous 
studies suggest that retinoic acid?" and TGF-B** may share 
common mechanistic elements, since they both increase the 
number of EGF receptors of normal rat kidney (NRK) cells. 
In the present study, retinoic acid treatment (60h) of Myc-1 
cells similarly resulted in a dose-dependent increase in the 
number of cellular EGF receptors, 10 * M, 107° M and 10°°M 
retinoic acid producing a respective two-, four- and seven-fold 
increase in the number of EGF receptors (Fig. 1a,b), with no 
apparent effect on receptor affinity. However, in contrast to the 
stimulatory effects of this increased number of EGF receptors 
on soft agar growth of NRK cells", treatment of Myc-1 cells 
with retinoic acid (107% M) had little effect on the dose-depen- 
dent induction of. anchorage-independent growth by EGF 
(Fig. 2a). Concentrations of retinoic acid 10 ^ M inhibited 
EGF-induced colony formation; 107’ and 107° M retinoic acid 
produced 50 and 85% inhibition, respectively (Fig. 2c). Retinoic 
acid treatment of control FR3T3 cells transfected with the 
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Fig. 2 Selective inhibition by retinoic acid of the anchorage- 
independent growth of Myc-1 fibroblasts in the presence of PDGF 
and ТСЕ-В. a, Colony growth assayed in the presence of EGF 
alone. b, Colony growth assayed in the presence of 150 pM PDGF 
and the concentration of TGF-8 indicated. c, Colony growth 
assayed in the presence of 42 pM EGF alone (A) or the combina- 
tion of 150 pM PDGF and 100 pM TGF- (©) and varying con- 
centrations of retinoic acid. Myc-1 cells were assayed for the 
formation of colonies of >62 um diameter after 7 days’ incubation 
in soft agar in Dulbecco's modified Eagle's medium, 10% calf 
serum as described previously". Purified murine EGF, human 
PDGF or human platelet TGF-8" were added at the time of the 
assay? in the presence (8) or absence (О) of 1075 M retinoic acid. 


neomycin marker resulted in an increase in EGF binding similar 
to that observed in Myc-1 cells; however, the increased binding 
did not alter the inability of these cells to grow in soft agar 
either in the presence or absence of added growth factors (not 
shown). This suggests that these effects of retinoic acid on 
increasing the number of EGF receptors of transfected FR3T3 
cell lines are unrelated to its effects on EGF-dependent colony 
growth of the cells in soft agar. ui 

Remarkably, colony formation stimulated by treatment of. 
Myc-1 cells with PDGF and TGF-g is —100-fold more sensitive 
to inhibition by retinoic acid than is the EGF-dependent colony. 
formation (Fig. 2c). Thus retinoic acid (107 * M) is a potent. 
inhibitor of colony formation stimulated by treatment of the. 
cells with PDGF and TGF-f (Fig. 26). The inhibition could 
not be overcome by increasing the TGF-f concentration as high 
as 100 pM (Fig. 25), and concentrations of retinoic acid as low 
as 107° М still inhibited colony formation by >90% (Fig. 2c). 
Retinoic acid had little or no effect on either the number or 
affinity of cellular TGF-8 receptors (not shown). 

To study separately the effects of retinoic acid on the action 
of either PDGF or TGF-B on Myc-1 cells, we examined the 
effects of 107° M retinoic acid on colony growth in the presence 
of EGF with additions of either PDGF or TGF-B (Fig. За, b). 
PDGF slightly potentiated the action of suboptimal levels of 
EGF on colony formation (Fig. 3a), whereas we had shown: 
previously that TGF-5 partially inhibits the effect of EGF on 
growth in soft agar (ref. 2 and Fig. 35). Retinoic acid had either 
no effect or slightly stimulated the colony growth induced by 
PDGF in the presence of 42 pM EGF (Fig. За). Howevet,: 
retinoic acid synergized with TGF-B to abolish the colony. 
formation induced by treatment of Myc-1 cells with 420 pM 
EGF (Fig. 3b). Thus, in the absence of retinoic acid, TGF-8 
(10-100 pM) inhibits EGF-dependent colony formation to а: 
maximum of 60% (ref. 2 and Fig 35), but when Myc-1 cells are 
treated with 107* М retinoic acid, which by itself has no effect 
on EGF-dependent colony formation (Fig. 2a), concentrations 
of TGF-B >~10pM result in nearly total inhibition of the 
colony-forming response (Fig. 3b). 

The discriminating action of low concentrations of retinoic 
acid on growth factor-dependent colony formation by Myc-1 
cells was.observed only іп conditions of anchorage-independent | 
growth. Growth of the cells in monolayer culture was con- 
sistently inhibited by TGF-f and either unaffected or stimulated 
by retinoic acid (1077 M), regardless of the particular combina- 
tion of growth factors added (Table 1). Thus, the selective action: 
of retinoic acid cannot be related mechanistically to the growth 
of cells per se, but rather, specifically to its effects on process 
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Fig. 3 Inhibition by retinoic acid is dependent on the presence 


of TGF-B. a, Myc-1 cells assayed in the presence of 42 pM EGF 
‘and increasing concentrations of PDGF. b, Colony growth assayed 
in the presence of 420 pM EGF and increasing concentrations of 
СТОЕВ. Myc-1 cells were assayed for colony formation in soft agar 

“in. the presence () or absence (©) of 107* М retinoic acid as 
described in Fig. 2 legend. 


_ Table 1 Effects of retinoic acid on growth of Myc-1 cells in monolayer 


culture 





No. of cells per dish (x10^^) 
—Retinoic acid +Retinoic acid 


Additions (10°? M) 
None 6.6 6.5 
EGF (800 pM) 10 13 
PDGF (200 pM) 15 19 
oo TGF-B (4 pM) 1.2 1.6 
EGE +TGF-8 2.2 48 
PDGF+ TGF-8 7 13 


Cells were seeded into 16-mm multiwell dishes at a density of 1 x 10° 


= cells per well in tmi of Dulbecco's modified Eagle's medium containing 
2% calf serum. Retinoic acid, in 20 pl 2% dimethy! sulphoxide in 


“medium, and growth factors, in 10-20 ul 4 mM НСІ, were added 16h 


"after seeding. Cell counts were determined in triplicate in a Coulter 


counter 4 days after seeding. 


correlated with transformation of cells, namely anchorage 


іпдерепаепсе?”. 
. Although PDGF, ЕСЕ and TGF-a have a consistent stimula- 


‘tory effect on the growth of cells in both anchorage-dependent 
апа independent conditions, the actions of TGF-f on cells are 


known to be bifunctional^^?. For example, we have shown here 


“that TGF-8 stimulates the anchorage-independent growth of 


.Myc-1 cells in the presence of PDGF (Fig. 2b), but inhibits both 
{Ве anchorage-dependent growth of the cells in the presence of 


| ;PDGF ог EGF (Table 1) and colony formation in the presence 
_ of EGF (Fig. 3b). Recently, TGF-8 has been shown to be similar, 
"or possibly identical, to a growth inhibitor isolated from African 


green monkey kidney cells*', The results presented here—that 
retinoic acid can selectively modulate the effects of TGF-B on 


x, myc-transfected cells—emphasize the distinctive mode of action 
-of this growth factor and suggest that mitogenic effects of TGF-B 
_ on growth of cells in soft agar use different intracellular signall- 
* ing pathways from those involved in transduction of mitogenic 


;stimuli from either PDGF or EGF and their receptors. Most 


significantly, these results suggest that retinoic acid can be used 
to discriminate between different mechanisms of cellular trans- 


“formation and between different pathways of growth factor 


, action on cells. 
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Polyoma middle-T antigen is required for viral transformation of .. 
cultured cells and for tumorigenesis in animals. Like many other 
transforming gene products, middle-T is bound to the membrane 
and has an associated tyrosine kinase activity in vitro'7. This < 
activity seems to result from the interaction of middle-T with : 
ррб0“**, the cellular homologue of the transforming gene product 
of the Rous sarcoma virus, pp60'^'* (refs 3-5). Both pp60'*'* (ref. 
6) and another retrovirus transforming gene product, pp68"" (ref. 
7) were shown recently to have an associated phosphatidylinositol 
(РІ) kinase activity in vitro and to increase PI turnover in vivo. 
These results suggest that viral transformation may be directly 
connected to a complex network of second messengers generated 
from PI turnover^-'*; Here, we assayed for РІ kinase activity in 
immunoprecipitates made with middle-T- or pp60*^'*-specific anti- 
sera of cells infected with polyoma virus. A PI kinase activity was 
detected in those immunoprecipitates which contained middle-T. 
Studies of mutants of middle-T defective in transformation indicate 
a close correlation between PI kinase activity and transformation. 









Immunoprecipitates of polyoma middle-T from infected 3T3 
cells catalyse phosphorylation of PI. Figure 1a shows the relative 
PI phosphorylating ability of immunoprecipitates obtained on 
treatment of mock-infected or polyoma-infected cells with poly- 
oma-specific serum or preimmune serum. Immunoprecipitates 
made from polyoma-infected 3T3 cells with anti-polyoma serum 
(Fig. 1a, lane 4) produced 20-fold more phosphatidylinositol 
diphosphate (DPI) after a 20-min incubation than did 
immunoprecipitates made from mock-infected cells (lane 3). No 
increase in PI phosphorylation above background levels was 
seen when immunoprecipitates were made with preimmune 
serum (Fig. 1a, lanes 1, 2). Quarititation of the PI phosphoryla- 
tion in 10 separate experiments gave 10-50-fold enhancement 


: for middle-T immunoprecipitates over controls. Similar results 


were observed when polyoma-infected 3T6 cells, 293 cells infec- 
ted with an adenovirus expressing the middle-T gene, and a 
polyoma middle-T transformed cell line (py14-2)'? were com- 
pared with respective parent line or mock-infected controls (data 


. not presented). 


If the observed РІ kinase activity is linked to the transforma- 
tion activity of middle-T, virus mutations reducing transforming 
activity should reduce or eliminate the observed PI kinase 
activity of infected cell immunoprecipitates. Polyoma middle-T 
mutants defective in transformation fall into two categories: 
mutations that abolish transformation totally, like py1387T and 
NG59, and mutations that reduce but do not eliminate trans- 
forming activity, such as py1178T. py1387T contains a nonsense 
inutation which eliminates the last 37 amino acids at the C- 
terminus of middle-T, rendering it completely defective for 
transformation, membrane association and tyrosine kinase 
activity. Small-T is unaltered and large-T contains a single 
amino-acid substitution but is unaffected in its function”®. Figure 
15 shows the effect of this mutation on viral stimulation of 
immunoprecipitated PI kinase activity. Immunoprecipitates 


. from cells infected with py1387T (Fig. 1b, lane 2) showed no 


increase in PI kinase activity over mock-infected control (lane 
a). Parallel infections and immunoprecipitations from ?'S. 
methionine-labelled cells indicated that py1387T-infected cells 


- contain similar levels of large- T, middle-T and small-T to those 


seen in wild-type polyoma-infected cells (not shown). As judged 
by ^H-thymidine uptake, py1387T and wild-type polyoma infec- 
tion caused similar stimulation of DNA synthesis (data not 


: shown). These results suggest that the PI kinase activity associ- 


ated with polyoma immunoprecipitates may be linked to the 
transforming function of the virus and is not a consequence of 
cell stimulation by viral infection. 

Experiments with the transformation-defective mutant NG59 


| indicate that the РІ kinase activity associated with wild-type 


middle-T immunoprecipitates is not a consequence of membrane 
contaminants nonspecifically co-precipitated with membrane- 
bound middle-T. Like py1387T, NG59 is totally transformation 


: defective, but unlike py1387T, the middle-T protein of NG59 


associates with the membrane”'. The mutation is a replacement 
of an aspartic acid residue at position 179 by isoleucine- 
asparagine. No PI kinase activity above background was detec- 
ted using immunoprecipitates from cells infected with this virus 
(Table 1), even though "S-methionine labelling indicated that 
normal levels of mutant middle-T were present in the 
immunoprecipitates (not shown). Therefore, the PI kinase 
activity associated with middle-T is not merely a consequence 
of middle-T membrane association. | 

Unlike middle-T antigens produced by NG59 and py1387T 
mutants, which are totally inactive in transformation and in the 
standard middle-T tyrosine kinase assay in vitro, the middle-T 
product of the py1178T mutant virus (in which a Phe is sub- 
stituted for Tyr 315) retains some associated tyrosine kinase 
activity and is partially defective in transformation?^?, If PI 
kinase activity plays an important part in transformation, then 
immunoprecipitates of middle-T prepared from cells infected 
with this virus should be less active in РЇ phosphorylation than 
wild-type immunoprecipitates; this was observed (Fig. 2a). 


Although ру1178Т immunoprecipitates contained some РЇ 








Fig. 1 Phosphorylation of phosphatidylinositol by polyoma 
immunoprecipitates. a, Autoradiograph of a TLC separation of 
the reaction products from PI kinase assays performed on 
immunoprecipitates. Lane 1, mock-infected NIH 3T3 cells precipi- 
tated with preimmune serum; lane 2, wild-type polyoma-infected 
cells precipitated with preimmune serum; lane 3, mock-infected 
cells precipitated with anti-polyoma serum; lane 4, wild-type poly- 
oma-infected cells precipitated with anti-polyotna serum. b, Rela- 
tive PI kinase activity of immunoprecipitates from transformation- 
defective versus wild-type viral infections. Immunoprecipitates 
using anti-polyoma serum were made and phosphorylation assays 
carried out as described below. Lane 1, immunoprecipitate from 
mock-infected cells; lane 2, immunoprecipitate made from cells 
infected with the transformation-defective mutant 1387; lane 3, 
immunoprecipitate from wild-type-infected cells. The position of 
migration of DPI is indicated. Spots present in all lanes near the 
top óf the TLC are ATP contaminants which vary with the ATP 
shipment used, and do not depend on addition of either protein 
or phospholipid to the reaction mix. An additional spot appearing 
in a, lane 4, co-migrates with phosphatidic acid and seems to be 
due to the presence of a small amount of diacylglycerol in the 
added phosphatidylinositol. 

Methods. NIH 3T3 cells, 24h post-infection, were washed with 
cold phosphate-buffered saline, rinsed with 137 mM NaCl, 20 mM 
Tris pH8,1mM MgCl, 1mM CaCl, (buffer A), and lysed in 
buffer A containing 10% glycerol, 1% NP40, and 1 mM phenyl- 
methylsulphonyl fluoride at 4°C for 20 min. Insoluble material 
was removed by centrifugation at 4°C for 10 min at 10,000g. The 
supernatants were incubated with 2 pl of rabbit anti-T serum (D. 
C. Pallas, M. E. Mahoney, D.R.K. and T.M.R., unpublished) or 
preimmune serum for 15 min at 25 °С. Sepharose Cl4B-protein A 
(Sigma) was added, and incubation continued for an additional 
15 min. The immunoprecipitates were collected and washed once 
with cold phosphate-buffered saline, twice with 0.5 M ИСІ, 0.1 M 
Tris pH 7.4, and finally with 10 mM Tris, 100 mM NaCl, 1 mM 
EDTA. Immunoprecipitates were then assayed for phosphatidyl- 
inositol phosphorylation activity: 1 mg ml”! PI (Avanti) was dis- 
persed by sonication for 15 min in 5 mM HEPES; the dispersed 
PI was preincubated at 4 °C with the immunoprecipitate for 20 min 
at a final concentration of 0.2 mg PI ml^'. After preincubation, the 
phosphorylation reaction was started by addition of 20 pCi 
[y- P]ATP and MgCl, to final concentrations of 50 „М ATP and 
5mM MgCl, in a volume of 50 yl. The reaction mixture was 
incubated for 20 min at 25 °C and terminated by addition of 100 pl 
of 1 M HCL. (Less than 10% of the ATP was consumed during the 
incubation as judged by chromatography on polyethyleneimine- 
impregnated cellulose in 2 M formate pH 3.5.) Phospholipids were 
then immediately extracted with 200 ul of CHCl/MeOH (1:1). 
The organic phase was washed once with 8041 of MeOH/HCI 
(1:1) and spotted onto a silica gel 60 TLC plate (Merck) pretreated 
with 196 potassium oxalate. Phosphorylated products were separ- 
ated by TLC in a СНСІ,/ MeOH/4 M NH,OH (9:7:2) developing 
solvent for 1h and visualized by autoradiography. Unlabelled 
phospholipid standards were included and were visualized by 
exposure to iodine vapour. Identity of products was also confirmed 
by two-dimensional chromatography with cold standards; after 
chromatography in the first dimension in the system described 
above, plates were developed in the second dimension in 

СНСі,/ MeOH/CH,COOH/H5O (50:39:1:10) (not shown). 
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Fig. 2 Comparison of PI kinase activity and middle-T protein in 
immunoprecipitates from cells infected with wild-type and 
pyli78T mutant of polyoma. NIH 3T3 cells were infected and 
immunoprecipitations and kinase reactions were performed as in 
Fig. 1 legend. The cells were labelled with 100 Ci mI^! 
"S.methionine for 3h before the immunoprecipitation. 
a, Autoradiogram for the PI kinase assay. Lane 1, mock-infected 
cells precipitated with anti-T serum; lane 2, py1178T-infected cells 
precipitated with anti-T serum; lane 3, cells infected with wild-type 
virus at 1/10th the py1178T virus multiplicity of infection; lane 4, 
cells infected with wild-type virus at the same multiplicity of 
infection as ру1178Т. b, Autoradiograph of *°S-methionine- 
labelled proteins in the immunoprecipitates separated by SDS- 
polyacrylamide gel electrophoresis (10% acrylamide, procedure 
of Laemmli??). The order of lanes is the same as in a. 


kinase activity above background, this activity was reduced 
5-10-fold relative to wild-type immunoprecipitates when infec- 
ted cells were making comparable levels of middle- T, measured 
by incorporation of “*S-methionine (Fig. 2b). 

Cellular src (pp607?'*) is associated with polyoma middle-T 
in immunoprecipitates from infected cells, suggesting that 
tyrosine phosphorylation of middle-T is catalysed by pp607*'* 
(ref. 3). Immunoprecipitates of pp60°* were prepared from 
normal or polyoma-infected NIH 3T3 cells using the anti- 
pp60^* monoclonal antibody GD11 (ref. 34) The 
immunoprecipitates from polyoma-infected cells (Fig. 3, lanes 
11,.12).contained a PI kinase activity ~10-fold above controls 
(Fig. 3, lanes 5,6). However, immunoprecipitates of pp60°°" 
from uninfected cells (Fig. 3, lanes 7, 8) or cells infected with 
Dy1387T (not shown) showed no detectable increase in PI kinase 
activity above controls. In five separate experiments, the pp60^*'* 
immunoprecipitates from polyoma-infected cells showed a 5-20- 
fold stimulation in PI kinase activity compared with uninfected 
‘controls. There was no significant difference in the amounts of 


-pp60°°" in immunoprecipitates from polyoma-infected cells and 
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Fig. 3 РІ kinase activity of immunoprecipitates made with anti- 
pp60*?* monoclonal antibody. Viral infections апа 
immunoprecipitations were performed as described in Fig. 1: 
legend, except that supernatants were incubated with 3 wl of the 
anti-pp60^* monoclonal antibody, GD11 (ref. 34), or an equal: 
volume of rabbit preimmune serum for 30 min at 4°C. PI kinase. 
assays and product separations were performed as in Fig. 1. Lanes | 
1-6 are immunoprecipitates with control serum and lanes 7-12 are. 
immunoprecipitates with GD11. Lanes 1,2, 7 and 8 are from unin- 
fected 3T3 cells; lanes 3, 4, 9 and 10 are from 3T3 cells infected 
with 1 plaque-forming unit per cell of wild-type polyoma virus; 
lanes 5, 6, 11 and 12 are from 3T3 cells infected with 10 plaque- 
forming units per cell of wild-type polyoma virus. 
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Table 1 Relative transformation abilities and PI kinase activities. 
associated with middle-T mutants : 
Transformation Association 
Polyoma PI kinase competence with pp60^*r* 
mutant activity (ref.) (ref.) 
RA (wild type) 100 ++(29) +(3, 4, 24) 
Mock infected 7 — — 
py1387T 8 —(20) *-—/-(31) 
NGS9 10 ~(25) ~(32) 
di45 165 ++(30) +(24, 31) 
py1178T 23 t/-(22,23) +(31) 





3T3 cells were either mock infected or infected with different polyoma 
mutants. Immunoprecipitations and kinase assays were carried out as 
described in Fig. 1 legend. For quantitation of PI kinase activity, the 
radioactive spot corresponding to DPI was cut out, and the silica gel 
was scraped into a scintillation vial and counted by liquid scintillation: 
spectrometry. PI kinase activities are expressed as % of wild-type activity 
in immunoprecipitates where comparable amounts of the mutant 
middle-T protein to wild-type middle-T protein were present as judged 
by *°S-methionine label. The values presented are the average of at least 
three separate experiments, except for d145, where the results of a single 
experiment are presented. References for the ability of the mutants to. 
cause transformation and to associate with pp60°* are given in paren- ` 
theses. 


uninfected cells, in agreement with results of Bolen et al.”*. Thus, 
middle-T increases the PI kinase activity of pp609* . 
immunoprecipitates without increasing the amount of pp60^^'*.- 

Anti-T immunoprecipitates from cells infected with wild-type” 
polyoma virus have at least 20-fold higher PI kinase activity 
than those from uninfected cells. This activity is correlated with 
the transforming ability of the virus. Non-transforming mutants 
NG59 (ref. 25) and py1387T (ref. 20) do not cause such ап 
increase. As py1387T encodes normal large-T and small-T anti- 
gens, middle-T must be responsible for the associated PI kinase 
activity. py1178T has an intermediate phenotype. Its ability to’ 
transform F111 cells is severely impaired”, but DNA containing 
the mutant sequence transforms Rat 1 cells normally. Its PI 
kinase activity, like its transforming ability, is intermediate 
between those of wild-type and NG59 or py1387T. Like the 
pp60"*"", some DPI kinase activity and diacyglycerol kinase 
activity is also associated with the middle-T immunoprecipitates, ~ 
but these activities are at least fivefold lower than the PI kinase 
activity when compared at identical substrate and protein con- 
centration (data not presented). 
































































Parallel results were observed when the PI kinase experiments 
were carried out using anti-pp60°°° instead of anti-T serum. 
Background PI kinase activity made it difficult to decide whether 
pp60°* from uninfected cells has PI kinase activity. Although 
the simplest model suggests that pp607*'* has a PI kinase activity 
which is activated by association with middle-T, the possibility 
that middle-T or an uncharacterized cellular protein associated 
with middle-T catalyses the PI phosphorylation cannot be 
excluded. Bolen et а12* have shown recently that pp60^*'* 
immunoprecipitates have enhanced tyrosine kinase activity 
towards casein. Like pp60"'* (ref. 6) and pp68" ^* (ref. 7), the 
middle-T/pp60**'* complex may have broad specificity towards 
protein and lipid substrates. In our hands, the rate of phosphory- 
lation of PI and the model substrate enolase are comparable, 
giving no clue to the relative importance of the two phosphoryla- 
tion reactions. 

The products of the phosphorylation reactions, phosphatidyl- 
inositol diphosphate and triphosphate, have themselves been 
implicated in the regulation of several membrane-bound en- 
zymes, including the Ca’*-ATPase’®"! and a nuclear membrane 
‘RNA-dependent ATPase implicated in RNA transport ^97", 
‘Because polyphosphoinositides are the preferred substrates for 
| phospholipase С?“ the increased PI kinase activity could raise 
cellular levels of the breakdown products diacylgycerol and 
nositol 1,4,5-trisphosphate; the latter compound regulates Ca** 
release from internal stores? and the former activates protein 
kinase C'^. Increased levels of these potential second messengers 
could provide the pleiotropic response expected for transforma- 
tion. Characterization of the effects of the middle-T antigen on 
in vivo PI metabolism will be required to confirm and define 
the physiological significance of this activity. 
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A group of membrane-associated guanine nucleotide binding pro- 
teins (G-proteins) are essential for transducing signals generated 
at cell-surface receptors into changes in cellular function and 
metabolism'. These proteins are a complex of three subunits 
designated a, В and у. The a-subunit is responsible for binding 
guanine nucleotides and seems to be characteristic of each protein. 
Transducin, a member of this protein family, mediates visual 
transduction by coupling the signal of photolysed rhodopsin with 
activation of a cyclic GMP phosphodiesterase". We have now 
cloned and sequenced the complementary DNA encoding the a- 
subunit of bovine retinal transducin and from this we have deduced 
the complete amino-acid sequence. The transducin a-subunit 
shares several homologous amino-acid sequences with ras gene 
products. The homologous segments correspond mostly to the 
regions thought to be involved in the guanine nucleotide binding 
and GTPase activity of ras proteins and to the ADP-ribosylation 
sites of the transducin a-subunit. 

A library of cDNA clones was prepared using poly(A)' RNA 
from bovine retina as template and the plasmid expression vector 
pUCS (refs 3, 4). Screening of the cDNA library with mono- 
clonal antibodies to the purified a-subunit of porcine retinal 
transducin yielded two immunologically positive clones from 
—8 x10* transformants. One of these clones, pTa 108, was found 
by nucleotide sequence analysis? to contain coding sequences 
for all six partial amino-acid sequences determined for the 
transducin a-subunit in the same reading frame (see below). 
To clone a longer cDNA sequence, we constructed another 
cDNA library derived from poly(A)” RNA from bovine retina, 
using the plasmid vector developed by Okayama and Berg’. 
Screening of this library’ with a probe derived from the 5'- 
terminal region of the cDNA insert of clone pTa 108 yielded 61 
hybridization-positive clones from —6x10^ transformants. 
From 36 randomly selected clones, we chose clone pTa@13 for 
further study. It contained the whole cDNA sequence carried 
by clone pTa108 apart from the 3-terminal 50-nucleotide 
sequence. The additional sequence in clone pTa 108 seems to 
have resulted from a possible error during the construction of 
the cDNA expression library or DNA replication because the 
sequence was not present in any of the three other clones tested 
derived from the Okayama- Berg library. 

Figure 1 shows the 2,446-nucleotide sequence (excluding the 
poly(dA) tract) of the cDNA encoding the a-subunit of bovine 
transducin, determined using clones pTa13 and pTa108. The 
reading frame corresponding to the six partial amino-acid 
sequences (amino acids 43-47, 83-96, 103-112, 139-157, 177- 
188 and 301-309) determined by peptide analysis (Fig. 3) was 
used to deduce the primary structure of the transducin a-subunit . 
(Fig. 1). The translation initiation site was assigned to the 
methionine codon at nucleotides 1-3 because this is the first- 
in-frame ATG triplet that occurs downstream of the nonsense 
codon TAG (nucleotide residues —81 to —79) and because th 


















Fig. 1 Nucleotide sequence of the 
cDNA for the bovine transducin a- 
subunit. Nucleotide residues are 
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-ACAGCCATTGGATTCCE: 
CTGGG6TCAGAAGGGTGTCCAGGGAGGCCAGAGGCTAGCCTGAGCCTGGCTCTGGGGARCCCCTCCATCCGGAAGAACCAACTCACBGCCCTCCTCCTTCACETCCTGCCAGGALE © 
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1 
H / ^di = Met Gly Ala Gly Ala Ser Ala Glu Glu Lys His Ser Arg Glu Leu Glu Lys Lys Leu Lys Glu Asp Ala Glu Lys Asp Ala Arg Thr Val: 
numbered in the 5' to 3’ direction, Ате Ga бст Gu GEC AGL GC! GAG GAG AAG CAC TEA AGE GAG СТО CAA AAG AG CTG ANA GAA CAF GET GAG AAA GAY Oe COR ACE ME 
beginning with the first residue of the 40 50 50 
ATG triplet encoding the initiatin Lys Leu Leu Leu Leu Gly Ala Gly Glu Ser Gly Lys Ser Thr 11е Val Lys &'n Met Lys Ile Ile His Gin Asp Gly Tyr Ser Leu Glu 
АТ чаре е gem B ААА CTG CTG СТТ CTG GGT GCC GGT GAA TCC GGG AAG AGT ACC ATT GTC ААС CAG ATG AAG ATT ATC CAC CAG GAC GGG TAC TCA CTG GAA 
«methionine, and the nucleotides on 70 a ad 
ће F side of residue 1 are indicated Glu Cys Leu Glu Phe ile Ala 11е Пе Tyr Gly Asn Thr Leu Gin Ser [le Leu Ala lle Val Arg Ala Met Thr Thr Leu Asn Ile Gin 
А - Mes iE As = MM p BLU ok D ace I AAG 
by negative numbers; the number of GAG ТӨТ СТТ GAG TTC ATT GCC ATC ATC TAT GOC ААС ACG CTA CAG TCC ATC CTG GCC ATT GTG CGC GCC ATG ACC АСА СТС AAC ATC a 
4 E А А 100 по 1 
the nucleotide residue at the right- Tyr Gly Asp Ser Ala Arg Gln Asp Asp Ala Arg Lys Leu Met His Met Ala Asp Thr 11е Glu Glu Gly Thr Met Pro Lys Glu Met Ser 
hand end of each line is given. The TAC GGA GAC TCT GCG CGC CAG GAC GAC GCC CGA AAG CTG ATS САС ATG GCA GEC ACC ATC GAG GAG GOC ACG ATG CCC AAG GAG ATG TCA 
deduced amino-acid sequence of the 130 140 156 
Н ре 3 Asp Пе 11е Gin Arg teu Trp Lys Asp Ser Gly lle Gin Ala Cys Phe Asp Arg Ala Ser Gla Tyr Gin Leu Asn Asp Ser Ala Gly Tyr 
transducin a-subunit is shown above GAC ATC АТС CAG CGG CTG TGG AAG GAC TCC GGT ATC CAG GCC TGT TTC GAC ССА GCC TCA GAG TAC CAG CTC AAC GAC TCT SCT GGC TAC 
the nucleotide sequence, and amino- 160 176 180 
: е Inl Tyr Leu Ser Asp Leu Glu Arg Leu Val Thr Pro Gly Tyr Val Pro Thr Glu Gin Asp Val Leu Arg Ser Arg Val Lys Thr Thr Gly Ie 
acid residues are numbered begin TAT CTC TCA GAC CTG GAG CGC CTG GTA ACC CCG GGC ТАС GTG ССС ACT GAA CAG GAT GTG CTG CGC TCC СОТ GTC AAG ACC ACG GGT ATC 
ning with the initiating methionine. e 206 210 
шне кеше On ME iom M ына ышар M EE E NE 
NA insert of clone pTal3 ы | ^ lid f TA X UE cu : 
cD , P 220 230 240 
is followed by a poly(dA) tract, Phe Glu Gly Va! Thr Cys Ile Пе Phe Ile Ala Ala Leu Ser Ala Tyr Asp Met Va] Leu Vel Glu Asp Asp Glu Val Asn Arg Met His 
i ich i i TIC GAG GGG GTG АСС TGC ATC ATC TTC ATC GCG GCG CTG AGC GCC TAC GAC ATG GTG СТО GTG GAA GAC GAC GAA GTG AAC CGC. ATG САС 
which is connected with the vector 
6,35 250 260 270 
DNA sequence . The AATAAA Glu Ser Leu His Leu Phe Asn Ser Ile Cys Asn His Arg Tyr Phe Ala Thr Thr Ser Ile Val Leu Phe Leu Asn Lys-Lys Asp Val Phe 
Sequence" is found 15 nucleotides GAG AGC CTG CAC CTG TTC ААС AGT ATC TGC AAC CAC СӨС TAC TTC GCC ACC ACG ТСС АТС GTG CTC TTT CTC ААС AAG AAG GAC GIC TIC - 
upstream from the polyadenylation 280 290 , 300 
z ; Ser Glu Lys Пе Lys Lys Ala His Leu Ser [le Cys Phe Pro Asp Tyr Asn Gly Pro Asn Thr Tyr Glu Asp Ala Gly Asn Tyr lle Lys 
site. Nucleotides 840 (T), 1,137 (G) TCG GAG AAG ATC AAA AAG GCG CAC CTT AGY ATC TGC TTT CCG GAC TAC AAC GGG ССС ААС ACG TAT GAG GAC GCC GGC AAT TAC ATC AAG 
and 1,336 (G) have been taken from 310 320 330 
i i sake Val Gin Phe Leu Glu Leu Asn Met Arg Arg Asp Val Lys Glu 11е Tyr Ser His Met Thr Cys Ala Thr Asp Thr Gin Asn Val Lys Phe 
рТа13 (carrying nucleotides ~137to 1 CAR тте EIT GAG CIC AAG ATG GOK COL Gar ie Me GAD ALE Туг бег ae Мет Thr tys GCC ACC GAC ACG CAG AAC GTC AAG TTT 
2,309), whereas the corresponding 540 ER 
residues of pTa 108 (carrying nucleo- Val Phe Asp Ala Val Thr Asp lle Ile 11е Lys Glu Asn Leu Lys Asp Cys Gly Leu Phe 
GTC TTC GAC GCT GTC ACC GAC ATC ATC ATC AAG GAG AAC CTC AAA GAC TGC GGs CTC TTC TGA GGTGCCTGAGCTCATGCGTCCCTGAGACCCTGCAGC 


tides ~30 to 1,453) are C, A and A, 
respectively; the difference in residue 
840 results in no amino-acid substi- 
tution, 
Methods. Total RNA was extracted?’ 
from bovine retinas and poly(A)* 
“RNA was isolated by oligo(dT)- 
cellulose chromatography”. The 
procedures used for the construction 
of the cDNA expression library and 
for the immunological screening of 
transformants were essentially as 


AATAAACCTTTGCGTCAGGC- --- - 3^ 


described previously??. Using 34 ug of poly(A)* RNA, 805 ng of cDNA was obtained. The screening was carried out by incubation with a 
mixture of two monoclonal antibodies to the porcine transducin a-subunit (IgG2b isotype), then with '°I-protein A (NEN); the monoclonal 
antibodies were prepared by the hybridoma technique ^". Clone pTa 108 was thus isolated. For the isolation of clone pTa13, a cDNA library 
was constructed by the method of Okayama and Вега, using 7.8 ug of poly(A)* RNA and 42 ug of the vector-primer DNA . The procedures 
of transformation and screening were as described previously”; the Avall( —4)/ Ара 11(565) fragment from pTa 108, labelled by nick-translation?! 


with [@-?*P]dCTP, was used as hybridization probe. 


Origin— 
Fig. 2 Autoradiogram of blot hybridization 
analysis of bovine retinal RNA with a cDNA 
probe. Poly(A)* RNA (20 ug) was analysed by 
the procedure of Thomas’. The hybridization 
probe used was the EcoRI/ Sall-excised cDNA 28 $— 


insert of clone pTa108, labelled by nick-trans- 

lation" with [a-?P]dCTP. The size markers 

used were bovine and Escherichia coli ribosomal 

КМА“, A hybridization-positive band of the 

same size was observed when the 

Avall(—4)/ Avall(565) fragment derived from 
pTa@13 was used as probe. 





second ATG triplet encodes amino acid 49, which is preceded 
by one of the peptide sequences determined. A translation 
termination codon (TGA) occurs in-frame after the 350th codon 
specifying phenylalanine. Thus, we conclude that the bovine 
transducin a-subunit is composed of 350 amino-acid residues 

^ (including the initiating methionine) and has a calculated rela- 

tive molecular mass of 39,964, which agrees with the reported 
'value??. Blot hybridization analysis? of bovine retinal poly(A)* 
‘RNA with cDNA probes showed a hybridization-positive RNA 
species of. —2,900 nucleotides (Fig. 2). 

Thie ras gene products, like the a-subunits of transducin and 
related proteins, are membrane-associated proteins that bind 
guanine nucleotides and have GTPase activity!^. Comparison 
of the. amino-acid sequences of the transducin a-subunit and 

he ras protein family reveals several homologous regions (Fig. 





CCTTGACACCTTGTAGCCCCAATGTGCATGACCCTATCAGTCCCCCAGGACTCCTGGGCTCCAGCCTGTG3CCCCACCAGCCACACACTCAAAGCCCTAAACCCTGCTAGCCTTGAGGCC 
CTATAACCCTCCCTCGTGGCTCCCAGGATTCCCAGGTCTCCGAGAGTCCAATGCCCCCAGCCACCCCAGCACTGCCCTTCACGGCCTGGCTGCACTGGCCTCCCAGACCTACCACAGCCA 
GCCCCAGCTAGAAGCAAGCAGGACTTGGGGCAGCTACAGCTCACGGTGACTCABCAATACCTCTACTGACTAATCTCCTGCCTCTUTTCTGCCCCAGGAGGCCCATTACTCACCTGGTGA 
GTCTGGGTTCAGCAAACAGCCCTCCCTCCCAGAGCT TTATGAAGGGCAGGGGGC AGGCATGGAGCCCTTCTCTGAGCAAGCCTTCTGCTTACCATCAGCCCAT TCTAGCCTTACCACCTC 
CATGTGACAGGGTCTGATGCCCATCTGCCCAGTGGCCAGTGACTGCCCTGCCCAGCAGAT TCAGGAGTCCAAAGTTCAAGCCAGCTCTGGCCTGTGCAGCTTGTATGGAGACGACTTAGT 
GAGTCAGGGCAAGCCTGGGGGCTCCTGGT AGCAGGAAGAGACTCAAGCTGGAAAC TTCCCGTACCCTAACECCTCCCCCCAGAGGCTCTGCCCACGCCGTCCTTGGACACCAGAGTCATG 
TCCTACTCCCCTCCAGCCCGCGGCACTCTAGATCAGCCACTCTGTCGAGGGAGGGT ACTGT TGACACCAGT TGTGGCCAATGGTCACACTGTCCTGAGGGGTGGCTGGGAGCAGAGTCCG 
GGTCCCATCGATCAGCCCCAGGCAGAGGATGTGAGACCGGAAGGAAGCCCAGAT TG TGCCCAGAGTGGTCTGCCTCAGGTAGGG TCARAAGCAAATCCATGTGACCCCCTTGTCCCTGCC 
AGCAGCTTTTCTCACCCTTCCCATCAGGGCCCTGGTAGGAAAAAAAAAAAAGTCATGCCTGAACCAT CAGRGACAAAAGCCCATGTCCCCTTACCTCTGCTCCCCACTTCCTCATCAAGT 
ACCTAGTCCTTGCTGATGCCCATGGGCCGTAGCCCGTGCTGGAGT CAAGGGCAAGGAACATCCGTCTAACAAGTCCAGGGCATAATTTGCACTCCCTTCAGCTAGAT ACACAAACTTAGC 





































4a-f). Interestingly, regions a, b and d of ras p21 proteins 
correspond to the regions considered to be involved in guanine 
nucleotide binding. Region a of p21 corresponds to the sequence 
surrounding Gly 12; this sequence exhibits homology with the 
nucleotide binding region of the B-subunit of ATP synthase'^. 
as well as of several dinucleotide binding enzymes". Region b 
of some p21 proteins contains a threonine at position 59 which: 
is autophosphorylated by GTP (refs 11, 16). Furthermore, sucli 
proteins show a lower GTP binding affinity than do proteins 
with alanine at position 59 (ref. 13). Region d constitutes part. 
of the homologous segment found in G-proteins" which has 
been suggested to lie adjacent to the nucleotide binding site in. 
elongation factor-Tu'*. Thus, regions a, b and d of the trans- 
ducin o-subunit may also contribute to guanine nucleotide © 
binding. Furthermore, mutations causing amino-acid substitu- 
tions at positions 12, 13, 59, 61 or 63 of p21 are known to 
enhance the transforming potential of ras genes” and p21- 
associated GTPase activity is selectively impaired by an amino- 
acid substitution at position 12 (ref. 13). Thus, region a of the ` 
transducin a-subunit, like that of ras proteins, may be involved 
in GTPase activity. Region c of the transducin a-subunit con-: 
tains the tetrapeptide sequence Ser-Arg-Val-Lys, which has been 
identified as the site that is ADP-ribosylated by cholera toxin? 
Region f represents the carboxy-terminal tetrapeptide sequence 
of both the transducin a-subunit and the ras proteins (except 
forthe YP2 product) and in the transducin a-subunit, constitutes 
part of the peptide carrying the site that is ADP-ribosylated by 
islet-activating protein". It has been proposed that the conserved 
cysteine in this region is involved in the post-translational events 
leading to the biologically active membrane-associated form of- 














<: p21 (ref. 31). Thus, the regions conserved between the transducin stretches of uncharged amino acids, including many nonpolar 
~ a-subunit and the ras proteins seem to correspond to the func- residues (residues 65-81 and 213-226). These regions may be 
‘tional regions of the two groups of G-proteins. involved in hydrophobic interaction with the other transducin 
























































Analysis of the amino-acid sequence of the transducin a- subunits or with photolysed rhodopsin or the phosphodiesterase. 
subunit reveals two highly. hydrophobic regions with pre- Alternatively, they may contribute to the association of the 


dicted secondary structure which corresponds to continuous protein with the plasma membrane. 





Fig. 3 Partial amino- 
acid sequence analysis of 
the a-subunit of bovine 
transducin. A, Reverse- 
phase HPLC of tryptic 
peptides. The tryptic 
digest was loaded directly 
onto a Chemcosorb 3u 
CH column (8х 
75mm; Chemco) equili- 
brated with 0.1% tri- 
fluoroacetic acid, and a 
linear gradient of 0-60% 
© acetonitrile was applied 
over 80 min at a flow rate 
of 2 ml min^'; a Hitachi 
‚ 635 HPLC system with a 
solvent programmer was 
used. The eluate absorb- 
ance at 210 nm was recor- 
ded with a Hitachi 41 
ultraviolet monitor. Five 
fractions (I-V) corre- 
sponding to absorbance 
peaks were collected. B, Sequence analysis of peptides. Fractions I (a), II (Б), HI (c), IV (d) and V (e) were subjected to amino-acid sequence 
analysis with a gas-phase sequencer (model 470A, Applied Biosystems). Phenylthiohydantoin (PTH)-amino acids were analysed by HPLC 
at 50°C using an Ultrasphere ODS column (4.6 x250 mm; Altex) with a three-solvent gradient (acetonitrile, water and 40 mM sodium acetate 
“buffer, pH 5.6) at a flow rate of 1 ml min™. The yield of PTH-amino acids at each cycle of Edman degradation is shown; the one-letter 
amino-acid notation is used. Fraction V was a mixture of two peptides, whose sequences were assigned as indicated, assuming that leucine 
and asparagine are shared by the two peptides at the sixth and seventh amino-acid positions, respectively. 

Methods. Transducin was partially purified from rod outer segments, prepared from frozen bovine retinas, according to the procedure of Baehr 
et al®, Approximately 20 mg of the partially purified transducin derived from about 1,000 retinas was subjected to electrophoresis on 
SDS-polyacrylamide gels? to purify each subunit; electroelution ^ from the gels yielded 620 pg, 780 ug and 300 рр of the a-, B- and y-subunits, 
respectively. Approximately 120 ug of the purified a-subunit was dialysed against water, lyophilized and dissolved in 830 р] of 20 mM 
Tris-acetate buffer, pH 7.8, containing 2 mM CaCl. TPCK-treated trypsin (Worthington) was added at a transducin a-subunit/trypsin ratio 
of 30 (w/w). After incubation at 37°C for 12h, a further identical aliquot of TPCK-treated trypsin was added, and the incubation was 
continued for an additional 12 h. 
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2-Ha-rae! (5-27) IKLV VV GÀ KSALITIIQLIIQ c-Ha-rae1 (58- 73) Т о-На-гав1 (98-106) 
v-Ha-raa (5-27) KLVVVGAIRG VG KS ALT HQLTQ v-Ha-raa (58- 73) Mas | — v-Ha-rae (98-106) 
с-Кі-рав2 (5-27) IKLVVVGA KSALITIIGUTG c-Ki-ras2 _ (58-73) Т с-Кї-ғав2 (98-106) 
v-Ki-nae (5-27 KLVVVGA KSALIT IaL|IQ v-Ki-raa (58- 73) М v-Ki-ras (98-106) 
Мраз (5-27) IKLVVVGA кѕАЦТЦОЦТО Nerae (s8- 73) Т N-ras (98-106) 
v-Ra-raa (64-86) KLV VV GAIRG VG KS ALIT TALIG v-Ra-mas —— (117-132) v-Ra-ras (157-165) 
Drag (5-27) KLVVVGP KS ALIT IOLO | Dee! (58- 73) И Drag! (98-106) 
Dras2 (5-24) -MEGAS АА peiri üt ILQSY Dras? (55- 70) pr Dras? (95-103) 
o-rasS80-1i (12-34) IKIVVV GG KSALITIÍdF IG SY  c-rasSC-1 (65- во) Т e-rasSÓ-1 (105-113) 
s-rae90-2 —— (12-34) IKLVVV GG KSALITI QL TO SH e-rasSC-2 (65- 80) |Т c-rasSO-2 —— (105-113) 
үр? (10-32) LLL Nise VGKSICL LL RESDDT — v (6а- 79) a TSSY ҮР? (104-112) 
d e / 

Transducin а (228-233) [МУМ ШЙ  Тгапздшсїпа (288-295) Transducin а (347-350) RELF 

a-Ha-raei — (111-116) MVLVG № c-Ha-raet (148-155) e-Ha-raet (186-189) S 

v-Ha-raa (111-116) N v-Ha-ras (148-155) у-На-рав (186-189) S 

c-Ki-rae2 (111-116) М c-Ki-nze2 (exon АА) (148-155) e-Ki-ras2 (exon 44) (186-189) crim 

v-Ki-rae (111-116) N e-Ki-rae2 (exon åB) (148-155) e-Ki-rag2 (exon 4B) (185-188) Mis 

Naras (111-116) М v-Ki-ras (148-155) v-Ki-ras (186-189) М 

ч-Ңа-гав (170-175) IN| — N-ras (148-155) N-ras (186-189). CVVM 

pragi (111-116) N v-Ra-ras (207-214) v-Ra-ras (245-248) LS 

Dras2 (108-113) Ң Drast (148-155) Drasi (186-189). CIKML 

c-raeS0-i —— (118-123) М орта? (146-153) Drea? (184-187). ICM 

e-srsS0-2 (118-123) М о c-nas30-1 (156-163) е-гав9б-1 (306-309) СШС 

ҮР2 (317-121) № c-n2590-2 (156-163) c-ras90-2 (319-322) E 118 

ҮР2 (154-161) ҮР2 (206) c 





Fig.4 Amino-acid sequence homology in different regions (a-f) between the transducin a-subunit and ras proteins. The sequences of the 
ras gene products have been taken from the literature: c-Ha-ras1 (ref. 46); v-Ha-ras (ref. 47); c-Ki-ras2 (ref. 25); v-Ki-ras (ref. 48); N-ras 
(ref. 26); v-Ra-ras (ref. 49); Dras1 and Dras2 (ref. 50); c-ras5C-1 (refs 51, 52); c-ras°°-2 (ref. 52); YP2 (ref. 53). The one-letter amino-acid 
notation is used. Amino-acid residues are numbered beginning with the initiating methionine of the respective polypeptides, and the residues 
constituting each aligned sequence are indicated by their numbers. Identities or favoured substitutions, as compared with the residues of the 
transducin a-subunit; are boxed. Favoured substitutions are defined as pairs of residues belonging to one of the following groups: S, T, P, A 
‘and G; N, D, E and Q; Н, R and К; M, I, L and V; F, Y and W (ref. 54). Gaps (-) have been inserted to achieve maximum homology. In 
e and f, both the sequences encoded by exon 4A and exon 4B of c-Ki-ras2 are given. 
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Partial amino-acid sequences of the bovine transducin a- 
subunit reported recently by Hurley et al^ correspond, with 
some undetermined residues, to residues 19-51, 205-226 and 
311-350 of our deduced amino-acid sequence. These authors 
have also noted the sequence homology between the transducin 
a-subunit and ras proteins in the region surrounding Gly 12 of 
р21. 
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Directed intracellular particle movement is a fundamental process 
characteristic of all cells. During fast axonal transport, mem- 
branous organelles move at rapid rates, from 1 to 5 ит s^, in 
; either the orthograde or retrograde direction along the neurone 
and can traverse distances as long as 1 m (for reviews, see refs 
1-3). Recent studies indicate that this extreme example of intracel- 
lular motility can occur along single microtubules“, but the 
molecules generating the motile force have not been identified or 
localized. It is not known whether the force-transducing ‘motor’ 
is associated with the moving particle or with the microtubule 
lattice. To distinguish between these hypotheses and to characterize 
the membrane—cytoskeletal interactions that occur during vesicle 
translocations, we have developed a reconstituted model for micro- 
tubule-based motility. We isolated axoplasmic vesicles from the 
giant axon of the squid Loligo pealei as described previously". The 
vesicles (35—475 nm in diameter) were then added to axonemes of 
Arbacia punctulata spermatozoa that served as a source of micro- 
tubules. Axonemes were used because the tubulin subunit lattice 
of the A-subfibre of a given outer doublet is the same as the subunit 
lattice of neuronal microtubules along which motility occurs®’ 
Moreover, all the microtubules of a single axoneme show the same 
structural polarity" "°, indicating that the axoneme represents an 
oriented microtubule substrate. Here we demonstrate that vesicle 
motility is ATP-dependent, that it is not mediated by the flagellar 
force-transducing molecule dynein and that the direction of move- 
ment is not specified by microtubule polarity. 
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When axoplasmic vesicles are added to flagellar microtubules 
in the presence of ATP, the vesicles move along the axonemal 
microtubules in either direction on a single axoneme. Figure 
la-c shows a vesicle (arrowhead) that has moved to the end of. 
the axoneme and has remained attached on reaching the end. 
Figure 1d-f shows another vesicle that became associated with 
the same axoneme 8 minutes later, and the vesicle travelled in 
the opposite direction to that shown in a-c. The axonemes used 
in Fig. 1 were prepared from Arbacia spermatozoa by dialysis: 
against low ionic strength Tris-EDTA bufler to remove the 
dynein arms''. SDS-pclyacrylamide gel electrophoresis (Fig. 2) 
demonstrates that the dynein has been removed from the 
axonemes shown in Fig. 1. (Figure 2d shows the polypeptide 
profile of the axonemes before Tris-EDTA dialysis; lane e shows 
these axonemes after the dialysis, whereas lane f shows the: 
proteins removed from the axonemes by the dialysis treatment.): 
These data demonstrate that the axonemes supporting vesicle 
motility lack dynein, the flagellar force-transducing molecule. 

To examine the vesicle- microtubule interaction illustrated in 
Fig. 1 at higher resolution, a sample of axonemes and associated: 
vesicles was fixed and. prepared for thin-section electron mi- 
croscopy (Fig. 3). The vesicle in Fig. 3a is in association with. 
an axoneme; b illustrates a representative field of axonemes 
and a vesicle attached to a microtubule. Figure 3c shows that 
the vesicle membrane contacts the microtubule by crossbridging: 
filaments. The distance between the crosslinks varies from 14 
to 20 nm. Those segments of microtubules that are not in associ- : 
ation with a vesicle lack these filamentous crosslinks. The other 
projections seen on the axonemal microtubules have the period- = 
icity and appearance of radial spokes’? and are unaffected Ьу. 
the low ionic strength dialysis that removes the dynein arms. 
Both the crossbridging filaments and the axonemal projections 
lack the tilt and periodicity (24 nm) expected for dynein. The .. 
sample used to generate Fig. 3 was obtained from the same 
axoneme/vesicle preparation as in Fig. 1. For electron mi- 
croscopy, however, axonemes and vesicles were combined and 
fixed in solution. Thus, although Fig. 3 shows apparent inter- 



















































Fig. 1 Video micrograph of two vesicles mov- 
ing on flagella axonemal microtubules in the 
absence of flagellar dynein. The sequence in 
а-с demonstrates a vesicle (arrowhead) that 
became attached to the axoneme at —2 min after 
the vesicles were added to the axonemal micro- 
tubules. The sequence in d-f shows another 
vesicle (arrowhead) that became attached to the 
same axoneme 8 min later and moved in the 
opposite direction. The time (min:s) of each 
photograph of the video record is indicated. 
Scale bar, 1.2 ym. 

Methods. Axonemal microtubules were pre- 
pared from Arbacia spermatozoa and dialysed 
against 1 mM Tris-HCI pH 8.0, 0.1 mM EDTA, 
0.1%  2-mercaptoethanol to remove the 
dynein'', The axonemes were collected by cen- 
trifugation and washed 2-3 times in HEPES 
buffer (10mM HEPES pH 7.0, 0.1M KCI, 
5mM MgSO,, 0.5mM EDTA, 1 mM dithio- 
threitol). Washed axonemes were allowed to 
settle on a no. 0 coverslip and any unattached 
axonemes were removed by washing with the 
HEPES buffer. The preparation was covered 
with a second coverslip and transferred to the 
microscope for observation. Axoplasmic ves- 
icles were isolated from the giant axon of the 
squid Loligo pealei using discontinuous sucrose 
gradient centrifugation as described рге- 
viously^. These vesicles in buffer (0.3 M sucrose, 


differential interference contrast microscopy". 
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Fig. 2 SDS-polyacrylamide gel electrophoretic analysis of the 
protein composition of the axonemal microtubule preparation. 
Lanes a, b and c show various standards: a, relative molecular 
mass markers (х107?); b, squid axoplasm; c, purified mammalian 
brain microtubules. Lane d demonstrates the polypeptide composi- 
tion of the axoneme preparation before the Tris-EDTA dialysis; 
lane e, the axonemes after dialysis and centrifugation, showing the 
loss of dynein (Dy) from the axonemal microtubules. ( This sample 
(lane e) is from the same preparation as that used as the source 
of axonemes in Fig. 1.) Lane f shows the proteins removed from 
ihe axonemes by the dialysis step. Arrows indicate the top and 
bottom of the 3-15% acrylamide/ 12-48% urea linear gradient slab 
gel, using the buffer formulation of Laemmli'? and stained for 
protein with Coomassie brilliant blue. Tub, tubulin: td, tracking 
dye. 


100 mM KCI, 10 mM MgCl, 1 mM EGTA, 1 mM ATP, 1 mM phenylmethylsulphonyl fluoride, 10 mM imidazole, pH 7.4) were added at the 
edge of the coverslip 'sandwich' containing attached axonemes and washed across the preparation by absorbing buffer with filter paper at the 
opposite side of the coverslip. Observations of the vesicle addition and of the vesicle movement were made by video-enhanced contrast 


action between a moving vesicle and an axoneme, we did not 
determine whether this vesicle was moving at the time of fixation. 

We have found that axoplasmic vesicles move along: (1) outer 
doublets; (2) outer doublets treated with 0.5 M KCl to remove 
the outer dynein arms"; and (3) axonemes dialysed against 
Tris-EDTA to remove both the outer and inner dynein arms", 
but they do not move along intact flagella (that is, axonemes 
with the flagellar membrane present) or on glass fibres. 
Moreover, neither large unilamellar liposomes (100-400 nm in 
diameter; phosphatidylserine/phosphatidylcholine, 2:1) nor 
microspheres (200 and 400nm in diameter) move along 
axonemes in the buffer that supports vesicle movement. 
Axonemes without added vesicles never demonstrate particle 
movement in the presence of ATP. 

Rates of vesicle movement on axonemes subjected to various 
treatments were quantitated from video records". Figure 4 illus- 
trates similar rates of vesicle movement in three different 
axonemal preparations. The rates in a describe vesicles moving 
on outer doublets. The outer doublets were prepared by treating 
axonemes with trypsin to hydrolyse the nexin links, followed 
by reactivation with ATP to cause the microtubule outer doublets 
to slide relative to one another!'^"^. This results in the loss of 
the axonemal 9+2 configuration, but the dynein arms remain 
intact. The axonemal preparation in Fig. 4b was obtained by 
treating outer doublets (isolated as described for a) with 
0.5 M KCI to remove the outer dynein arms". The axonemes of 
Fig. 4c were dialysed against low ionic strength Tris-EDTA to 
remove both the outer and inner dynein arms''. 

Vesicles were observed to move in both directions on a single 
axoneme (Fig. 1). These observations indicate that the polarity 
of the microtubule did not dictate the directionality of vesicle 
movement because all the microtubules of a single axoneme 
have the same polarity" '?. Most vesicles do not change their 
direction of travel once in association with the axoneme, 
although we observed one vesicle that stopped and changed 
direction of translocation along the axoneme and some vesicles 
that changed from one axoneme to another and continued 
moving. However, the rates of movement were the same both 
for a vesicle that moved on two different axonemes and for: 
several vesicles on the same axoneme, Furthermore, experiments 
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Fig. 3 Transmission electron micrograph illustrating vesicle 
association with axonemal microtubules. a, The vesicle (230 х 
346 nm) illustrated is in contact with an axoneme. b, A typical field 
of axonemes with one vesicle in association with an axonemal 
microtubule. c, Higher magnification of the area enclosed in the 
rectangle in b. The vesicle (180 x 309 nm) is in association with an 
axonemal microtubule (24 nm) and seems to be attached by cross- 
bridging filaments; the spacing between the filaments is 14-20 nm. 
Methods. Vesicles and axonemes were prepared as described in 
Fig. 1 legend. Vesicles in buffer were added to axonemes and 
incubated for 5 min to allow vesicles to associate with axonemal 
microtubules. The preparation was fixed in 2% glutaraldehyde, 
1% tannic acid, 1 mM MgSO,, 0.1 M sodium phosphate buffer, 
pH 6.8 at 4°C and post-fixed in 1% osmium tetroxide at 4 °С. The 
sample was dehydrated in ethanol, transferred through three 
changes of propylene oxide and embedded in LX-112 (Ladd 
Research Industries, Burlington, Vermont). Thin sections (60- 
70 nm) were stained with saturated aqueous uranyl acetate fol- 
lowed by lead citrate"? and observed with a JEOL 100CX electron 
microscope at an accelerating voltage of 60 kV. a, Scale bar 150 nm; 
b, scale bar 500 nm; c, scale bar 100 nm. 


designed to test the competency of axonemes to support vesicle 
motility demonstrate that all axonemes tested support vesicle 
movement. 

The results presented here demonstrate clearly that vesicles 
from squid axoplasm move on flagellar axonemal microtubules 
at the same rate in the presence or absence of flagellar dynein. 
Thus, vesicle motility is not mediated by the axonemal force- 
generating molecule dynein. In addition, the vesicle motility 
seems to be a different phenomenon from that studied by 
Bloodgood et al. in which polystyrene microspheres move on 
Chlamydomonas flagella'*'”. The ATPase mediating the motility 
of microspheres on Chlamydomonas flagella demonstrates a 
strict dependence on both the flagellar membrane and Ca?*. In 
contrast, axoplasmic vesicles do not move on intact flagella (that 

15; aXonemes with membrane in place); furthermore, vesicle 
motility on axonemal microtubules occurs in the presence of 
1 mM EGTA (that is, in the absence of calcium). The results 
presented here, when taken together with those of Gilbert and 
Sloboda’, suggest that key vesicle surface proteins interact with 
the microtubule to effect vesicle movement. However, it is poss- 

-ible that there is an as yet uncharacterized ATPase associated 
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Fig. 4 Rates of vesicie movement on axonemal microtubules. a, 

Rates of vesicle movement occurring on axonemal outer doublet. 
microtubules obtained by treating axonemes with trypsin followed 
by soybean trypsin inhibitor and reactivation with ATP. This treat- 
ment caused the outer doublet microtubules to slide apart out of 
the normal 9 + 2 configuration of the ахопете!“. b, Rates of move- 
ment of vesicles on outer doublets obtained as in a, followed by 
treatment with 0.5 M KCI to remove the outer dynein arms”. c, 
Rates of movement of vesicles on intact axonemes dialysed against 
Tris-EDTA to remove the outer and inner dynein arms''. The three 
mean rates (X) are not significantly different at a P of 0.05 as 
determined by either Student's t-test or Mann-Whitney U test. X, 

Mean; s.d., standard deviation; n, sample size. 





with the axoneme that remains bound under conditions that: 
remove flagellar dynein from axonemal microtubules. Alterna 
tively, a soluble axoplasmic ATPase not associated with the: 
membrane may co-putify with the vesicles and mediate vesicle : 
movement. The results reported here do not distinguish between 
these possibilities, but rather present a rapid in vitro motility: 
assay that may be used to evaluate microtubule-dependent motil- . 
ity. This model system will allow vesicle characteristics to be 
manipulated experimentally to localize and characterize the. : 
force-transducing molecules involved in fast axonal transport. : 

We thank Dr Rober: H. Gross for the gift of liposomes. This 
research was supported by grants to R.D.S. (Muscular Dys- 
trophy Association; NSF PCM 80-21976) and S.P.G. (Sigma Xi 
Grant-in-Aid and Albert Cass Traveling Fellowship). The micro- 
scope was provided by a grant to R.D.A. (Rowland Foundation). 
S.P.G. is a graduate student at Dartmouth College supported 
by a R. Mellville Cramer Graduate Fellowship and by NIH- 
NINCDS grant NS19962 to R.D.A. 


Received 31 January; accepted 1) March 1985. 


. Brady, S. T. & Lasek, R. J. Meth. Cell Biol. 25, 365-398 (1982). 

. Grafstein, B. & Forman, D. S. Physiol, Rev. 60, 1167-1283 (1980). 

‚ Weiss, D. G. (ed.) Axoplasmic Transport (Springer, New York, 1982). 

- Schnapp, B. J., Vale, R. D., Sheetz, M. P. & Reese, T. S. Cell 40, 455-462 (1985). 

Gilbert, S. P. & Sloboda, R. D. J. Cell Biol 99, 445-452 (1984). 

Amos, L. A. & Klug, A. J. Cell Sci. 14, 523-559 (1974). 

Erickson, Н. P. J. Cell Biol. 60, 153-167 (19741. 

. Allen, C. & Borisy, G. G. J. molec. Biol. 90, 381-402 (1974). 

Binder, L. 1., Dentler, W. L. & Rosenbaum, J. L. Proc. natn. Acad. Sci. U.S.A. 72, 1122-1126 
(1975). 


SRNR рост 












. Haimo, L. T., Telzer, B. В. & Rosenbaum, J. L. Proc. nat, Acad. Sci. USA. 76, 5759-5763 
(1979). А 
11. Gibbons, IL R. Archs Biol, Liege 76, 317-352 (1965). 

12. Warner, F. D. & Satir, P. J Cell Biol. 63, 35-63 (1974). 

13. Gibbons, В. H. & Gibbons, f. R. J. Cell Sci. 13, 337-357 (1973). 

14. Summers, К. E. & Gibbons, 1. R, Proc. natn: Acad. Sci. U.S.A. 68, 3092-3096 (1971). 

13. Summers, K. E. & Gibbons, 1. В. J. Cell Biol 58, 618-629 (1973). 

16. Bloodgood, R. A. J. Cell Biol 75, 983-989 (1977). 

17. Bloodgood, К. A., Leffler, E. M. & Bojczuk, A. T. J. Cell Biol. 82, 664-674 (1979). 

38. Allen, В, D. & Allen, N. S. J. Microsc, 129, 3-17 (1983). 

19. Laemmli, U. К. Nature 227, 680-685 (1970). 

Reynolds, E. S. 4 Cell Biol, 17, 208-211 (1963). 













A gelsolin-like Ca**-dependent 
actin-binding domain in villin 



























































- Paul Matsudaira*, Ross Jakes & John E. Walker 


< Medical Research Council, Laboratory of Molecular Biology, 
.. Hills Road, Cambridge CB2 2QH, UK 





Villin is an actin-binding protein of relative molecular mass (M,) 
95,000 found in the core bundle of microfilaments in brush border 
icrovilli from intestine’. In physiological calcium concentra- 
ons («14 M), villin crosslinks actin filaments into bundles. 
However, in free calcium concentrations (21 pM), villin severs 
actin filaments into short pieces" ^. To understand how villin can 
sever and bundle actin filaments, we are studying the molecular 
basis of villin-actin binding interactions by identifying important 
ctin-binding domains in villin. Here, we report the purification 
and preliminary characterization of a 44,000- M, fragment of villin 
which contains a calcium-dependent actin-severing activity. In 
addition, the partial amino-acid sequence from the amino terminus 
‘of this fragment reveals homology with a 16-residue region near 
‘the amino terminus® of gelsolin, an actin-severing protein found 
in many cells"? and sera!^", The sequence homology suggests a 
‘common structural basis for the calcium-regulated actin-severing 
“properties shared by villin and gelsolin. 

Glenney and co-workers'*'* used V-8 protease to cleave villin 
into a 90,000- M, amino-terminal fragment (villin core) and an 

8,500- M, carboxy-terminal fragment (villin headpiece) (Fig. 4c). 
Using electron microscopy, viscometry and pelleting assays, 
they showed that villin core retained the calcium-dependent 
actin-severing activity but lost the bundling activity of the intact 
villin molecule. In comparison, villin headpiece, independent 
of calcium, could bind but not bundle or sever actin fila- 
ments 5. More recently, Hesterberg and Weber!" identified 
one non-exchangeable and two exchangeable (with micromolar 
dissociation constants) calcium-binding sites in villin. One of 
he.exchangeable sites was located in villin headpiece and the 
ther two sites in villin core. We have used trypsin and other 
proteases to determine whether the calcium-dependent severing 
activity of villin can be localized to a fragment smaller than 
villin core. Trypsin cleaved villin into two fragments'® of M, 
44,000 and 51,000 (named 44T and 51T, respectively, Fig. 1a). 
The time course of appearance of 44T and 51T (Fig. 15) shows 
that both fragments are produced at similar rates and suggests 
that trypsin cleaves villin near the middle of the molecule. 
Digests for longer times or at higher trypsin/villin ratios caused 
further degradation of 51T while 44T remained stable to pro- 
teolysis. The instability of 51T relative to 44T explains the lower 
accumulation of SIT during proteolysis. 

Villin fragments which retain calcium-regulated actin-binding 
activity were identified using the '*°I-actin gel overlay assay 
devised by Snabes and co-workers'?^?. (They used this assay to 
identify gelsolin-like proteins in a variety of other cells and 
tissues.) In our experiments (Fig. 2), the '"?L.actin probe bound 
~ willin and 44T only in the presence of calcium; 51T did not bind 

actin in either calcium ог EGTA. Thus, a calcium-regulated 
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Fig. 1 Trypsin cleavage of villin. a, Trypsin cleaves villin, M, 
95,000, into two major peptides of M, 44,000 and 51,000. Lanes 
1-6, digestion after 1, 5, 15, 30, 60 and 135 min, respectively. 
Trypsin, 5 mg ml”! in 0.1 M Tris pH 7.5, 20 mM CaCl, was purified 
by affinity chromatography to soybean trypsin inhibitor coupled 
to Sepharose 4B. The column was washed with tryptamine 
(5 mg ml^' in the Tris-CaCl; buffer) to remove chymotrypsin. 
Trypsin was eluted from the column with 3 mM НСІ, 10 mM CaCl, 
and stored at —20 °C. Villin (5 mg ml^!), purified using the method 
of Bretscher and Weber’, in digest buffer (50 mM NaCl, 1 mM 
MgCl, 0.1 mM EGTA, 10 mM PIPES pH 7.0), was cleaved by 
trypsin at room temperature at a 1:5,000(wt/wt) ratio of 
trypsin/villin. The digest was quenched with phénylmethyl- 
sulphonyl fluoride (PMSF) to 0.1 mM after 1, 5, 15, 30 and 60 min 
(lanes 1-5). Another aliquot of villin was digested at 1: 500 for 
135 min (lane 6). The digests were mixed with SDS sample buffer 
and electrophoresed? on 7-25% microslab gels??. b, The amount 
of the two villin tryptic fragments increases with time at similar 
rates. The gels of the trypsin digest were measured by densitometry 
and the peaks cut out and weighed. The weights of the peaks were 
converted to moles of peptide assuming equal dye binding. The 
amount of peptide present was plotted as a function of time of 
digestion. 
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Fig. 2 Identification of calcium-dependent actin-binding frag- 
ments by a '**]-actin gel overlay аѕѕау!”. SDS gels of incomplete 
villin digests were incubated with 125 actin in 1 mM EGTA (lane 
1) or 0.5 mM CaCl, (lane 3). Their corresponding autoradiograms 
(lanes 2 and 4) show only binding in calcium to villin, 44T and 
an 80,000- M, contaminant. 
Methods. An incomplete tryptic digest of villin was electrophoresed 
on SDS microslab gels and processed for actin binding. Duplicate 
samples were electrophoresed on one gel. The gels were fixed in 
50% methanol, 10% acetic acid for 15 min, incubated in 10% 
ethanol for 2h and then in phosphate-buffered saline (PBS) for 
2h, all at room temperature. After incubating overnight at 4°C or 
for 2h at room temperature with '*I-actin (10,000 c.p.m. mI, 
100,000 c.p.m. total) in either 0.5 mM CaCl, or 1 mM EGTA in 
PBS, the gels were washed, stained, destained and dried. The dried 
gels were then autoradiographed for 8-36 h at —70 °C in cassettes 
fitted with Cronex intensifying screens. 





















Fig. 3 Identification of the 44T and 51T actin- 
binding activities. a, The gel of the 51T (lane 
1) and 44T (lane 2) fragments after purification 
over DEAE and Affi-Gel Blue chromatography. 
b, Electron microscopy of F-actin mixed with 
villin, 44T or 51T fragments. In EGTA (top 
' panel), villin bundles filaments while 44T and 
51T have no effect on actin filament organiz- 
ation. In calcium (bottom panel), 44T and villin 
both sever filaments into short pieces. In these 
conditions, 51T has no effect on actin filaments. 
Scale bar, 100 nm. 
Methods. a, 44T and 51T purification. The villin 
digest was loaded onto DEAE-Sephacel (10 ml 
bed volume) previously equilibrated in digest 
buffer. The bound protein was eluted by a 25- 
250 mM NaCl gradient. The major peak eluted T 
at 125 mM NaCl and contained 51T. The 51T 44T 
fractions were made 10 mM with 2-[ N-mor- 
pholino]ethane sulphonic acid (MES), the pH adjusted to 5.0 and loaded onto an Affi-Gel Blue (Bio-Rad, 10 ml bed volume) column 
equilibrated with 10 mM MES pH 5.0. The column was developed with a 0-0.5 M NaCl gradient in 10 mM MES. The major реак containe 
only 51Т and was concentrated against solid sucrose, dialysed against 50% glycerol, 100 mM NaCl, 0.1 mM EGTA, 10 mM imidazole ( 
then stored at —20 °С. 44T does not bind DEAE-Sephacel in digest buffer. The flow-through fraction from the DEAE column was collecte 
and loaded immediately onto Affi-Gel Blue (10 ml bed volume) which had been previously equilibrated with digest buffer. The column "was 
eluted with a 0-1 M NaC! gradient. The major peak which contained 44T was concentrated with sucrose and stored as described above 
steps were performed at 4?C. Protein concentrations were measured using a modified Lowry method? The purified fragments 
electrophoresed on SDS gels to check for purity. A typical preparation yielded 20 mg of 44T and 7 mg of 51T from 50 mg of villin. b, 
purified fragments were mixed with rabbit skeletal muscle F-actin (2 uM final concentration) at a 1:20 molar ratio іп 150mM NaCl, Im 
MgCl, 10 mM PIPES pH 7.0 and with either 0.1 mM CaCl, or 0.1 mM EGTA for 30 min at room temperature. The samples were appli 
directly to carbon films on 400-mesh grids, rinsed with buffer, negatively stained with 2% uranyl acetate and then examined in the electro 
microscope. The micrographs were printed to the same final magnification. | 
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Fig. 4 Localization of the 44T and 51T fragments in villin. a, a 
Purified villin, 44T (lane 1), villin core and 51T (lane 2) were 
electrophoresed on 10% microslab gels and then immunoblotted 


b 


with a rabbit polyclonal antiserum (R200.2) raised against purified (5IT) 10 20 

villin headpiece (lanes 3, 4). The blot shows that the headpiece villin. VAKVEQVKFDAT TMGVKPEVA AQW 
antiserum recognizes villin (lane 3), villin headpiece (not shown) core’ vilin, 44T) 

and 51T (lane 4), but not villin core (lane 4) or 44T (lane 3). b, } : 
Amino-acid sequence of the amino termini of villin, 44T and 51T VELSKKVTGKLDKTTPGIQIWRIENMEMVPV 
compared with the amino terminus from rabbit macrophage gel- (gelsolin) UU ATEEN 


5IT- 
44T.: 


solin. Identical residues are indicated by vertical lines. c, Diagram 
of the locations of the 44T and 51T fragments relative to villin 
core and headpiece (hp). 

Methods. a, Villin headpiece was purified from a V-8 digest of : 
villin by a new method. Villin (5 теті! in digest buffer) was Me 44T SIT 
cleaved with Staphylococcus aureus protease (1:2,000 (w/w) ex 
enzyme/protein, 45 min, room temperature) and then applied to 
a DEAE-Sephacel column previously equilibrated in digest buffer. 
Villin headpiece does not bind to the column. The flow-through 12 34 
fraction was collected and applied to Affi-Gel Blue equilibrated 

with digest buffer. The column was eluted with a 0-1 M NaCl 

gradient in digest buffer. The headpiece-containing peak was pooled and concentrated as above. Villin core was eluted from the DEAE column 
with a 50-250 mM NaCl gradient in digest buffer. The peak containing villin core was pooled, concentrated against sucrose and then dialysed 
against 50% glycerol. Villin core was then stored at —20 *C. The identity of the headpiece fragment was checked by manually sequencing" 
the first four residues from the amino terminus of the fragment. Antisera were raised in rabbits by injecting 80 рр in complete Freund's adjuven: 
at multiple sites in the back, followed by subsequent injections at 2-week intervals in incomplete Freund's adjuvant. The rabbits were bled 
out at week 8. The titres of the antisera were quantified by enzyme-linked immunosorbent assay (ELISA). As judged by immunoblots ànd 
quantitative ELISA, the preimmune serum contained no detectable cross-reactivity against villin or its proteolytic fragments (not shown). The. 
antiserum was characterized by immunoblotting” against villin, villin core, 44T and 51T after electrophoresis through microslab gels and | 
electrophoretic transfer to nitrocellulose filters. The filters were blocked with 296 bovine serum albumin, incubated with antiserum at a 1:2,000: 
dilution and then with swine anti-rabbit IgG coupled to peroxidase (Dako) at a 1:400 dilution. The filters were developed with 4-chloro 
naphthol. b, Purified villin, villin core, 44T and 51T (20 nmol each) were dialysed extensively against 5% formic acid, freeze-dried and subjected 
to the Edman degradation procedure using a modified Beckman 890B automated sequencer“. The phenylthiohydantoin (PTH) amino acids 
were analysed and identified by HPLC. The position and identity of each residue were determined at least twice by sequencing different _ 
preparations of protein. The villin sequences were checked for homology with protein sequences in the Doolittle data bank". 
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actin-binding domain seems to lie within a 44,000- M, region of 
villin. The calcium dependence of binding rules out nonspecific 
binding as a possible explanation of our results. A minor con- 
taminant (M, 80,000) in the preparation also bound actin in a 
calcium-dependent manner, but its presence varied between 
experiments and was probably caused by a contaminating pro- 
tease. 

The actin-binding properties of 44T and 51T were then 
examined more directly by electron microscopy. Fragments were 


purified by ion-exchange and Affi-Gel Blue column chromato 
graphy. At neutral pH, 51T but not 44T binds to DEAE-Sephace 
and thus the fragments can be easily separated. Each fragmen 
separately can then be purified from minor contaminants ° 
chromatography over Affi-Gel Blue columns. The purified frag. 
ments (Fig. 3a) were mixed with rabbit skeletal muscle actin 

a 1:20 molar ratio in conditions** in which the intact villin 
molecule can buncle or fragment actin filaments (Fig. 36). I 
EGTA, only villin bundled the actin filaments; the 44T and $ 























































fragments had no effect on actin filament organization. In cal- 
cium, both villin and 44T shortened actin filaments to small 
pieces while 51T had no effect on actin filament integrity. Thus, 
electron microscopy directly confirms that the gel overlay assay 
has correctly identified 44T as a calcium-regulated actin-binding 
‘fragment of villin. Although we have not used more quantitative 
methods'!*?!? to test whether 44T caps, nucleates and severs 
actin filaments in an identical manner to villin, the electron 
microscopic results suggest that severing can occur. 
We surmised that 44T and 51T represent different regions of 
villin from the kinetics of their appearance during proteolysis. 
We then used antisera and protein sequence information to 
identify the location of these fragments more precisely within 
the villin molecule. We raised a polyclonal antiserum against 
:the villin headpiece, which retains the carboxy terminus of 
villin?'*, Immunoblots of the villin proteolytic fragments 
showed that the antiserum recognized villin and 51T but not 
© villin core or 44T (Fig. 4a), suggesting that 51T is associated 
with the carboxy-terminal half of villin while 44T could originate 
from the amino-terminal half. This was confirmed by sequencing 
the amino termini of villin, 51T and 44T (Fig. 4b). The first 30 
residues in their sequences showed that villin and 44T share the 
“game amino terminus and, therefore, 44T comprises the amino- 
‘terminal half of villin. 
Ín addition, comparison of the villin amino-terminal sequence 
; with the published amino-terminal sequence of rabbit macro- 
“phage gelsolin® revealed a short stretch (residues 16-31) of 
“homology. This region shares 10 identical residues and 6 conser- 
ved replacements (Fig. 3b). Of these six replacements, five are 
consistent with a single base change. Although previous 
studies"??? have stressed that villin and gelsolin have different 
' locations in cells, produce different peptide maps and elicit 
antisera which do not cross-react, our sequence information 
provides structural evidence that explains the similar actin- 
“severing activities of these two proteins. 
z^ Our results (summarized in Fig. 4c) document a calcium- 
“regulated actin-binding region which lies within the amino- 
terminal 44,000- M, fragment of villin. As seen by electron mi- 
croscopy, this fragment, like villin, villin core and gelsolin, seems 
-to sever actin filaments into short pieces. The similarity between 
‘villin and gelsolin in their actin-severing activity as well as in 
|". the sequences of their amino termini suggests that villin could 
be a member of a related family of actin-severing proteins. This 
family could also include other proteins having M,s and calcium- 
regulated actin-binding activities similar to the villin 44T 
domain, for example, severin from amoeba"*^, (тартіп and 
_cap proteins from slime moulds ^^, and an actin-binding pro- 
‘tein from sea urchin eggs". We speculate that these proteins 
could have sequence homology in regions corresponding to their 
;actin- and calcium-binding sites. 
We thank Drs A. Weeds, J. Kendrick-Jones and H. Huxley 
for their guidance and support, Mr B. Pope for instructing us 
“on the gel overlay assay, and Dr C. Schutt for stimulating our 
"interest in villin domains. P.M. was supported by an EMBO 
“beng Term Fellowship and a British-American Heart Fel- 
< lowship. 
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The structure of the nucleosome core particle, the basic structural 
subunit of chromatin, is well known’. Although nucleosomes often . 
appear to be positioned randomly with respect to DNA sequences, 
in some cases they seem to occupy precisely defined positions on 
the DNA”*. The yeast plasmid TRP1ARS1 contains three pre- · 
cisely positioned, stable nucleosomes, I, I] and Ш, which are 
flanked by nuclease-sensitive regions.5 Our aim in the present 
study was to determine whether the positions of these three nucleo- » 
somes relate to (1) protein-DNA interactions; (2) the limited 
space between nuclease-sensitive regions, which is just long enough 
to accommodate three yeast nucleosomes (that is, boundary condi- 
tions?); or (3) proximity to the putative origin of replication in 
one of the nuclease-sensitive regions*'®. We have tested these 
alternatives by analysing the positions of nucleosomes after inser- 
tion of various lengths of DNA into this region and assembly of 
chromatin in vivo. Our results suggest tliat specific protein-DNA 
interactions are the most likely determinants of these nucleosome 
positions. 

We chose as the DNA to be inserted segments of a sea urchin 
5S sequence which forms a positioned nucleosome in vitro"'. 
An appropriate site at which to insert DNA fragments lies 
between the strong micrococcal nuclease cutting site in 
chromatin at position 1,022 and the strongly protected cutting 
site at 1,082 (Fig. 1). A shift of nucleosome I would prevent 
cutting at 1,022 and/or would expose the DNA cutting site at 
position 913. A shift of nucleosomes Il and ПІ would expose 
the cutting site at 1,341 or even that at 1,082. To obtain a suitable 
cloning site, we introduced a 10-base pair (bp) BamHI linker 
into the Nael site at position 1,069. Insertions of 75, 155 or 
300 bp derived from the 55 gene were made (see Fig. 2). The 
plasmids derived in this way were transformed into yeast for 
assembly into chromatin. All constructs gave similar transforma- 
tion efficiencies and yields in plasmid chromatin preparations; 
the inserts do not grossly interfere with either ТЕРІ or ARSI 
function. 

The plasmids were partially purified? and their structures 
analysed by micrococcal nuclease digestion. All plasmids had 
DNA packed in nucleosomes (not shown). To determine the 
locations of the nucleosomes, cutting sites were mapped using 
the indirect end-labelling method^ 5. Mapping of the micrococ- 
cal nuclease cutting sites within the ТЕРІ gene region showed 
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Fig. 1 Chromatin structure of the TRPIARSI plasmid: location 
> of the inserts used to study nucleosome positioning. The detailed 
г Structure of TRP1ARS1 chromatin is shown’, with the open reading 
frame for the TRPI gene indicated by the heavy arrow. Two 

, nucleosome-containing regions are separated by two nuclease- 
< sensitive regions A and B. A is located at the 3’ end of the ТЕРІ 
gene and the putative origin of replication. B is located 5' to the 
gene. The four nucleosomes on the ТЕРІ аге imprecisely posi- 
'.tioned or unstable. Three stable nucleosomes (I, H and III) are 
precisely positioned on a sequence with unknown function (UNF). 
The cutting sites for micrococcal nuclease which are protected in 
TRPIARSI chromatin (913, 1,082 and 1,341) are shown inside the 
circle; cutting sites that are exposed in chromatin (676, 737, 797, 
862, 1,022, 1,202, 1,390, 1,442 and 66) are shown on the outside. 
DNA fragments of 75, 155 or 300 bp were inserted between posi- 
tions 1,069 and 1,070, as indicated. Nucleosomes I, II and III are 
characterized by protection of cutting sites at 913 and 1,082 and 

‚ partial protection of the site at 1,341. Restriction enzymes used 
and their cutting sites are: EcoRI/1 (RI), Xbal/186 (Xbal), 

EcoRV/385 (RV). 


» that all constructs had unstable nucleosomes similar to those of 

х unmodified TRP1ARSI (results not shown; see ref. 5). Figure 
3 shows the mapping of the micrococcal nuclease cutting sites 
on chromatin and DNA, from the EcoRV site (position 385) 

. counterclockwise using a 199-bp Xbal/ EcoRV fragment as a 
probe. All the plasmids are strongly cut near the 3' end of ТЕРІ, 
around the putative origin of replication (arrowhead). Further, 
chromatin from all the plasmids is frequently cut between posi- 
tions 1,341 and 66. We conclude that insertion of DNA affected 
neither the chromatin structure of TRP1 nor the two nuclease- 
sensitive regions. 

In chromatin incorporating plasmid T-75R, strong cutting was 
observed around position 1,022, accompanied by strong cutting 
in the inserted DNA region (open bracket in Fig. 3). Cutting 
sites in this region are weak in naked DNA controls and therefore 
exposed in chromatin. In the regions of chromatin from position 
862 to 1,022, from the DNA insert to 1,202 and from 1,202 to 
1,390, prominent naked DNA cutting sites (around 913, 1,082 
and 1,341) are protected in a manner similar to that in 
TRPIARSI chromatin. We conclude that nucleosomes are 
formed at the same positions in the modified plasmid as in 

STRPIARSI. The inserted DNA appears to be present as an 
exposed, long linker between two positioned nucleosomes, I 
and П (Fig. 2). 

In T-155R chromatin, the nucleosomes at positions 862 to 
1,022 and 1,202 to 1,390 again occupy identical locations in the 
derivative and parent plasmids (Fig. 3). Cutting of naked DNA 

“at. position 1,082 and at two positions in the insert is strong 
"(relative to cutting at 1,202 and 1,022) while cutting at these 
-three sites in chromatin is weak. As there are ~335 bp between 
cutting sites 1,022 and 1,202 (including the 155-bp insert), we 
suggest that there are two tightly packed nucleosomes positioned 
in this region (Fig. 2). 
In T-300L chromatin, protection against micrococcal nuclase 
; cutting between position 862 and 1,022, from the insert to 1,202, 
and from 1,202 to 1,390 indicates that nucleosomes I, Н and 
HI originally resident on the yeast sequences are positioned оп 















T300L 


Fig. 2 58 rRNA gene region insertions in the TRPIARSI plasmid . 
and nucleosome positions after reassembly in yeast. 5S: Two (of) 
18) tandemly repeated 190-bp fragments containing 5S sequences 
are shown. The position of the nucleosome assembled in vitro! is 
indicated by a dashed circle (from nucleotide. 20 to 165 of the 
published sequence). TRP1ARS1: The positions of the three stable { 
nucleosomes (1, H, ПІ) on the TRPIARS1 UNF region are shown 
as hatched circles. T-75R: Using two 10-bp BamHI linkers, the 
55 bp-long XmnI/ Alul fragment of the 55 DNA (hatched box) 
was inserted in the same orientation as the ТЕРІ gene. T-155R: 
Using two 10-bp BamHI linkers, the 135 bp-long AluI/ Xmnl i 
fragment of SS DNA was inserted in the same orientation as the 
TRPI gene. T-300L: Using three BamHI linkers, two 135 bp-long .. 
Alul/ Хтпі fragments of 5S DNA were integrated in tandem in 
the opposite orientation to the TRPI gene. The BamHI linkers.’ 
are shown as vertical ticks, Restriction sites are: V, Aval; X, Xmnl; 9 
A, Alul; RI, EcoRI; and. N, Nael. The large arrowhead on ће. 
left indicates the end of the TRPI gene. 
Methods. The 1,453 bp-long TRPLARS1 EcoRI fragment was inser- ` 
ted into the EcoRI site of a pBR322 derivative, from which the 
BamHI site and all Naef sites were deleted. A BamHI linker was’ 
inserted into the Nael site of the TRPIARS1 sequence between 
nucleotides 1,069 and 1,070 to give plasmid pBRATO2. The inser- 
tions in the BamHI site were derived from a segment of Lytechinus 
variegatus DNA containing the 5S rRNA gene. A plasmid was 
constructed containing 18 tandemly repeated copies of a segment 
consisting of the DNA from nucleotide 1 to 178 of the published 
ѕедиепсе!!, flanked by EcoRI and Aval sites; the overall repeat - 
length of the insert is 190 bp. The 55 bp-long Xmn1/ Alul fragment 
and the 135bp-long. Alul/ Хтп1. fragment were gel-purified, 
attached to BamHI linkers and inserted into pBRAT2. The 
modified TRPIARS1 EcoRI fragments were gel-purified, circular- 
ized and used to transform yeast SC-3 (mata ura3 his3 gal2 gal10 
trp1) obtained from L. W. Bergman (University of Maryland). 


the same sequences. The inserted DNA, however, appears to. 
be cut through a nuclease-sensitive region of ~50 bp at one end 
and 90 bp at the other end. Strong cutting sites present on naked 
DNA in the insert are protected in chromatin, suggesting the 
presence of a single nucleosome on the 300-bp insert. To localize. 
precisely this nucleosome on the inserted DNA, we have mapped 
micrococcal nuclease cutting sites clockwise from the XbaI site | 
and counterclockwise from the EcoRV site at three levels of : 
digestion. Cleavage sites at the boundaries of the linker DNAs 
are at positions 1,032 + 15 and 1,122+ 12 on one side and 1,266+ 
9 and 1,315 + 15 on the other side (note that positions here refer 
to sites in T-300L, not TRP1ARS1). The protected region covers 
144 bp between positions 1,122 and 1,266. With respect to the _ 
sea urchin 5S sequence, the nucleosome provides protection 
from nucleoside 162 on one repeat to 163 on the other (Fig. 2); 
the additional nucleosome assembled in vivo occupies a position : 
on the 5S sequence which is similar to the position obtained in- 
the in vitro reconstitution experiments! !. | 
The ARS function in the TRPIARSI fragment has been. 
localized between positions 615 and 1,453 (ref. 10). We have 
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Fig. 3 Mapping of the micrococcal nuclease cutting sites on 
chromatin (C) and DNA (D) counterclockwise from the EcoRV 
site. TRPLARSI: Mapping data and the mean cutting sites, indi- 
cated on the left-hand side, are taken from Thoma er al’, and 
serve as a standard. The position of the insertions is marked by a 
tick. T-75R, T-300L, T-155R: The positions of the inserted sequen- 
ces are indicated by open boxes. The vertical arrow indicates the 
open reading frame of ТЕРІ. 

Methods. Preparation of plasmid chromatin and control DNA, 
digestion with micrococcal nuclease and mapping of the cutting 
sites were done in a similar way to that described by Thoma et 
al^. Yeast cells were grown at 30°C in minimal medium supple- 
mented with uracil and histidine (0.67% yeast nitrogen base 
without amino acids (Difco), 2% dextrose, 20 g uracil per l, 20g 
histidine per 1) to an absorbance of 1-4 at 600 nm, washed twice 
with water and converted to spheroplasts using Zyolyase 60,000 
(Kirin Breweries, Takasaki, Japan). The spheroplasts were washed 
in yeast wash buffer (40 mM K-phosphate pH 7.5, 1 M sorbitol, 
1 mM phenylmethylsulphonyl fluoride (PMSF)) and lysed in buffer 
А (20 mM Tris-HCI pH 8, 150 mM NaCl, 5 mM KCl, 1 mM EDTA, 
1mM PMSF) containing 0.2% Triton X-100. The genomic 
chromatin was pelleted at 27,000 g at 0 °C for 30 min and the small 
contaminating material was removed by gel chromatography on 
Sephacryl! $300 in buffer A. The plasmid chromatin eluted in the 
void volume and was pooled. DNA from one half of the chromatin 
pool was extracted using phenol, phenol/chloroform, and 
chloroform; RNA was digested with RNase A, and DNA was 
re-extracted as above and precipitated twice. Micrococcal nuclease 
digestions were done in buffer A supplemented with 5 mM CaCl, 
for 5 min at 37°C using four different enzyme concentrations. To 
map the micrococcal nuclease. cutting sites, DNA was extracted 
as above, cut with EcoRV, separated on 1% agarose gels in Tris- 
borate buffer containing ethidium bromide, blotted onto nitrocel- 
lulose, and hybridized to radioactively labelled Xbal/ EcoRV frag- 
ments. The radioactive bands were detected using Kodak XAR-5 

film. 


shown that different fragments of DNA can be inserted at 
position 1,069 without disrupting ARS function. As the nucleo- 
some between 862 and 1,022 in TRPIARSI is highly stable?, we 
suggest that the functional ARS sequence lies in the nuclease- 
sensitive region A between 676 and 862, in analogy to simian 
virus 40, where the origin of replication is known to be in a 
nuclease-sensitive region" 

We next consider the possible determinants of nucleosome 
positions. Insertion of 75-300 bp of DNA had no effect on the 
positions of nucleosomes I, H and ПІ. Surprisingly, yeast prefers 
to assemble long linkers (75, 49, 90 bp), although on average 
ће yeast micrococcal nuclease repeat length is ~ 160 bp", con- 
sistent with 145-bp nucleosome cores connected by ~15-bp 
core-to-core linkers. 

One may ask whether nucleosome formation near the replica- 
tion fork aligns or phases nucleosomes in positions which are 










determined by the location of the origin of replication. Although: 
the precise location of the origin of replication and the nature 
ofthe replication process are unknown, the existence of variable- ' 
length linkers in T-75R and T-300L excludes the possibility that 
nucleosome positioning is a simple function of replication. 

The existence of long linker DNA demonstrates that the yeast 
did not take the opportunity to rearrange or randomize its 
nucleosome positions; this observation excludes a simple 
boundary mechanism in which the positions of nucleosomes are 
determined by a statistical arrangement within limited space 
between two boundaries, regions which interact with other pro- 
teins to preclude nucleosome formation?. Although we must 
consider the possibility that the inserted DNA itself (particularly 
the DNA which exists as long linkers) may represent a boundary, 
this seems unlikely for the linkers in T-75R and T-300L. Thus, 
these sequences can associate with histones to form nucleo- 
somes, that is, the X-A fragment in T-75R formed in vitro! and 
the sequences represented by both the open and black boxes in 
T-300L in the additional nucleosome formed in vivo (Fig. 2). 
As we have excluded the simple boundary mechanism and a 
replication-related mechanism, we conclude that local protein- 
DNA interactions, involving either histones per se or positioning 
proteins'^, probably determine the positions of these yeast 
nucleosomes. 

The nucleosome formed on the 300-bp insert appears to 
occupy a position identical to that of the core particle assembled 
in vitro''. As only 90 bp of sequence are shared in the nucleo- 
somes assembled in vitro and in vivo, we suggest that this 
sequence ( Alul site to position 162) must contain a nucleosome 
positioning signal. A similar conclusion has been reached in 
studies of the in vitro assembly of modified 5S fragments with 
histones, although in vitro, sequences to the left of the Alu] site 
serve a discriminatory function in phasing (P. FitzGerald and 
R.T.S., unpublished observations). As only histone- DNA inter- 
actions were necessary in vitro to position the nucleosome, we 
infer that, in yeast, histone-DNA interactions may be the 
dominant mechanism for positioning of this particular nucleo- 
some in vivo. It is interesting that chicken erythrocyte histones 
were used for the in vitro experiments! ', therefore the positioning 
signal may be universal. 

Whatever mechanisms are responsible for positioning of these 
nucleosomes, the fact that only one of the two positioning signals 
on the 5S DNA was used in T-300L (formation of the nucleo- 
some indicated by the dashed circle in Fig. 2 did not occur), 
together with the observation that nucleosome II did not shift 
in T-75R or T-300L, suggests that a hierarchical array of position- 
ing signals must exist. The signal for nucleosome II must be 
stronger than that for the 5S sequence. 

We have shown that yeast and yeast plasmids can be used as 
an in vivo chromatin reassembly system for addressing questions 
relating to structure and function of nucleosomes in vivo. 
Although the present experiments have analysed structural 
changes only in circular plasmids, homologous recombination 
in yeast will allow the extension of such studies to the chromo- 
some itself. 

We thank our colleagues for criticisms and discussion, par- 
ticularly David Pederson and Peter FitzGerald for comments 
on the manuscript and Joel Brubaker for plasmid construction 
and isolation. 
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_. Although techniques are available for the determination of the 
_ three-dimensional structure of biological specimens, for example 
. scanning electron microscopy, they all have some serious drawback, 
; such as low resolution, the requirement for crystals or for the 
_ Sample to be analysed in a high vacuum. In an attempt to develop 
‚а technique for high-resolution three-dimensional structure analy- 
sis of non-crystalline biological material, we have tested the 
. applicability of scanning tunnelling microscopy (STM), a method 
` that has been used successfully in the analysis of metal and 
.. Semiconductor surface structures". We report here that scanning 
tunnelling electron microscopy can be used to determine the surface 
topography of biological spécimens at atmospheric pressure and 
. room temperature, giving a vertical resolution of the order of 1 A. 
|. Our results show that quantum mechanical tunnelling of electrons 
. through biological material is possible provided that the specimen 
"is deposited on a conducting surface. 
© We have used a STM microscope similar to the one developed 
at the IBM Zürich Laboratory!, but operated at air atmospheric 
pressure. The microscope works by scanning a metal tip of very 
small radius at a distance —5-10 À above the surface by means 
of three mutually perpendicular piezoelectric ceramics. In the 
constant-current mode, the tip-surface distance remains roughly 
constant during the scanning because of the extreme sensitivity 
of the tunnel current with respect to the tip-surface separation’, 
To proceed with the STM of biological samples, a flat conduct- 
ing and structureless substrate was needed. This condition was 
satisfied by pyrolitic graphite (Fig. 1a), where a surface which 
_is atomically flat on a. —2,000-À range displays a step of 
“monoatomic height. From this image, we could estimate the 
stability and resolution of our microscope to be ~1 A of vertical 
‘resolution and ~5-10 A of lateral resolution. These values were 
obtained at atmospheric pressure and room temperature. 
We have analysed two types of of biological samples, both 
derived from bacteriophage 29 particles. This small bac- 
*teriophage is composed of a poe. icosahedral head (415 x 
315 А )and acomplex tail (410 А long)^*. Phage particles release 
their DNA and part of their neck-tail complexes when treated 
with EDTA‘. The purified phage samples were diluted in 0.1% 
glycerol for examination by STM. A control experiment to check 
the influence of the 0.1% glycerol solution on the graphite 
surface demonstrates a noise level of the surface lines only 
‘slightly higher than that of the graphite substrate (Fig. 15). 
The phage-derived structures were allowed to air dry over an 
electron microscope grid and then stained to detect the degree 
of destruction provided by this drastic drying procedure. Figure 
2a shows that phage particles (either with or without DNA) 
retained their characteristic gross morphology?*. A parallel 
sample.was then adhered to a surface of freshly cleaved graphite 
by drop deposition, allowed to air dry and then examined by 
STM. 
` Over a flat background (similar to that shown in Fig. 15), a 
series of reproducible scans allow us to define objects (Fig. 
-2b-d). A comparison of these surface topographies with the 
electron micrographs of the phage-derived structures suggested 
“that the STM topographic profiles could be correlated qualita- 
tively with the general shape and dimensions of DNA-filled 
_ phage, empty head and empty phage particles. Flattening of the 
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Fig. 1 а, STM topographic curves of a pyrolitic graphite surface 
cleaved in air, obtained at ambient pressure. Divisions on the axes 
are 10 À apart. The scale along the y-axis (broken line) is not well 
determined. A step of height 7 À corresponding to the lattice 
constant of graphite (6.708 A) is clearly visible. b, STM topographic 
curves of a graphite surface covered with 0.2 M ammonium bicar- ^ 
bonate containing 0.1% glycerol used to deposit the bacteriophage- 
derived structures. Divisions on the axes are 50 À. Note that the 
substrate is flat over the range — 1,000 А. 























Fig.2 a, Electron miczograph of various structures derived from 
bacteriophage $29. Phage particles treated with EDTA® released 
their DNA and part of their neck-tail complexes. After partial 
purification of the empty head fraction, the material was diluted 
10 times in 0.1% glycerol and allowed to air dry over a collodion- 
carbon-coated electron microscope grid. After drying, the sample 
was negatively stained with 2% uranyl acetate and observed by 
transmission electron microscopy. Numbers 1, 2 and 3 correspond, 
respectively, to DNA-filled phage particle, empty head and empty 
head with tail. Neck-tail complexes (number 4) can also be seen. 
Scale bars, 100 A. b-d, STM surface profiles from a parallel sample 
dried over graphite. Profiles in b probably correspond to scans 
along the head-tail axis of a DNA-containing phage particle. 
Profiles in c can be correlated with the expected flattened structure 
obtained after air drying an empty capsid without tail. Profiles in 
d can be interpreted as scans along the head-tail axis of an empty 
phage particle with tail complex, Note that the height of the 
flattened head in c and d (—70 À) is much smaller than in the 
case of the DNA-containing head shown in 5 (—200 À) whereas 
the height of the tails in Б and d is very similar (—75 A). 







































































Fig. 3 a, Electron micrographs of the upper collar of bac- 
teriophage $29. The upper collar protein of phage $29 was 
purified"? and dialysed against 0.2 M ammonium bicarbonate con- 
taining 0.1% glycerol to prevent destruction during the air-drying 
procedure. This sample was negatively stained with 2% uranyl 
acetate and observed by transmission electron microscopy. The 
collars appear as circular structures with a hole in the centre. 
Occasional side views show a dumbbell shape with a hole running 
through the centre of the neck (arrowhead). Scale bar, 100 A. b, 
STM surface topography curves obtained from a collar-containing 
sample deposited over graphite and air-dried. The scans show 
profiles of a structure (100A in diameter along the x-axis and 
80-90 A in height along the z-axis) that correlates with the collar 
structure inferred from the images shown in a (ref. 9). 


air-dried specimens, commonly observed in all electron micro- 
scope methods’, is also seen in the present experiments for 
empty viral heads (Fig. 2с, d). Repeated scans over the same 
area always showed very similar topography, implying that STM 
does not drastically alter the biological surface structure. 

The second sample studied by STM was the oligomeric protein 
structure that forms the upper collar of #29 (refs 8,9). Trans- 
mission electron micrographs of this oligomer showed a circular 
front view (135 À diameter) with a hole in the centre (Fig. 3a). 
Occasional side views showed that the oligomer has a dumbbell 
shape (125 À on height). The collar sample was dialysed against 
.2M ammonium bicarbonate (containing 0.1% glycerol) to 
remove salts and low-relative molecular mass components and 
then analysed by STM. 

Over a general flat surface, some series of scans were observed 
that could be correlated with the presence of the phage collars 
(Fig. 3b): the more characteristic feature is a structure — 100 A 
in diameter (x-axis) and 80-90 A in height (z-axis) showing a 
hole in the centre, which is in good agreement with the structure 
of this collar observed by transmission electron microscopy’ 
(Fig. 3a). 

Most of the pictures presented were scanned insufficiently in 
the y-direction, which prevents the observation of the entire 
object. This limitation resulted from the difficulty in controlling 
the piezo movement in the slow direction (y-axis), because both 
piezo relaxation and external scanning may have a similar value. 

We stress that we have obtained real corrugated structures in 
the STM of as much as 250A for an applied voltage of 0.4- 
© 0.8 eV, giving a tunnel current of 10 nA. Assuming an average 
tunnel area of 300 А?, as indicated by the experimental lateral 
resolution*, an effective tunnel resistivity of ~1 Q ст! is 
obtained. This resistivity is much too small for a single tunnel 
process over ~200 A. We propose a transport mechanism to 
explain the effective conductivity of the biological material 
analysed by assuming the existence of regions where the elec- 
‘trons tunnel (conduction levels higher than the kinetic energy 








of the electrons) and regions where they propagate (conduction © 
levels lower than the kinetic energy of the electrons). If such ^ 
regions of tunnelling and propagation of electrons exist in the 
specimen, electrons can easily move by percolating in the propa- 
gating regions, whereas resonant tunnelling in the tunnel regions 
can substantially enhance the conductivity over single tunnel 
processes. Calculations on one-dimensional disordered systems 
show an enhancement of the conductivity". We believe that 
both type of regions are provided by the different bonds and 
radicals existing in the protein of the biological material. More 
information will be provided in a forthcoming paper. 

In conclusion, our results show that STM can be used to 
determine the surface topography of air-dried untreated biologi- 
cal specimens at atmospheric pressure and room temperature 
without altering the material. Real-space three-dimensional 
topographic profiles giving a vertical resolution of the order of 
1 Á are obtained, which can be correlated in terms of size and 
shape with biological objects. In addition, STM can be used to 
determine the surface microstructure of other materials such as 
metals, semiconductors, thin films and polymers. The operation 
of the microscope at atmospheric pressure opens the possibility 
for investigation of the technological applications of these 
materials in such fields as metallurgy, microelectronics and 
catalysis. 
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Corrigendum 


High-affinity binding site for a specific nuclear 
protein in the human IgM gene 


L. Hennighausen, U. Siebenlist, D. Danner, P. Leder, D. Rawlins, 
P. Rosenfeld & T. Kelly Jr 
Nature 314, 289-292 (1985) 


Lines 8 and 9 of Fig. 3 should read “in the absence (lane 4) or 
presence (lane 3) of the”. 


Erratum 


Functional modifications of cytotoxic 
T-lymphocyte T200 glycoprotein 
recognized by monoclonal antibodies 


L. Lefrangois & M. J. Bevan 
Nature 314, 449-452 (1985) 


ON page 450, column 2, line 6 of the first paragraph should | 
read “... precipitated proteins with apparent M,s of 240,000 . 
(240K), 220K ...". | 
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BOOK REVIEWS 


Nuts with everything Е 


John Rivers 


Health or Hoax? The Truth about Bem Foods and Diets. 


By Arnold E. Bender. 


Elvendon Press, The Old Surgery, 3 Street, Goring-on-Thames, Reading, 


Berkshire, UK: 1985. Pp.184. £8.50. 


The Penguin Encyclopaedia of Nutrition. 


By John Yudkin. 
Viking: 1985. Pp.431. £14.95, $20. 


Diet-Related Diseases: The Modern Epidemic. 
‘By Stephen Seely, David L.J. Freed, Gerald A. Silverstone and Vicky Rippere. 
Croom Helm/Avi: 1985. Pp. 272. Hbk £19.95, $35; pbk £9.95. 


THE dilemma of nutrition is not merely 
caught in these three books; it is writ large, 
as six authors wrestle with what nutri- 
tionists do and do not know, and, more im- 
portantly perhaps, with what almost 
everyone else seems so certain about. Each 
book has a different aim, and a very 
different style, but they share a common 
constituency of the layman, the under- 
graduate and the professional in search of 
diversion. 

Professor Bender's book, a swingeing, 
shotgun attack on health foods and their 
purveyors, will clearly attract the greatest 
attention (an extract has already appeared 
in the Daily Mail). Although I have some 
reservations about it, a detailed dissection 
of health food mythology is long overdue 
and Bender provides this in a most enter- 
taining style. The message of the book is 
neatly encapsulated in his opening conten- 
tion, that there are no such things as health 
foods, there is merely an industry which 
sells them. Bender not only shows that the 
claims made for health food products have 
little or no scientific basis, he casts doubt 
on the motives, practices and business stan- 
dards of the industry, concluding briefly 
with his own recommendations for a good 
diet. All this is done with gusto, employ- 
ing a mixture of sarcasm, wit and his en- 
cyclopaedic knowledge of nutrition. But 
while I finished the book with my appetite 
whetted it was not satisfied: at times I was 
left wishing for more, or fuller, answers to 
some of the issues he raises, hoping that he 
might return to the attack at greater length 
after each skirmish; at others, in flat 
disagreement with some of his scientific 
assertions. 

One issue touched on tantalizingly, but 
not fully explored, is the nature of the 
health food movement itself. With ap- 
parent relish, Bender quotes the views of 
a colleague who describes it as compound- 
ed of both cranks and swindlers ‘‘bent on 
the commercial exploitation of the frighten- 
ed and helpless", and certainly he cites 
enough cases to demonstrate the existence 
of both. But there is clearly more to be said, 
as when he remarks that **many of the 
thealth-food] magazines are owned by the 
same organisations that' make and sell the 
health foods’’. This is indeed ‘‘more than 
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interesting’’ because through such 
magazines manufacturers can freely make 
claims that even the feeble British regula- 
tions would forbid them to publish in 
advertisements. The implication that the 
followers of the health food movement are 
encouraged in their views by a gospel of ar- 
rant nonsense, surreptitiously funded by 
manufacturers, is a worrying one. Here is 
a can of wholemeal worms that should have 
been opened wider. 

Though manipulation of information 
may in part be the reason for the rapid 
growth of the health food industry (turn- 
over has increased by 400% in Britain in 
the past decade, for example), it is not 
enough to account fully for its success. 
Bender briefly mentions other factors, such 
as the general hypochondriasis about food 
in our society, and the pervasive Western 
wish to believe in a Golden Age of dietetic 
innocence, when, guided by nature, we 
unerringly chose the diet of untarnished 
pastoral perfection. It is, I think, a pity that 
he did not examine more fully the reasons 
why we are so prone to these obsessions, 
and particularly the role that his (and my) 
profession has played in encouraging 
everyone to believe that eating should carry 
a government health warning. 

This is part of a general weakness in the 
book. In pointing out the error of the 
health fooders’ ways at such length, Pro- 
fessor Bender necessarily asserts continual- 
ly that the nutritionist knows best. This 
may be true more often than not, but 
sometimes he is unduly soft on scientists 
and complacent about what they have 
shown or done: When he states that ar- 
tificial sweeteners are safe because tests 
have not shown them to be harmful in 
human beings, or that ''apart from 
premature babies, extra Vitamin E does not 
have any value’’, there is a real danger of 
confusing particularly the lay reader not 
only about the nature of scientific proof 
but about the extent of a professional con- 
sensus on these issues. On the other side of 
the coin he sometimes quotes relatively 
weak scientific evidence as demonstrating 
a proven danger of health food products, 
as, for. example, in his listing of toxic 
effects of high doses of Vitamins C, В, 
and B,, where-the professional view (as 














evidenced by the other two books discuss- 
ed here) would be that there is no firm 
evidence as to the adverse effects of over- 
doses of these compounds. And while he 
pronounces long and loud about even 
putative cases of vitamin poisoning at- 
tributable to the advocacy of health food 
freaks, hé says nothing about the crop of 
deaths of children in Britain 30 years ago 
which resulted from professional nutri- 
tionists advocating too high a level of 
supplementation of infant foods with 
Vitamin D: a compound that, as he says, 
is more poisonous than cyanide. 

These remarks are not intended as a 
defence of the health food business or to 
detract from Professor Bender's well- 
justified attack on it. It is just that I regret 
what I see as unnecessary certainty in his 
tone because it lessens the force of his 
criticisms. It is particularly unfortunate in 
a book which ends with a chapter giving 
advice on a healthy diet. For what Pro- 
fessor Bender recommends is the current- 
ly fashionable recipe of low fat, low 
saturated fat, less sugar, less salt and more 
fibre. The sort of advice, in short, which 
not so long ago nutritionists were wont to 
ridicule when health food cranks propos- 
ed it. 

Such errors are inevitable in a science 
whose discoveries can be implemented so 
easily, and which has a public avid to hear 
of each whisper of a miracle. But that 
makes it necessary for its practitioners to 
consider carefully everything they say, par- 
ticularly when writing for the general 
public. To some Professor John Yudkin 
would seem an arch-offender against this 
precept, an eloquent voice who has put his 
views on the adverse effects of dietary 
sucrose to the public over the heads of his 
colleagues. In fact Yudkin has devoted very 
little of his working life to attacking 
sucrose. Far more of it was spent in devis- 
ing the first undergraduate degree in nutri- 
tion, a pioneering attempt to provide in a 
single course a perspective on the diverse 
disciplines — from cooking to physiology, 
economic history to chemistry — of which 
a nutritionist should be aware. In doing 
that he also fostered neglected areas of the 
subject, most notably the social and 
historical, that have suffered because many 
scientists (and, in Britain, the Research 
Councils) see nutrition simply as applied 
biochemistry. 

The Penguin Encyclopaedia of Nutrition 
is a reflection of this side of Yudkin's ac- 
tivities. It is a large book, but neither ex- 
haustive nor exhausting, and an amalgam 
of some truly nutritional entries and some 
plucked from the ancillary disciplines that 
Yudkin has always argued a would-be 
nutritionist must master. The entry on 
health foods jostles one on pH, gout is 
discussed, so is osmotic pressure, nutrient 
balance and locust beans. Necessarily much 
is missed out and it seems that Yudkin has 
frequently chosen to concentrate upon 
what interests him. There is a long entry 


on sucrose, of course, but much more on 
the history of nutrition, notably the suc- 
cinct biographies of many of the founders 
of nutritional science and the accounts of 
the food habits and nutritional impact of 
the Neolithic revolution. The air of relax- 
ed authority emerges in entries such as that 
on “Food”, which he calls “а word univer- 
sally used and presumably universally 
understood" but not susceptible of a ‘‘suf- 
ficient and necessary definition" before go- 
ing on gently to refute the slick definitions 
found in dictionaries. This a reference work 
to browse through and ruminate upon. It 
will be particularly useful to those who feel 
impelled to pronounce upon nutritional 
matters, among whom one might include 
the authors of the third book reviewed 
here. 

Diet-Related Diseases, a collaborative 
effort by an epidemiologist, an immuno- 
logist, a chemist and a clinical psychologist, 
is a refreshing book but suffers from three 
things. The first is the unevenness in style, 
predictable in a multiple-author volume. 
The second is the cover: a clichéd 
photograph of a collection of junk foods 
that fails to reflect the thrust of the book 
and suggests that the publishers did not ful- 
ly appreciate what their authors have tried 
to do. For in no sense is this book clichéd, 
nor is it particularly concerned to attack or 
defend junk food. What the authors do is 
set out what they see as possible roles for 
diet in many of the diseases of the affluent 
society, and to present both conventional 
and novel (and in parts highly idiosyncratic) 
analyses of this case. The core is a collec- 
tion of chapters by Stephen Seely which set 
out the evidence for a dietary role in arterial 
diseases and various cancers; on the 
periphery are chapters by his colleagues 
on food toxicants, food allergies, diet in 
mental illness, and diet and ageing. 

Seely 1s the author of a provocative series 
of papers in Medical Hypotheses which 
have tried to cast new light on the well- 
trodden field of diet and degenerative 
diseases chiefly by attempting a more 
thorough analysis of data on national diets 
and the prevalence data on diseases. While 
the evidence is set down in the book with 
commendable clarity, it is the very clarity 
which makes apparent the occasional, but 
important, misconception about the quality 
of the nutritional, and other, assumptions 
which underpin the arguments. 

Here lies the book's third and most 
serious fault. For example, Seely's analyses 
make great use of estimates of per capita 
availability of foodstuffs in various coun- 
tries, which he calls **food consumption 
data". They are not: the two may differ by 
some hundreds of calories and the 
discrepancy is a notorious source of error. 
He asserts axiomatically that '*a correlation 
coefficient of 0.9 denotes a degree of 
positive correlation when causal connection 
is probable". He suggests that the longevity 
of the human species is explained by our 
low level of energy consumption for our 
size. This is an arguable contention, but it 
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is presented in a way that suggests Seely is 
unaware of Rubner's work of a century ago 
which showed that human beings live four 
times longer than a comparative study of 
energy turnover would suggest, or of 
Flourens's (1856) “law of longevity” that 
lifespan of different species is about five 
times as long as the duration of the growth 
period, a generalization that does fit the 
human species. 

Such errors might yield to a more 
thorough training in nutrition and a respect 
for its historical background such as is to 
be found in Yudkin's Encyclopaedia. But 
though Seely’s theories would be better for 
greater nutritional sophistication, this fail- 
ing does not destroy the book. What 
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particularly recommends itself is not the 
correctness or otherwise of the authors’ 
specific views, it is an overall air of cau- 
tion, reasonableness and balance in their 
tone. Even when the writers are expoun- 
ding their own pet theories they sound more 
like judges than prosecutors. І hope they 
produce more books, because dispassionate 
commentators will be in demand as nutri- 
tion increasingly becomes a public health 
issue which is seen to require missionary 
zeal on all sides. Li 





John Rivers is a Senior Lecturer in the Department 

of Human Nutrition at the London School of 

Гути and Tropical Medicine, University of 
Hi a 





Biology at work 
Norman Carey 


Biotechnology and Genetic Engineering 
Reviews, Vols 1 and 2. 

Executive editor Gordon E. Russell. 
Intercept, PO Box 2, Ponteland, 
Newcastle upon Tyne/Scholium, 265 
Great Neck Road, Great Neck, 

New York: 1983/1984. Each volume 
pp. 450, £50, $79.50. 


AT THE moment that these volumes 
arrived on my desk for review I was in con- 
versation with one of my colleagues. “Оһ 
no”, he said, “not another one. There's 
too much being wntten about biotechnol- 
ogy these days." I suppose the comment 
could mean either that the topics have 
already been well covered elsewhere or that 
the speaker does not have time to read all 
that appears on the subject. Whether this 
series really is ‘оо much” depends on the 
objectives and whether they are achieved. 

The term *''biotechnology" was coined 
at the time of the revolution in thinking 
which was brought about by the arrival of 
recombinant DNA techniques. To many 
people it has come to mean the industrial 
application of recombinant DNA. Indeed, 
it does to some of the authors of articles 
in these volumes, as is evidenced by the use 
of the word (Vol. 1, p.231). Of course, 
although a new (or at least newly publiciz- 
ed) term, by any definition biotechnology 
covers a multitude of highly profitable in- 
dustrial activities which long pre-date the 
recombinant revolution. 

In his preface, the editor refers to this 
fact. He says that the articles are intended 
to cover biotechnology ‘п the widest sense 
of that word". He implies, however, as 
does the title of the books, that it is the ap- 
plication of recombinant DNA which is the 
unifying feature of the articles. If that were 
the intention, then I feel there would be 
some value in a series such as this. One is 
forced to conclude, however, that this can- 
not be the aim, since many of the contribu- 
tions scarcely mention in vitro recombina- 
tion. The first article їп Vol. 1, for exam- 


ple, ‘‘Applications of Biocatalysts to 
Biotechnology" (a few years ago this would 
have been called ‘Industrial Applications 
of Enzymes’’), mentions genetics and pro- 
tein engineering once, in the penultimate 
paragraph of the conclusions. 

Perhaps, then, ] have read too much in- 
to the title and preface. Maybe the series 
is intended to be a set of reviews on bio- 
technology and the title just has a high 
buzz-word quotient. In that case, the 
volumes should be judged by the quality 
of the articles and need for a review of each 
field. While there are a number of similar 
review series without a recombinant slant, 
this kind of duplication has not been a 
disadvantage in any other field. 

Most of the contributions are infor- 
mative and well written. However, there is 
an unnecessary degree of superficiality and 
repetition which a firm editorial hand 
should have dealt with. For example, three 
of the articles in Vol. 2 contain accounts 
of how to do cDNA and genomic cloning 
which are at once too slight to be of value 
to anyone who wishes to learn the techni- 
ques and too familiar to anyone with a 
degree in biochemistry. Such descriptions 
are now in the textbooks and do not 
belong in a series of “ир to the minute 
in-depth reviews", to quote the preface 
again. 

Librarians in industrial laboratories may 
subscribe to this series. But I think it like- 
ly that they will consider that scientists in 
their companies already know more about 
the topics in their own fields than these ar- 
ticles contain, and that they would have no 
reason to refer to such a wide variety of 
other subjects. However, libraries serving 
university departments of biochemistry and 
microbiology should have it. As general 
reading, most of the articles would be 
valuable to advanced and even first degree 
students; moreover, they do provide an ex- 
cellent picture of the breadth of applica- 
tion of their disciplines. This series shows 
biotechnology both as high-quality science 
and as an important and valuable industrial 
activity. n 





Norman Carey is Director af Research and 
Development at Celltech Lid, Slough, Berkshire. 


Biodata Handling with Microcomputers 


by AB Barlow 


Student's “© test, Mann Whitney U’ test, Wilcoxon signed rank test, 4-point assay with con- 
fidence limits, Spearman rank correlation coefficient, linear regression, Hansch analysis, enzyme 
kinetics by direct fit, radioimmunoassay, radioligand binding assay and much, much more d 


A manual giving the mathematical background to dozens of analytical methods in the biosciences, showing 
how they are transformed into (fully listed) BASIC programs, illustrated by worked examples 


Chapters include. Operating a computer; Some statistical programs; Line-fiting by least squares; Some applications 


to chemical ideas eg binding of drugs to receptors, Running other machines 


*. The combination of disk and book certainly add up to a useful elementary statistical package 


Manual vi + 261 pages (spiral bound) ISBN 0 444 80539 7 


> Nature 


Disk 5%" floppy disks (Apple IT [3 3 DOS), Apple [le —each 3 disks Commodore PET [40 or 80 col display, SD or DD, please specify] 
— l or 2 disks Commodore 64 (also available for Vic 20) — 2 disks IBM personal computer — 2 disks BBC Microcomputer [40 or 80 track] 


~2or 3 disks. 





Mathematics, Biology and Microcomputers by ANnBarrett 


Thuis book/disk package 1s aimed at both practnoners and students with an 
interest in methods for the analysis of biological data, modelling of biological 
processes and the determination of molecular properties 


The book provides both text and program listings, with detailed ` 
documentation and examples, written in BASIC for the Apple IT, IBM PC, and 
BBC microcomputers The programs can easily be transferred to other 
computers which also run BASIC The disk contains all the programs listed in 
the book. ! 

Chapters cover (I) Definitions and explanations of the BASIC statements used 
in the programs, (IT) Methods for solving non-linear equations and evaluations 
of polynomials, and sets of simultaneous linear equations Matrix computations 
including formation products and inversion Evaluation of determinants and 
solutions to sets of equations using Cramer's rule 


(III) Determination of molecular properties including computation of bond 
distances, angles and direction cosines, fitting of lines and planes to specified 
coordinates Coordinate systems and transformations Methods for rotation of 


. Structures about specified axes including graphics display of results and graphics 


representation of conic sections. Differential geometry and properties of helical 
structures (IV) Fitting of nonlinear curves to data including the parabola, 
hyperbola and exponential functions Numerical methods of integration which 
include the Trapezium, Simpson’s and Three-eighths rule. Calculations of 
volumes Statistical methods covering computation of means and standard 
deviations and evaluation of statistical distributions Numerical approach to 
the manipulation of sequence data using prime numbers 


Manual: vi + 102 pages (spiral bound) Й 
Disk. 51A" floppy disk (Apple П [3 3 DOS], [BBC 40 or 80 track], ІВМ PC) 





Statstream. by RBangham . 


STATSTREAM has at its heart a library of 76 procedures including data entry, 
graphing, text-windowing, statistical tests, function-fitting etc These can be 
used very simply by. , 

(1) Calling the helpful menu-driven Statpack, which enables a vanety of 
parametric and non-parametric tests to be done, after a single data entry 


(2) Using the 24 demonstration programs designed to teach the user all about 
statistics and fitting functions to data. Е 


(3) Wnung straightforward BASIC programs to incorporate the desired 
procedures 


STATSTREAM 1s usable by, and useful for, everyone from the beginner, new 
to statistics and computing, to the professional statistician or research worker 
who wishes to incorporate the elegant STATSTREAM procedures in his own | 
BASIC programs It is also a first class educational tool 


STATSTREAM comprises two packed 5 25" floppy disks for the Apple II 
series (which can be used with one or two drives) (3 3 DOS, min 48K 
RAM)plus a comprehensive manual 





Expert п by A. Rivers 


An easy-to-use sophisticated disk-based ‘Expert System’ for the IBM PC at an 
incredibly low cost. 


EXPERTA can be used to create and manipulate a knowledge base, which 
employs models of human reasofung or ‘artifical intelligence’ It draws on 
deductive and fuzzy logic, mulndimensional statistics and cognitive 
psychology The theory behind EXPERT 15 fully discussed in the 
documentation which accompanies the disk. 


EXPERTS offers a spreadsheet which enables the user to create files or 
‘domains’ each of which ıs made up of ‘elements’ which have ‘attributes’. These 
have ‘attribute values’. For example, in a domain called ‘People’, ‘Jane’ is an 
element One of her attributes is ‘Hair colour’ Jane has brown hair hence 
‘Brown’ is the attribute value 


Inferencing facilities in EXPERTS calculate and display relationships amongst 
the elements and attributes in terms of similarity and typicality. Any two, 
selected items can be compared in detail for their similarity and differences An 

example use would be to assist with diagnosis ofa group of diseases with similar 


symptoms 
Other potential uses of EXPERT are manifold, but to give the user an 
introduction to the program, rwo completed domains are incorporated on disk 
as examples | 


Package includes.’ 
Documentation + 54” floppy disk for the IBM PC 





TO ORDER 


Barlow: BIODATA HANDLING WITH MICROCOMPUTERS 
i) Manual (Pl ify Basic or Applesoft 
(i) Manual (Please specify Basic or Applesoft) US$30; UK £18 
(ш) Disks (please specify machine for which disks are required — see above) 
` US $50; ОК630 


Barrett: MATHEMATICS, BIOLOGY AND MICROCOMPUTERS 
Manual + disk (please specify Apple IT, BBC [40 or 80 track] or IBM) 
: US $36; UK £24 


Bangham: STATSTREAM 


Manual + disk for Apple IT US $99; ОК £66 
Rivers: EXPERT4 
Documentation + disk for [BM PC 

: US $99; UK£66 


Prices include postage & packing 


SEND FOR CATALOG - БЕПО FOR CATALOG - SEND FOR CATALOG - SENU FOR CATALOG 


Bulk purchase discounts available on application. 


Payment must accompany order, and may be made by 
1. Cheque: Made out to ‘Elsevier’ in pounds sterling or US dollars 


T 
B 


Reader Service No.04 . 


i , t 


2 Credit card: We accept AmEx, Visa and Access/Master Card/Eurocard. 
Please give card number. expiry date, issuing bank (af appropriate), the 
cardholder's name and address and signature 


PLEASE SEND ALL ORDERS TO: Elsevier-BIOSOFT, 68 Hills Road, Cambzidge CB2 ПА, UK 


Elsevier- BIOSOFT 
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TITLES IN BIOTECHNOLOGY FROM ACADEMIC PRESS 
Visit our Stand 48-55 at BIOTECH EUROPE, May 21 23, іп Geneva 


GENE MANIPULATION IN FUNGI 
J.W. Bennett and L.L. Lasure 
1985, c.552pp., In Preparation, ISBN. 0.12.088640.5 


This bookis the first on molecular mycology, a new hybrid discipline. The 
authors have emphasized the juxtaposition of several fields of inquiry 
which have been separated from one another by tradition, training, and 
organism. 

Meant to be a lasting reference that reviews existing data and provides 
the state-of-the-art for new molecular biology, this book will be of interest 
to plant pathologists, medical mycologists and others whose disciplines 
deal with fungi. 


SPECIAL PUBLICATIONS OF THE SOCIETY FOR 
GENERAL MICROBIOLOGY, Number 14 


MICROBIAL GAS METABOLISM: 

Mechanistic, Metabolic and Biotechnological Aspects | 
Edited by Robert K. Poole and Crawford S. Dow 

1985, 278pp., $55.00/£44.00 (UK only), ISBN: 0.12 561480.2 


This book discusses the biochemical basis of gas generation and 
utilisation by microorganisms, Exciting developments and new details of 
metabolic pathways and biochemical mechanisms are elucidated, 
emphasising, where appropriate, the commercial and biotechnological 
potential of such processes An introductory chapter dealing with the 
bioinorganic chemistry involved is provided at the beginning of the 
volume. Subsequent chapters are grouped into sections which cover the 
gases, oxygen, hydrogen, carbon monoxide, methane, nitrogen and its 
oxides, and the measurement of these gases by mass spectrometry. 


MONOCLONAL ANTIBODIES AGAINST 
BACTERIA 


Edited by J.L. Macario and E. Conway de Macario 
Volume | 
1985, 336pp., $45.00/£45.00 (UK only), ISBN: 0.12.463001.4 


This treatise is aimed at assembling seminal contribution in the field of 
bacterial immunology centred on monoclonal antibodies The contribu- 
tars are pioneers, and the contributions themselves are, for the most part, 
first attempts at reviewing data and publication in their particular restricted 


areas. One of the main purposes of the book is to provide in a single. 


reference work as much fundamental data as possible on generation, 
characterzation, and utilization of monoclonal antibodies against 
bacteria, and other monoclonal products (e.g., lymphokines) relevant to 
antibacterial immune responses. As such, this treatise should be regarded 
as a milestone, a place where some of those who were the first to generate 
and to work with monclonal antibodies against bacteria paused for a while 
and reviewed their original observations. 


Volume II 
Late 1985, In Preparation, ISBN. 0 12.463002.2 


SOCIETY FOR APPLIED BACTERIOLOGY 
TECHNICAL SERIES, Number 19 


MICROBIOLOGICAL METHODS FOR 
ENVIRONMENTAL BIOTECHNOLOGY 


Edited by J.M. Grainger and J.M. Lynch 
1984, 440pp., $65.00/£45.00 (UK only), ISBN- 0.12 295040.2 


This book describes the use of a wide variety of modern microbiological 
techniques in environmental protection and waste management. 
Environmental biotechnology is considered in a broad context, extending 
beyond sewage treatment to aspects pertinent to agriculture, food, and 
other manufacturing industries, and to the exploitation. of renewable 
resources of energy and materials 


CELL CULTURE AND SOMATIC CELL 
GENETICS OF PLANTS 


` Edited by LK. Vasil 


Volume I: Laboratory Procedures and Their 
Applications 


1985, 284pp., $85.00/£68.00 (UK only), ISBN: 0.12.715001.3 


"The first volume of this series from Academic Press deals with laboratory 
procedures in cell culture and somatic cell genetics of plants ... The 
contributors present helpful *how-to-do-it instructions with a good 
selection of important references. A wide range of practical methods 1s 
covered in 85 short, easily read chapters and Ше difficulty should be 
experienced in following most of the methods given.’ 

Nature 
Volume Il: Cell Growth, Nutrition, Cytodifferentiation 


and Cytopreservation 
Late 1985, c.284pp , іп Preparation, ISBN: 0.12.715002.1 


THE BACTERIA 


Volume VIII: A Treatise on Structure and Function 
Edited by C.R. Woese and R.S. Wolfe 


1985, 608pp, $85.00/£85.00 (ИК only), ISBN: 0.12.307208.5 


Contents: Biochernical Dwersity and Ecology of Archaebacteria: W.B. 
Whitman, Methanogenic Bacteria K.O. Stetter and W. Zillig. Thermo- 
plasma and the Thermophilic Sulfur-Metabolizing Archaebacteria. 
D.J. Kushner, The Halobacteriaceae. J. Hahn an P. Haug, Sedimentary 
Record and Archaebacteria Translation Apparatus of Archaebacteria: 
G.E. Fox, The Structure and Evolution of Archaebacterial Ribosomal 
RNA. R. Gupta, Transfer Ribonucleic Acids of Archaebacteria. A.T. 
Matheson, Ribosomes of Archaebacteria. F. Klink, Elongation Factors. 
General Molecular Characteristics of Archaebacteria: O. Kandler and 
H. Konig, Cell Envelopes of Archaebacteria. T.A. Langworthy, Lipids of 
Archaebacteria. W. Zillig, K.O. Stetter, R. Schnabel, and M. Thomm, 
DNA-Dependent RNA Polymerases of the Archaebacteria. A. Bock and 
О. Kandler, Antibiotic Sensitivity of Archaebacteria. М.Е. Doolittle, 
Genome Structure in Archaebacteria. C.R. Woese and R.S. Wolfe. 
Eptlogue Archaebacteria: The Urkingdom Each chapter includes 
references, Index. 


' A FEMS Symposia Publication 


MICROBIAL DEGRADATION OF 
XENOBIOTICS AND REACALCITRANT 
COMPOUNDS 

Edited by T. Leisinger, A.M. Cook, R. Hütter and J. Nuesch 
1981, 400pp , $69 50/£48.00 (UK only), ISBN. 0.12 442920.3 


Contents: Section Headings Part One. The Scope of the Problem. Part 
Two: Enrichment for and Genetics of Degrading Microbes. Part Three: 
Catabolism of Aromatics. Part Four. Pesticides. Part Five: Lignin, 
Detergents and Dyes. 


MITOCHONDRIA IN HIGHER PLANTS: 
Structure, Function, and Biogenesis 

R. Douce 

1985, 322pp., In Preparation, ISBN: 0.12 221280 0 


This book ts intended not only for research workers and students 

interested in the enzymology of plant mitochondria respiration but also for 

graduate and undergraduate students in the field of plant biochemistry, 

cell phystology, and molecular biology. The book may be useful as a 

soring point for those students wishing to pursue special studies in this 
e 
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TITLES IN BIOTECHNOLOGY FROM ACADEMIC PRESS 
Visit our Stand 48- 55 at BIOTECH EUROPE, May 21 -23, in Geneva’ 


FORTHCOMING... 


BASIC BIOTECHNOLOGY 55 ds 


Edited by J.D. Bu’ Lock and B. Kristiansen 


Tentative Contents: Introduction 'to Basic Biotechnology, J.D. Bu- 
‘Lock. Biochemistry of Growth ‘and Metabolism, С. Ratledge, 
Thermodynamics of Growth, J.A. Roels. Microbial Process Kinetics, 
C.G. Sinclair. Transport Phenomena and Bioreactor Design, M. 
Moo-Young, H.W. Blanch, Downstream — Processing in Biotechnology, 
G. Schmidt-Kastner, C.F. Golker. Sterilization and ‘Sterility, L.B. 
Quesnel. Microbial Soe: Selection and Strain Improvement, К.Р. 
Elander. /nstrumentation, В. Kristiansen. Microbial Biomass as. a 
Protein Source, J. Ca "К; Allerman. Industrial Alcohol, E.A. 
Jackman. Anaerobic Digestion, F.R. Hawkes, D.L. Hawkes. Organic 
‘Acids and Amino ‘Acids; J.L. Meers, Р.Е. Milsom. Enzymes as Bulk 
Products, М.Е. Goldstein.'Production and Purification of Fine Enz mes, 
J.W. Brewer. Production’ of Antibiotics, K. Corbett. Microbial 

ам, Pace. Brotransformations, C. Vezina. Genetic Engineering and Its its 
Application, K. Murray. Processes and Products Dependent on Cultured 
Animals Cells, R.E. Spier, Products from Plant Cells, MN. Fowler. 


A FEMS Symposia’ Publication 
OVERPRODUCTION. OF MICROBIAL 
PRODUCTS С 


Edited by V. Krumphanzel, B. Sikyta and Z. Vaněk ` 
1 982, 725pp., $75. 00/£52. 00 (UK only), ISBN: 0.12. 426920. 6 


Contents: Section Headings Part ! Physiological Manipulations. Part It 


Genetic Manipulations, Part Ш Biological Aspects of ‘Technological 
Manipulations. : 


AFEMS Symposia Publication 


FUNDAMENTAL AND APPLIED ASPECTS OF 
BACTERIAL SPORES 

"Edited by GJ. Dring, D.J. Ellar and G. №. Gould 
1985, In Preparation, ISBN: 0.12.222080.3 


Based on a joint FEMS- SAB meeting this volume comprises an 
impressive and up to date assembly of current spore related research. 
Contributions cover fundamental advances in the study of genetics, 
sporulation, resistance and the germination of spore formers. Particular 


consideration 15 given to applied research in the food and pharmaceutical 


industries, agriculture and medicine. 


The First Volume in the AMERICAN SOCIETY OF 
PLANT PHYSIOLOGISTS MONOGRAPHS Series 


PLANT PEROXISOMES 
- АНС. Huang, RN. Trelease, and T.S. Moore, Jr. 
1985, 252pp., $34 50/£28 00 (UK only), ISBN: 0.12.358260.1 


This unique volume is a lucid and.thorough illustration of the Significance 
of plant peroxisomes and their roles in plant physiology and metabolism. 
It describes and explains the various types of cytochernical tests used to 
define the function and distribution of these organelles in plant cells and 
reviews the Ыосһегпіса! and metabolic aspects of fungal and algal 
peroxisomes: Also included are a description of glyoxysomes in oil seeds, 
т, .апа algae; · ‘current information ‘on the, biogenesis - of plant 
peroxisomes; and‘ а. comprehensive discussion of the historical 


perspective on peroxisomal studies, The authors also discuss current _ 
research on fatty acid B-oxidation in animal peroxisomes and the. 


synthesis, intracellular transport, and packaging of peroxisomal proteins 
in both plants and anirhals. The book will be of interest to plant 
biochemists and physiologists, , ‘botanists, cell biologists and 
horticulturists. 
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‘Screening, 
` Pharmacologically Active Fermentation Products, R.L. Hamill: Target 


referenced and iode state-of-the-art report. 


` 


BIOACTIVE MICROBIAL PRODUCT. S1 


Search and Discobery 
Edited by J.D. Bu'Lock, L.J. Nisbet and D.J. Winstanley 


1982, 1. 48pp., $29.00/£1 9.50 (UK only), ISBN: 0.12.140750.0 


Contents: Introduction: Needs, Ways, and Obstacles to Discovery, J.D: 
Bu'Lock. Principles and Problerns of Selective Isolation of Microbes, 
S.T. Wiliams and E.M.H. Wellington. Culture Preservation and 
In5tability, A. Dietz. Design of Culture Media Capable of Provoking 
Wide Gene Expression, К. Hutter. Novel гартала to Metabolite 

H. Zahner, H. Drautz and Weber. Screens for 


Directed Antimicrobial Screens, 1.0. Fleming, L-J. Nisbet and S.J. 
Brewer. Inhibitors rs of Antibiotic- inactivating Enzymes, J.D. Hood. ' 


BIOACTIVE MICROBIAL PRODGCTS 2 


Development and Production 


Edited by L.J. Nisbet and DJ. Winstanley 

1984, 160pp., $25.00/£16.00 (UK only), ISBN: 0.12.519550.8. 
Contents: Current Strategies in Industrial Selection, R.T. Rowlands and 
1.0. Normansell. Protoplast Fusion in Commercially: Important 
Microorganisms, C. Ball. Metabolic Regulation of Antibiotic Bio- 
synthesis, Y. Aharonowitz. Gene Cloning as a Tool for Strain 
Improvement, J. Davies. Hereditary Instability of Recombinant DNA 
Molecules, S.B. Primrose, P. Derbyshire, I.M. Jones, M. Nugent and W. 
Tacon. Problems in Process Scale-up, M.D. Lilly. Design and Control of 
Fermentation Processes; M.T. Kuenzi and J.A.L. Auden. Economic 
Aspects of Industrial Fermentation, J.D. Stowell and J.B. Bateson. . 


FORTHCOMING... 
BIOACTIVE MICROBIAL PRODUCTS 3 


Downstream Processing 


GENETICS AND BIOTECHNOLOGY OF 
BACILLI 

Edited by. АТ. Ganesan and J.A. Hoch 

1985, 416pp., $41,50/£33.50 (UK only), ISBN: 0.12.274160.9 . 


This book is a collection of recent advances and research information in 
the field of Bacillus genetics and biotechnology. The results, obtained 


since a 1981 international conference by leading scientists, are presented 


on topics such as genetics, cloning strategies, plasmid vectors, phages, 


. Spores, and sporulation products. 


The interest in this field shown by participants from universities and 
leading biotechnology firms indicates that Bacilli may well emerge as the 
organisms of choice for genetic engineering. The collection will serve as 
an invaluable source for all biotechnology firms, university libraries, and 
microbiology, ‹ genetics, and biology departments. 


- 


' ANIMAL CELL BIOTECHNOLOGY 


Edited by R. E. Spier and J. В. Griffiths 


Volume 1 
1985, 344pp., In Preparation ISBN. 0.12. 657551. 7 


Volume2. . 
1985, 502pp., In Preparation, ISBN: 0.12. 657552,5 


Animal Cell Biotechnology is directed towards two groups of people. 

Those entering the field for the first time will find many details about how 
to’set up and operate cell cultures in a variety of ways and at scales ranging 
‘between 0.001 and 10;000 litres. Others who are already engaged in the 


. area will find that the comprehensive coverage of the selected topics 


written by experts in the various subjects will ‘provide them with а well 
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CHAPMAN AND HALL 


Chemistry Sourcebooks 


Bench-top reference volumes specifically 


tailored to the everyday requirements of 
individual researchers. 

Derived from the Dictionary of 
Organometallic Compounds, these ten 
Sourcebooks provide easy access to the key 
data on the most important and most useful 
organometallic compounds. 

Each Sourcebook contains compounds 
divided according to metal element: thus 
allowing individual researchers to carry the 
data relevant to their own specialization 
within just one or two volumes. 


Every Sourcebook has:- 
[ ] clear and concise dictionary format 
[ ] comprehensive and complete indexing 
[ ] anadditional structure index 


[ ] data on over 1000 organometallic 
compounds 


L] information derived from the acclaimed 
DOMC: 


[ | attractive bench/desk top presentation 


[| excellent value — you need only buy the 
information of direct reference to your 
research interests 


Each of the sourcebooks is of similar 
structure:- 
Preface; Introduction; Structure index; 
Entries in molecular formula order; 
Molecular formula index; CAS registry 
number index. 


The Sourcebooks are paperbacks 276 х 
210 mm in size, published in May 1985. 


Fora FREE full colour brochure, please 
write to:- 
The Promotion Department, Chapman and 
Hall, 11 New Fetter Lane, London EC4P 4EE. 
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Building for the 
scientist 


Michael Brawne 








Design, Construction and 
Refurbishment of Laboratories. 
Edited by R. Lees and A. F. Smith. 
Ellis Horwood/Halsted: 1984. Pp.375. 
£37.50, $79.95. 





LABORATORIES are among the most expen- 
sive and least permanent of buildings. Any 
attempt to increase awareness of the dif- 
ficulties in designing them must be welcom- 
ed, and must be seen as a contribution 
towards more satisfactory solution of an 
especially intractable building problem. 
Economics, of course, are often a decisive 
factor and it is at the same time especially 
important to keep the apparently high 
capital cost in perspective: as W.P. 
Horswell, one of the contributors to this 
volume, points out, the capital cost of a 
science department at a British university, 
calculated as an annual mortgage payment, 
is only 14 per cent of the running cost — 
86 per cent goes to recurrent costs — and 
is only 7 per cent if buildings and land alone 
are counted. This, however, is a relation- 
ship that rarely influences the decisions of 
universities and other institutions funding 
laboratory buildings. 

It was the aim of the editors, two scien- 
tists at the Laboratory of the Government 
Chemist in London, that the work of the 
40 contributors should build up into a kind 
of mosaic to cover a wide range of issues 
and enable the designer of a new or a refur- 
bished laboratory to avoid the major pit- 
falls. The foreword, moreover, suggests 
that the information should be widely rele- 
vant in both developed and developing 
countries. 

As might be expected, the 36 chapters 
which make up the book differ both in in- 
tention and quality. Many of them contain 
useful information, clearly set out; some 
deal with generalities, without in the short 
space available going beyond these; and a 
few do no more than to set out checklists, 
which may be helpful reminders to those 
who already know the answers but do 
little to transmit any knowledge. Few say 
anything original, but there are some 
surprises. For example, in his paper on 
safety, N.H. Pearce of Bristol University 
suggests that the accepted wisdom on fire 
escapes, enshrined in legislation and 
enforced by fire officers, may actually 
make conditions much worse by trapping 
smoke rather than allowing it to disperse. 

Nor 1s there necessarily unanimity among 
the contributors. As in science itself there 
will always be different views of what is 
most appropriate in a laboratory building. 
Not only are the final decisions invariably 
the upshot of a set of value judgements 
made by the designer, but laboratories are 
continually changing to reflect advances in 
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scientific and technological research and to 
house the new equipment best suited to that 
research. Developments of the recent past 
have resulted in a drift towards opposite 
ends of the scale; towards very large equip- 
ment, as in radioastronomy or nuclear 
research institutions such as CERN, or 
towards miniaturization. A common fac- 
tor, however, is that many controlling, 
measuring and recording instruments are 
in some way dependent upon computer 
technology, yet little of that impact 1s des- 
cribed 1n the book. At an elementary level, 
for example, the use of visual display units 
has serious implications for lighting but no 
mention of this is made in the pertinent 
chapter. 

A number of the issues covered — on 
flexibility and adaptability, on safety, on 
the choice between conversion of an old 
building or construction of a new one, on 
reliability principles or building appraisal 
in use — have clear application to other 
building types and are thus of general 
interest. Some of the more particular 
discussions also have relevance beyond 
laboratory design since a number of other 





types of building — for the manufacture 
of electronic components or the processing 
of food — may well need much the same 
conditions. Thus, for all its failings, the 
oook should have appeal beyond those 
principally concerned with laboratories. 
It should never be forgotten that a 
laboratory is not only a place of work but 
is a kind of home for a large number of 
people. In the conversations 1 have had 
with scientists in both the physical and the 
life sciences for whom I have designed 
laboratories, the final and most searching 
questions were always about **what will it 
be like to be there?"'. It is assumed that 
there will be enough fume cupboards or 
adequate electrical screening; what is dif- 
ficult to pin down and capture is that 
elusive sense of place. The book says 
nothing about this. Perhaps the editors felt 
that ıt was unimportant or outside their 
mandate; so, unfortunately, have too many 
others who have been responsible for 
laboratory buildings. Г] 


Michael Brawne ts Professor of Architecture at 
the University of Bath. 





Ways to deal with 
discrete data 


P.W. Hawkes 


Digital Image Processing Techniques. 
Edited by Michael P. Ekstrom. 
Academic: 1984. Pp.372. 

$49.50, £40. 

Applications of Walsh and Related 
Functions: With an Introduction to 
Sequency Theory. 

By K.G. Beauchamp. 

Academic: 1985. Pp.308. $55, £33.50. 





MANY books have now been published on 
image processing, ranging from full-scale 
treatises to multi-author texts on certain 
specialized topics. Ekstrom's volume 
repeats much material already presented in 
more detail elsewhere, but it aims to meet 
a need not yet specifically catered for: how 
can an outsider know which of the many 
branches of image processing he ought to 
study in depth to solve his particular pro- 
blem, and what hardware and software is 
already available? This is indeed a problem, 
for the introductory volumes are thick and 
the advanced ones incomprehensible to the 
uninitiated. 

Ekstrom has invited a distinguished team 
to contribute short accounts of most of the 
main themes of image processing, from 
which the reader can rapidly grasp what the 
methods are capable of doing and whether 
they might be of use to him. The chapters 
cover enhancement, restoration, detection 
and estimation, 3-D reconstruction, coding, 
spectral estimation and analysis, and a 
longer concluding contribution surveys ar- 
chitecture, display hardware, software and 





the various systems. This should therefore 
be regarded as a guidebook rather than a 
textbook, and as such it is extremely 
successful. 

Image processing is the subject of one of 
the chapters in Beauchamp's new book on 
discrete functions, which conveniently 
brings together much scattered material, 
but which, owing no doubt to this diversi- 
ty, is very uneven. The opening chapters 
on the functions and transforms themselves 
are clear and full, including many in- 
teresting details about such important ques- 
tions as the problem of shift-variance and 
the conversion from one transform to 


! another. 


The second half of the book, in which 
applications as various as seismology, 
medical signal processing, image enhance- 
ment and restoration, non-sinusoidal elec- 
tromagnetic radiation and minimization of 
logic functions are discussed in 120 pages, 
1s much less satisfactory. In some cases the 
text provides a good introduction to the 
more detailed literature, but in others the 
treatment is so inadequate that omission of 
the topic would have been the better course. 
Section 6.3.3 on image restoration occupies 
barely one page, for example, and, still in 
Section 6.3, it is not much use to be told 
that ‘‘optical .. images [аге] always 
positive quantities and therefore do not 
obey completely normal statistical opera- 
tions". Conversely, the four pages on 
nonlinear applications of signal processing 
do succeed in conveying the originality of 
Walsh functions. This, then, is a useful 
book, but one which could have been much 
better. o 


P.W. Hawkes is Maitre de Recherches at the 
Laboratoire d’Optique Electronique du CNRS, 
Toulouse. 
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| The Amphibian Ear | 


Ernest Glen Weve 


This comprehensive work 
on the amphibian ear con- 
tinues the examination of the 
nature and evolutionary 
development of the vertebrate 
ear begun in Ernest Glen 
Wever's earlier book, The 
Reptile Ear Professor Wever 
studies the structure of the 
ear and its functioning as a 
receptor of sounds in all 
amphibian species (139] for 
which living representatives 
could be obtained Structure 
1$ revealed by gross dissection 
methods and the microscopic 
examination of serial sec- 
tions, functioning is shown by 
general behavioral observa- 
tions, particularly by the 
recording of electrical poten- 
tials produced by the auditory 
hair cells in response to 
sounds $65 00 








Now Available in Paperback 


A Geological 


Miscellany 


Compiled by G Y Craig and 
E J Jones 


‘This book is the finest piece 
of light reading in geology I 
have ever encountered! 1 
recommend A Geological 
Miscellany without reserva- 
tion as a book that will bring 
both enlightenment and 
enjoyment" 

—Ellis L Yochelson, Geology 


$7 95 Not for sale т the British 
Commonwealth, except Canada 


Colour 
Why the World Isn't Grey 
Hazel Rossott 


Why do pebbles look 
brighter when wet? Is there a 
"right order in which to 
arrange a set of colored 
crayons? Why do some 
clothes change color when 
ironed? What are the colors 
you see when you press your 
eyes? To answer these and 
other questions, Hazel 
Rossott: uses scientific basics 
— matter, energy and eye 
structure— to discuss the 
colors of the natural world, 
the mechanism of color 
vision, and a range of color 
technology from ceramics to 
television Р $895 C $32 50 
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Vision as a guide to 
action 


Stuart Sutherland 


Visual Perception: Physiology, 
Psychology and Ecology. 

By Vicki Bruce and Patrick Green. 
Lawrence Erlbaum: 1985. Pp.369. Hbk 
£26.95, $39.95; pbk £8.95, $14.95. 








IN THE edifice of visual psychology are 
many mansions. Most textbooks on the 
subject describe only the more convention- 
al ones — colour vision, the visual illu- 
sions, visual after-effects, flicker, perspec- 
tive, adaptation to wearing prisms and so 
on. In Visual Perception Vicki Bruce and 
Patrick Green ignore these hoary topics 
and present instead some of the exciting 
new developments that have taken place 
over the past 20 years. Their book is 
unusual: it provides almost the first 
elementary account of the use of computer 
simulation to further our understanding of 
vision (rightly relying mainly on the work 
of David Marr); it devotes many pages to 
vision in insects; and rather than concen- 
trating on how visual sensations are 
produced or visual recognition achieved, it 
examines in some detail how vision can 
guide action. 

For good measure, the authors throw in 
a useful and up-to-date account of the 
neurophysiology of the visual system in- 
cluding a description of X, Y and W cells, 
of whose elusive properties nobody has yet 
succeeded in making sense. They write and 
argue clearly, and, as a supplement to 
existing textbooks or as an introduction to 
an advanced course on vision, the book will 
be invaluable; it could also be helpful to 
workers in other scientific disciplines who 
want to learn about recent developments in 
vision. ; 

There are, however, a few faults, some 
of which arise because topics are not dealt 
with in sufficient breadth. For example, in 
describing how lines and edges are ex- 
tracted from the image to achieve Marr's 
“primal sketch’’, Bruce and Green should 
have attempted to motivate the reader by 
giving the reasons why this is, rather sur- 
prisingly, a very difficult thing to do; or 
again, they describe Marr and Nishihara's 
méthod of representing objects for the pur- 
pose of recognition without attempting to 
evaluate carefully how far it fits in with our 
current knowledge of the visual system; 
and their account of scene analysis is so 
condensed that the uninformed reader will 
have difficulty understanding what it is all 
about. Moreover, several of their diagrams 
are completely wrong (for example those 
on pages 76, 131 and 264) and will puzzle or 
mislead the unsophisticated. 

A more debatable feature is the attention 
paid to the ideas of J.J. Gibson, who 
believed that the dynamic visual image con- 
tained invariants that specified what was 





present in the environment, and that these 
invariants were ‘‘picked ир”! directly by the 
eye with no underlying computational or 
inferential processes. The view is so silly 
that it is not worth taking seriously. Gibson 
was of course correct in believing that the 
starting point for what we see is the visual 
image, but who has ever doubted that? One 
example of an invariant is horizontal 
disparity between corresponding parts of 
the image on the left and the right eye: this 
disparity yields stereoscopic depth. But 
when we examine how disparity is actually 
detected and used, it turns out to be ex- 
tremely complicated; despite much com- 
putational work on stereopsis over the past 
few years, there is still no theory that is 
completely adequate. 

The same is true of most other in- 
variants. Nor does one have to have read 
Gibson to understand that the time at 
which an object approaching at a constant 
speed will collide with someone's head can 
be derived from the expression dí/ds, 
where s is the angle subtended at the eye by 
any two points on the object, and £ is the 
time of observation. As the authors point 
out, a more elaborate expression yields the 
hit-time for an object that is accelerating at 
a constan: rate. Both the insect and the 
human brain almost certainly make use of 
formulae like these, the former for landing, 
the latter, among other things, for driving 
across busy intersections without collision. 
The use that organisms make of such in- 
variants is fascinating and is spelt out in 
detail in the present book, but the formu- 
lations owe little or nothing to Gibson’s 
ideas (which, after wasting much space on 
them, the authors are in any case eventually 
led to reject). 

This misplaced emphasis on Gibson 
apart, Bruce and Green have written 
an interesting and pleasingly idiosyncratic 
book. If you want to know why sheep dogs 
can be trained to round up sheep, you will 
find the answer here, just as you will find 
answers to many other rarely discussed 
questions. And it is salutary to have a 
textbook that stresses that vision is a guide 
to action and not merely a device for pro- 
viding a picture of the world in one’s 
head. o 


Stuart Sutherland is Director of the Centre for 
Research on Perception and Cognition at the 
University of Sussex. 
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‘HPTLC pre-coated plates NH, Е,;, c 


A medium-polar layer 
with weak basic ion exchanger 


properties 


These pre-coated plates 
are, inter alia, particularly 
suitable for separating: 
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Separation of carboxylic acids*): 
HPTLC pre-coated plates NH» F254 « td 
(15647) КУТ 


1 Pyromellitic acid — 10m 


i 2 Benzene-1,2,3-tricarboxyhc of 


аса. each 
3 Senes" 1,2 4-ticarboxylic n 


Оті 
4 Phthalic acid 
5 Benzoic acid 
Applied volume: 300 nl 
Eluent:. 0.18 mol/l NaCl іп ethanol/ 
ammonia solution (60/40) 


' Migration distance: 5 cm 


Normal chamber without chamber 
saturation UV 254 nm, 
CAMAG TLC/HPTLC scanner 


Н 


х) W. “Jost, H. E. Hauck, E Chromato- 
granit 201, 261, 235-244 (1983) 


Carboxylic acids 
Nucleotides 
Phenols 

Purines 
Pyrimidines 
Sulfonic acids 


Please ask for our 
brochure. 
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CONFERENCE, please return this 
form with your payment to: 
DEBORAH JONES, Conference 
Administrator, Macmillan 
Conferences & Exhibitions, 4 Little 
Essex Street, London 

WC2R 3LF, U.K. 
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Address _ 
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go oKIN 
Please tick appropriate boxes 

C11 wish to make a firm reservations 
for the full duration of the 
conference at £195.50 
(£170-- VAT) 

Cl wish to make a firm reservatione 
for — days at £85.10 
(£74-- VAT) per day. . 

| wish to attend on 

О Tue O Wed 

[1I wish to attend the Conference 
Dinner at £18 (£15.65-- VAT) 
per person. | : 


O Thur* 





О My cheque for — made 
payable to Macmillan Journals is 
enclosed ` 


О Please charge my 








О AMEX О VISA 
nET MASTERCARD 
Account No. . 
Expiry date 
Signature 





О Please bill my organisation 
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contact name if different from 
above). | . 
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Phosphoramidites e 


*Now available in our 
SPS GRADE range of 
specially purified 
reagents for solid phase 
DNA synthesis. 


*Chromatographically 
purified 

*31P nmr checked 

*Synthesis tested 


*SPS GRADE - Sr 
the ultimate standard 

of purity for-solid phase 

DNA synthesis | 

Й "Chromatographically 

purified — p 


: *Synthesis tested 
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Putting the technology into biology 


Recent entrants onto the expanding ‘biotechnology market’ include sophisticated computerized 
systems for monitoring fermentations. 


@ A new all-glass bioreactor from Astra 
Scientific has been designed specifically for 
cell culture applications. Working volume 
is 10 litres (20 litres total), and the vessel 
has a hemispherical bottom and is dimen- 
sioned to provide the optimum 1:1 height 
to depth ratio required in this application. 
The vessel is completely jacketed up to its 
maximum working volume capacity for 
accurate temperature control. Two impel- 
lers provide gentle agitation, and accurate 
speed is assured through the use of a tacho- 
meter and feedback control loop. 
Reader Service No. 100. 
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SGI's all-glass bioreactor is marketed by Astra 
Scientific in the United States. 

€ Monoclonal antibody scale-up is among 
the services offered to the biotechnologist 
by Celltech. Celltech specializes in bulk 
antibody production having the facilities to 
produce monoclonals in kilogram quan- 


tities. Celltech is also active in the business | 


information field — Abstracts in BioCom- 
merce is a commercial news index available 
as an on-line computer database. 
Reader Service No. 101. 

€ The new Dako catalogue for 1985 per- 
mits easy location of any one of over 400 
antisera, purified proteins and im- 
munohistochemical staining kits — in- 
cluding monoclonal and polyclonal an- 
tibodies. Recent additions include a new 
line of fluorescein- and peroxidase- 
conjugated F(ab'), fragments of an- 
tibodies. A FITC-conjugated F(ab’), rab- 
bit antibody against mouse immuno- 
globulins is useful in screening for im- 
munoglobulin production in hybridoma 
cultures. 

Reader Service No. 102. 
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For recovering DNA fragments from gels, the 
DNA-3 Max-Yield. 

€ The DNA-3 Max-Yield system, now 
available from Genetic Research 
Instrumentation, has been designed speci- 
fically to recover DNA fragments from 
electrophoresis gels quickly with high yields 
and no further nicking of the fragments. 
Up to 98% of each band fragment may be 


recovered and the system may be used as | 
ADVERTISEMENTS 


a purification procedure or for DNA re- 
covery for further experimental assays. The 


DNA-3 will process up to three samples | 
simultaneously and is complete with its own | 


power supply, tube rack and microelec- 
trodes. Gel fragments are placed within a 


| special holder which in turn is placed within | 


а 1.5 ml microcentrifuge tube. Between 200 
and 500 ul of buffer is added to each tube 


| and ice is added to the tube rack in which 


the tubes are resting. A pair of micro- 
electrodes is lowered into each tube, one 
either side of the gel fragment, and voltage 


is applied. At a voltage setting of 20 volts, | 


DNA will be removed from the fragments 
within 15 to 20 minutes. 
Reader Service No. 103. 
€ A four-page bulletin describing Pall 
Biodyne ImmunoAffinity Membrane, a 
solid support for immobilization of anti- 


bodies and antigens, with particular appli- | 
cation for use in immunodiagnostic test 


procedures, is available from the 
Biotechnology Division of Pall Ultrafine 
Filtration Corporation. Suggested proto- 


| cols are provided for immobilization and 


binding of monoclonal or polyclonal anti- 
bodies and antigens to the membrane by 
wetting, immersion or perfusion. Protocols 
for the blocking of nonspecific protein 
binding to Biodyne ImmunoAf! finity mem- 
branes are also discussed. The membrane 
is available in precut disks, squares, car- 
tridges and roll form. It is offered in two 
standard pore sizes: 0.1 and 0.2 um, but 
other pore sizes can be ordered. 

Reader Service No. 104. 








@ Bacteriophage T7 gene 6 exonuclease, 
a 5'-3' exonuclease with a strong pre- 
ference for double-stranded DNA, is now 
available from United States Biochemical 
Corporation. Its catalytic mechanism 
allows it to be used for controlled digestion 
of DNA in both analytical and preparative 


experiments. The exonuclease is available — 


in packages of 2,000 or 10,000 units; each 
unit is enough enzyme to release 1 nmol of 
acid-soluble nucleotide in 15 min at 37°С. 
Reader Service No. 105. 

€ Cross-reactivity with both human and 
mouse immunoglobulins has been virtually 
?liminated in Tago's expanded line of goat 
antibodies to rat IgG (H and L chains). 
Tago conjugated anti-rat IgG products are 
designed for use as a second antibody with 
rat monoclonal IgG in indirect immuno- 
assays and histochemical staining. They are 
especially suitable for ELISA and flow cy- 
tometry. The range includes conjugates 
with fluorescein, lissamine rhodamine, 
horseradish peroxidase, alkaline 
phosphatase, fi-galactosidase, or biotin. 
Reader Service No. 106. 









SINGER 
MICROMANIPULATER 
MK Ill 
Patented 










Perfect control in 3 Dimensions from a 

single joystick. Continuous variable 

reductions to suit all magnifications. No 

after sales maintenance needed 

Details from: 

Singer Instrument Co. Ltd., 
rough Lodge Roadwater, 

Watchet Somerset TA23 0QL 

England. Tel. (0984) 40226 Telex: 

492 Comcab G. 
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Consciousness 
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The LH Fermentation 2-litre airlift fermenter. 


@ A new 2-litre airlift fermenter that will 
be ideal for monoclonal antibody produc- 
tion, media optimization and other similar 
applications is available from LH Fermen- 
tation. Based on a 2-litre total volume glass 
vessel, the fermenter has a working volume 
of 1,700ml with a removable glass draught 
tube and a stainless-steel top plate. This has 
ports for oxygen and carbon dioxide 
electrodes and other sensors. Temperature 
control is via thermostatically controlled 
vater circulated around a jacket on the 
glass vessel; agitation is achieved on the 
standard unit by the *'air-lift'' principle 
with a glass sinter providing the gas disper- 
sion. Also from LH Fermentation is a new 
microprocessor-based fermentation control 
package which can monitor eight para- 
meters in single or multiple fermentation. 
Reader Service No. 107. 
@ Four new restriction enzymes have been 
added to Boehringer Mannheim's line of 
premium enzymes — Asp700, Banl, Ddel, 
and Ncol. Asp700 is an isoschizomer of 
Xmnl. Another recent introduction from 
Boehringer is a ribonuclease inhibitor pre- 
pared to high quality for molecular bio- 
logy. The preparation is supplied with a 
volume activity of 10-50 units per pl. It is 
checked for the absence of endonucleases 
and nicking activity. 
Reader Service No. 108. 





Quality 


Bio-Yeda is a world leader in cytoskeletal protein antisera, mon 
to human immunoglobulins and IgG subclasses, antisera to hormones and drugs, and much more 
Bio-Yeda: an internationally recognized source for immunochemicals ‹ of the highest quality 


bioyeda 


Serving Science and Medicine 
Bio-Yeda Ltd. Kiryat Weizmann, 76326 Rehovot, Israel Tel: 08 470425, Tlx: 361930 MrYED I 
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PRODUCT REVIEW 


e Promega Biotec’s Protoclone GT 
system allows the cloning and expression 
of a DNA insert in one day. Protoclone GT 
is a lambda gtll cloning and expression 
system which is particularly useful in the 
construction of cDNA libraries. It achieves 
high cloning efficiencies and a high 
percentage of insert-containing clones. And 
for RNA probe synthesis, Promega Biotec 
has introduced Riboprobe Gemini, a 
system allowing selective synthesis of RNA 
from either DNA strand following a single 
plasmid construction. Riboprobe Gemini 
produces useful plasmids for probe 
synthesis regardless of the insert orienta- 
tion. The kit consists of: (1) two specially 
prepared RNA polymerases, bacteriophage 
SP6 polymerase and T7 polymerase; (2) 
two plasmids, each containing SP6 and T7 
promoters flanking a multiple cloning site; 
(3) positive control transcription template. 


Reader Service No. 109. 





North, south or west, Turbo Blot makes blotting 
simpler. 


ө The American Bionuclear Turbo Blot 
filter processing system is the first device 


of its kind to handle the set-up and washing | 


of Southern, Northern and Western blots. 
Hybridization and antibody binding re- 
actions are quickly and safely performed, 
without need of a heat sealer, via a dispos- 
able pouch system. Probe reagents are con- 
veniently added and removed from the 
pouch by means of a syringe. Blots are 
washed in minutes in a vacuum-wash 
system providing backgrounds typically 
lower than with manual processing. 
Reader Service No. 110. 
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e New Plant Products, the first trading 
activity of Agricuitural Genetics Company, 
has published a new leaflet describing their 
range of rhizobium inoculants for legumes. 
NPP produces a high quality product based 
on sedge peat containing strains of rhizobia 
specially selected for their nitrogen fixing 
ability from the extensive collection of 
rhizobia held at Rothamsted Experimental 
Station. The basic range covers all the 
legume crops grown in Europe and NPP 
can also supply inoculants for use in the 
tropics, and for the more unusual legumes 
used for reclamation work. Agricultural 
Genetics Company was set up to make use 
of the fruits of the Agricultural and Food 
Research Council's plant biotechnology re- 
search programme. 

Reader Service No. 111. 

ө New from Systec Inc. is 1/2 um phos- 
phoramidite synthesis software for the 
Microsyn-1450A automated DNA 
synthesizer. The Microsyn-1450A syringe 
delivery system permits the addition of just 
7.8 mg of phosphoramidite base per syn- 
thesis cycle. The quantity of CPG support 
is also halved in this new synthesis program 
(approximately 20 mg per synthesis). The 
1/2 um software does not compromise 
either coupling reaction efficiency 
(98.5-99.5%) or cycle time (6.25-7.5 
minutes). It is available for use with either 
O-methyl di-isopropyl or fi-cyanoethyl di- 
isopropyl phosphoramidites. 

Reader Service No. 112. 

e Dianorm's Liposomat achieves the 
reproducible preparation of uniformly 
sized unilamellar liposomes (formed within 
just 10 minutes) with very high encapsula- 
tion efficiency for both hydrophilic and 
lipophilic agents. The liposome size is 
selectable between 25 and 600 nm diameter, 
with a lipid loss of less than 1%. Sample 
volume is normally 5-10 ml but can be up 
to 200 ml if the Liposomat is used with 
other apparatus. The Liposomat is especi- 
ally suitable for studying 
drug/protein/cell—liposome interactions 
in vitro and in vivo, for reconstitution 
experiments, and for the transfer of genetic 
material in gene- and biotechnology. 
Reader Service No. 113. 
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@ Several new hybridization probe DNAs , @ Seraclone fetal calf serum is specially 
have been added to the Oncor range. These | selected for its ability to support the growth 
highly purified, sequence specific DNA | of mouse hybridoma and/or myeloma cells 
fragments are designed for use in nick- | in limiting dilution cloning in microtitre 
translation reactions and for the detection | plates at 1 cell per well. Only those fetal 
of oncogenic sequences by nucleic acid | calf sera which support cloning efficiencies 
hybridization. The new probes include | of + 100% as predicted by Poisson 
DNAs to detect the following sequences: | distribution frequencies are given the label 
abl, Alu, erb-1, fes, sis and src. Also | Seraclone. Available from Sera-Lab of 
available are antibodies to src and epider- | Crawley Down in Sussex, this new grade 
mal growth factor receptors. The probes | of fetal calf serum is suitable for 
are supplied in a kit containing control | all phases of monoclonal antibody 
Monoclonals in cartoon form. DNAs. Technical data sheets are available | production. 

€ A layman’s explanation of monoclonal | on request from the UK distributors, | Reader Service No. 118. 
antibodies is now available on videocassette | Stratech Scientific Ltd in London (tel. 01 | @ The latest edition of the Serotec 
from Hybritech Europe. The video, entitl- | 354 2601). catalogue of monoclonal and polyclonal 
ed ‘Тһе Monoclonal Antibody Revolu- | Reader Service No. 116. reagents has many new additions including 
tion”, presents in cartoon form (1) The sheep anti-human antisera to complement 
fundamental principles of the immune reac- proteins, thyroid hormones, coagulation 
tion; (2) how antibodies can be used for factors, serum proteases and inhibitors, 
medical purposes; (3) the difficulties en- conjugated to FITC, TRITC, peroxidase 
countered with ‘‘polyclonal antibodies"; and alkaline phosphatase; purified 
(4) the breakthrough represented by monoclonal antibodies to immuno- 
monoclonal antibodies; (5) immediate globulins, serum components, MHC an- 
medical applications; (6) near-term future tigens and leukocytes; and mouse and rat 
potential. monoclonal antibodies to MHC antigens 
Reader Service No. 114. and immunoglobulins. Serotec has 
€ Two new monoclonal antibody established a network of distributors in 
purification systems (MAPS) utilizing af- Australia, Denmark, Greece, Ireland, Ita- 
finity chromatography and hydroxylapatite ly, Israel, Japan, New Zealand, Portugal, 
(HPHT) have been introduced by Bio-Rad. Spain, Sweden, Switzerland, Taiwan, The 
Affi-Gel protein A MAPS makes use of a Netherlands, West Germany, Korea and 
column matrix of protein A crosslinked to Canada and is in final negotiations with 
garose beads. When used with specially Four individually-controlled shakers make up the companies in the United States. 

ptimized MAPS binding, elution and Bioengineering Associates environmental control | Reader Service No. 119. 
regeneration buffers, Affi-Gel protein A | cabinet. @ Clontech now has cDNA libraries 
has a binding capacity for mouse IgG, | @ Bioengineering Associates Inc. has | available for researchers. These libraries 
from ascites fluid that it is 8-10 times higher | introduced an environmental control | are prepared from human, rat and mouse 
than that attainable by published methods. | cabinet containing four individually con- | tissues, from various cell lines, and there 
Affi-Gel protein A is also ideal for purify- | trolled shaking units. The flow of air | isalsoa yeast genomic library. The vectors 
ing human immunoglobulins, with a bin- | guarantees uniform distribution of tem- | are lambda 2110, gtll and pBR322. 
ding capacity of 20 mg of purified IgG per | perature, gaseous mixtures and humidity. | Reader Service No. 120. 

ml of gel. HPHT-MAPS can be used in a | Shaker heights are adjustable, allowing dif- | @ MicroGenie from Beckman Instruments 
dedicated hydroxylapatite HPLC system | ferent shakers to be run with various size | is a software program which can collect, 
for separating monoclonal antibodies from | flasks; as well as a variety of speeds | analyse and compare nucleic acid and pro- 
usual contaminants, such as albumin and | between 10 and 400 r.p.m. The temperature | tein sequences. MicroGenie can be used by 
transferrin, as well as other contaminating | range is approximately 15°C below room | the computer novice, guided with simple 
immunoglobulins. Using the HPHT- | temperature to 80°C with + 0.2°C | menus. It can analyse sequences of up to 
MAPS system, mouse monoclonal an- | accuracy. Magnetic drive ensures silent 60,000 nucleotides, enough for bacterio- 
tibodies can be ultra-purified regardless of | vibration-free running, without the need to phage lambda or adenovirus. The memory 


























class or sub-class. anchor the four units. | stores up to a million nucleotides. 
Reader Service No. 115. Reader Service No. 117. Reader Service No. 121. 
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Bio-Yeda's consistently reliable reagents help scientists achieve exceptionally specific 


and reproducible results—time after time. Bio-Yeda: an internationally recognized source for 
immunochemicals of the highest quality. 


bioyeda 


Serving Science and Medicine 
Bio-Yeda Ltd. Kiryat Weizmann, 76326 Rehovot, Israel. Tel: 08 470425, Tix: 361930 MIYEDI 
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J MON СІКЕГ 
STOPPED FLOW 





dead time as short as 4 millisecond 
for measurement of fast reactions. 
Gas pressure is directly applied to 
the surface of the reactants in each 
reservoir, mixing and flow being 
controlled from the end of the 
system by a high-response stop 
valve. The RA-401 STOPPED 
FLOW SPECTROMETER is the 
ideal match for fast reactions. 





The RA451 DATA PROCESSOR gener- 
ates a simulated reaction curve from 
the measured results and automatically 
calculates the rate constant. 


CTION OF CY OCHROME C 





The RA-415 RAPID SCAN ATTACH- 
MENT monitors the change in absorp- 
tion spectrum during the reaction. 


Other attachments are available for 
T-jump, P-jump, fluorescence and 
flash photolysis. 


Please visit us Halle 6 III, Stand 
KL 24 — 25, ACHEMA 85 (ISA). 








Contact the sole export agent for more details: — 


ATAGO BUSSAN CO., LTD. 


7-23, 5-chome Shimbashi, Minato-ku, 
Tokyo 105, Japan 

Telex: 28421 Cable: TAGOA TOKYO 
Phone: (03) 432-8741 














PRODUCT REVIEW 





Computer-directed DNA synthesis — Autogen 
| 5500. 


@ Genetic Design of Watertown 
Massachusetts has developed the AutoGen 
6500, the first automated DNA synthesizer 
to incorporate computer-directed variable- 
cycle control of the synthesizing process. 
The new system has the capacity for 
automatic synthesis of as many as three se- 
quential 100-base fragments with no 
operator intervention. The AutoGen 6500 
uses an Apple Ile computer (128K B, dual 
disks, CRT, voice synthesizer, Okidata 92 
printer) for all control functions. Software 


driven commands. In addition, numerous 
utilities are provided for cycle and function 
parameterization defined by the user. A 
modem and printer are included with each 
system. 

Reader Service No. 122. 

€ Now available in the UK from P & S 
Biochemicals of Liverpool, Promega 
Biotec's Packagene system is a single- 
extract in vitro lambda DNA packaging 


| components and buffers in one tube, the 
system enables the user to conduct a 
packaging reaction simply by adding a sam- 
ple of DNA to a volume of Packagene and 








system. By combining all the necessary | 
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€ A powerful new data acquisition and 
logging package has been introduced by the 
Laboratory Computer Systems Division of 
Milequip, the Gloucestershire based com- 
puter systems house. The package, known 
as Logger, is ideal for use with medium- 
or long-term biotechnological and process 
biochemical experiments and by technicians 
with no previous computer experience. The 


| program runs in real time with a variable 


is user-programmable by simple menu- | 


scanning interval. Following each scan, 
readings are displayed with an average 
facility for data reduction of a large 
number of scans, if required. Readings out- 
side of preselected parameters sound an 
audible alarm, which may be deactivated 
if required. 

Reader Service No. 125. 

@ The LSI mammalian cell transfection 
kit has been developed to make the transfer 
of stably expressing genes into mammalian 
cells a simple routine operation. Each kit 
includes: (1) All the pre-tested solutions for 
calcium phosphate transfecting up to 100 
100-mm plates of cells; (2) a detailed pro- 
tocol; (3) sterile 0.2-um syringe filters; (4) 
sterile storage vials; (5) test results for each 
lot. This new LSI kit is available from 
Vanguard International of Neptune, New 
Jersey. 


| Reader Service No. 126. 





incubating. Packaging efficiencies of over | 


105 PFU per ug DNA are guaranteed, 


allowing effective and successful construc- | 


tion of DNA libraries. 
| Reader Service No. 123. 











A new medium for hybridomas. 


@ Ventrex Laboratories have formulated 
a new serum-free cell culture medium, 
HL-1, that is ideal for hybridomas and 
lymphoid cells. HL-1 will facilitate the in 
vitro scale-up of monoclonal antibody pro- 
duction and simplifies or eliminates 
purification steps. In the United Kingdom, 
HL-1 is available from Tissue Culture Ser- 
vices of Slough. 

Reader Service No. 124. 





€ Mentor is a new computer process con- 
trol and data logging system for fermenta- 
tion, developed by Life Science 
Laboratories Ltd of Luton. The softwar 
is optimized so that the Mentor system can 
be installed on an existing as well as a new 
fermentation plant without delay. Mentor 
1 hardware is IBM PC based and utilizes 
a colour VDU, floppy disk drive, Win- 
chester disk and six-pen colour plotter. The 
system is completely menu-driven with all 
aspects of configuration and operation be- 
ing available to the keyboard user through 
a high-level language. Control sequences 
for operation of valves and loops can be 
specified by the user such that routines like 
sterilization, inoculation and transfers can 
be carried out automatically. 

Reader Service No. 127. 

@ Bethesda Research Laboratories’ new 
murine reverse transcriptase, Cloned M- 
МІУ RT, synthesizes a higher percentage 
of full-length cDNA from mRNA than 
does avian reverse transcriptase. Murine 


| RT is free of many of the contaminants 


common in avian RT preparations. BRL 


| has cloned the reverse transcriptase coding 





sequence from M-MLV (Moloney murine 
leukaemia virus), ensuring reproducibly 
high performance. Full-length cDNAs can 
be synthesized more efficiently using Clon- 


| ed M-MLV RT because it does not contain 


the DNA endonuclease activity associated 
with AMV RT. Purity is greater than 95% 
and there is no detectable DNase or RNase. 
Reader Service No. 128. 


These notes are based on information provided 
by the manufacturers. Use the reader service card 


bound inside the journal to obtain further 
information. 
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Wuhan s Number 2 Steel Works, in the Peoples Republic of China, 
has recently made use of Philips expertise in industrial automation to 
improve its efficiency, quality and use of raw materials. 

The Philips electronic weighing and batching system, which now 
forms the sophisticated heart of the factory, controls three LD 
converters, each equipped with six weighing hoppers for additives, two 
for intermediate bunkers, and one for ladle additive. Individual compact 
batching systems are connected to a supervisory micro-computer 
controller. 

In addition, electronic weighing techniques are employed at various 
other stages of the process. For example, when scrap is charged into 
the converter, it is weighed on a specially designed platform with built-in 
protective features to prevent damage. 

In Germany the problem was how to ensure that production ran 
smoothly, while still offering customers “made-to-measure’ cars. 


We help fight metal fa 


customised BM 





I 

















ue in China, and build 


Germany. 


The Philips PREM.ID system (Programmable REMote IDentification) 
has been introduced with great success for the production of BMWs. 
The system includes "recognition" modules, which are programmed 
through a microwave signal. These signals determine which particular 
item is required for which individual car. 

[n this way, a personalised car- with a special gear box, transmission 
system, interior, and so on — can be included in the normal assembly 
line. The system allows a high degree of flexibility, while retaining a high 
output level on the line. 

These are but two examples of how Philips expertise can be put at 
the service of industry - throughout the world. For more information 
about Philips expertise world-wide, write to the Philips organization in 
your country or to Philips C.PM.S..VOA-0217/N9, Eindhoven, 
the Netherlands. 

Philips. The sure sign of expertise world-wide. 


PHILIPS 
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When you order molecular tubes and freezer trays. 


biologicals from Pharmacia you'll 


At Pharmacia Molecular 


find we're pretty hot on delivery. Biology Division that's all part 


We'll dispatch your order 
as soon as we get it, packing it 
carefully in wet or dry ice. 

Now our enzymes are 
supplied in screw cap mini vials 
with new waterproof labels, and 
will easily fit into your centrifuge 


of the service. We realize that the 
success of an experiment 
depends on the quality of the 
products used and the speed at 
which you get them. With us you'll 
find that the only thing kept 

on ice is your product - not your 


AUSTRALIA TEL: 02-888 3622 AUSTRIA TEL: 0222-67 05 07-0 BELGIUM TEL: 02/7369990 
CANADA TEL: (514) 684-8881 FRANCE TEL: 03/043-9919 JAPAN TEL: (03) 406-6261 
NETHERLANDS TEL: 03480-77911 SWEDEN TEL: 018/16 5450 SWITZERLAND TEL: 01/821 18 16 
UNITED KINGDOM TEL: 0908-661101 UNITED STATES TEL: (201) 457-8000 


WEST GERMANY TEL: (0761) 49 03-0 
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experiment. 

Contact us today and we'll 
send you our free catalogue with 
details of over 800 molecular 
biologicals. 


Pharmacia... your partner in 
molecular biology. 


Pharmacia 


Molecular Biology Division 
S-75182 Uppsala Sweden. 
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The French heavy-ion accelerator GANIL (Grand 
Accelerateur National d' lons Lourds). GANIL consists 
of three cyclotrons, linked in series to produce some 
of the most complex of all nuclear phenomena. These 
occur when nuclei collide at energies too high for them 
to behave like drops of liquid yet too low to behave 
like clouds of independent neutrons and protons. 
GANIL physics is described by the director of the 
accelerator, Claude Détraz, on page 291. 
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DNA CH 
ECONOMICAL 
NON-RADIOACTIVE 
LABELING SYSTEM 
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Principle of DNA 
CHEMIPROBE 


Aselected procedure for 
chemical modification of 
DNA, employing non- 
carcinogenic compounds, 
introduces unique antigenic 
sites. The modified DNAcan 
be hybridized as usual and 
visualized by an enzyme 
immunoassay. 


Simple 
modification 
procedure 


Mix the denatured DNA 
sample (can be only 
partially purified) with 
ORGENICS sulfonation 
mixture and incubate 1-2 
hrs. at room temperature. 


Advantages: No nick 
translation, no 
manipulation of dangerous 
(e.g., carcinogenic) 
substances, no 
radioactivity, no need to 
purify DNA to completion. 


Simple 


hybridization 


procedure 


Just add the denatured 
modified probe to your 
hybridization mixture and 
follow your usual protocol 
or try Orgenics' suggested 
procedures. 
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Advantages: The DNA 
CHEMIPROBE and its 
reagents are stable. 
Proteins, such as enzymes, 
are not involved. Labeling 
your probe takes only a few 
minutes of actual work. 


Simple 
visualization 
procedure 


Use our highly specific 
monoclonal antibodies 
against modified DNA. 
These antibodies do not 
react with non-modified 
DNA. A second antibody 
conjugated to peroxidase 
oralkaline phosphatase is 
included in the kit for 
visualization. 


Advantages: No handling 
of radioactivity. Long shelf 
life. 






Suggested 
Applications 


1. — Southern blotting 
^|» €090 E Ff 
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fig.1 


a) Restrictionenzyme digest of pBR 328 
and pSVK1 (plasmid containing pëR 
and SV-40 sequences) 

b) Blot of restriction enzyme digest 
hybridized with pSVK1, modified by 

ics CHEMIPROBE Kit. Detection 
by double sandwich enz yme 
immunoassay. 


Lanes: A. à /Hind Ill marker 
B. pBR328/EcOR | 


F. pSVK1/Stu I 


2. — Dot hybridization 


„216 





п9.2 


а) Plaques of M13mp8 and M13mp8 with 
1/Hind Ш insert. 


b) Blot of plaques hybridized with PSVK1, 


modified by Orgenics CHEMIPROBE Kit. 
Detection by double sandwich 
enzyme immunoassay. 


3. — Colony hybridization 


tig. 3 
Colony hybridization of 


PSVK1 transformed 
E. coli HB101 ceils. 


4. — Plaque hybridization 


fig. 4 
Dot hybridization to 
decreasín 


amounts of target 
DNA (pSVK1) 


O.K. Adv. Israel 












What 
about single 
copy gene? 


Oursystem detects 5-10 pg 
of DNA under routine 
conditions by dot blot. 
Single copy genes? Let us 
know of your results ... as 
compared to other non- 
radioactive labeling 
systems. 


Presentation: 


A kit sufficient for 
modification of 1 mg of 
DNA and its visualization 
including: 

— users' guide 

— modification solutions(2) 
— modified and non- 
modified DNA for control (2) 
— blocking solution 

— anti-modified DNA 
monocional Ab 

— secondenzyme 
conjugated anti 
immunoglobulin 

— Chromogenic substrate 
cocktail 


Introductory price: 
$80 FOB. 
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An essential guide ЕТЕ 
to successful 
production 


This book provides concise and up-to-date 
information on vegetable crops grown in tropical 
regions. It contains details of all the factors affecting growth anda nim 
explanation of techniques that can be applied to increase the level of 
production. It will be of use to students, extension service staff and - 
research workers who wish to enlarge their knowledge of the range 
of food crops available for growing in the tropics. 
Vegetables in the Tropics provides full information on the 

cultivation and environmental requirements of about 140 crops. 


Hardcover ISBN 0 333 24266 1 £35.00 
Paperback ISBN 0 333 24268 8 £15.00 


H.D.Tindalj 


H D Tindall is Professor of Tropical Agronomy at the National College of 
Agricultural Engineering, Silsoe 


For further information please write to: Liz Digby Firth, 
Macmillan Education, Houndmills, Basingstoke, Hants RG21 2XS, U.K. 





| Hanover presents the 


latest 


international developments. 


Within just a few years 
biotechnology has developed into a 
key technology which will 
undoubtedly become even more 


-.. important in the future. 


- Biotechnology already plays a 

“major role in chemistry, 
pharmacology, nutrition and 
agriculture, as wéll as in the fields 
of energy and environmental 
protection. BIOTECHNICA '85 in 

. Hanover will emphasize the 

importance of this revolutionary 

technology to future economic 

growth and development. 


28 internationally renowned 
authorities will deal with current 
problems, trends and developments 
(including scientific, practical - 

and commercial aspects) in 
measurement, process control, the 
development of models and the 


application of computers, as well as: 


biocatalysts, animal and plant cell 
cultures. 








Research institutes, universities 
and firms will be able to present 
theirresearch findings, bio- 


technical products and processes at . 


symposia, lectures and in workshop 
sessions. BIOTECHNICA '85 will 
thus serve as a forum for practical 
and industrial applications based 
on the latest research findings. 


The congress and exhibition 
BIOTECHNICA will take place in 
conjunction with the Second 
USSymposium on Biotechnology, 
which is being sponsored by 
America's two major biotechnology 
associations. 


In addition, there will be two 
symposia on state-funded research 


and venture capital. 


An international 
exhibition 


Over 100 firms and research 
institutes will provide an insight 
into new biotechnological products 
and processes, as well as the latest 
developments in laboratory 
equipment and production 
techniques. 






The European Community asa 
to support BIOTECHNICA '85, anc 
will also be represented witha _ 


stand displaying the results of 
EC-funded research. 










Come to BIOTECHNICA'85 Hanover 
fora detailed insight into current 
developments in biotechnology. 


8th - iüth October, 1985 à 
ist International Congress-- Exhibiti 
for Biotechnology 





Technica’85 
Hannover 


Further information is available from: 


Deutsche Messe- und Ausstellungs-AG 
Abtlg. „Neue Projekte” 
Messegelände, 
D-3000 Hannover 82 
Tel.: (511) 89-2720 
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NEW TITLES IN THE 


TOPICS IN 
MOLECULAR 










AND STRUCTURAL 
BIOLOGY SERIES 


Series editors: Watson Fuller, Department of Physics, University of Keele. 

| Stephen Neidle, Department of Biophysics, Kings College, London. 

Tony Atkinson, Microbial Technology Laboratory, PHLS Centre for Applied Microbiology and 
A Research, Salisbury. 







































Volume 5 Connective Tissue Matrix 


D. W. L. Hukins, Department of Medical Biophysics, University of 
Manchester 


An introductory chapter details individual macromolecular components and following 
chapters are concerned with interacting systems of macromolecules in extracellular matrices 
and the ways in which they influence the mechanical, and hence biological, functions of 
connective tissue. 


1984 256pp 0 333 33372 1 £35 


Volume 6 Metalloproteins; Part One – Metal Proteins 
: with Redox Roles 


р. M. Harrison, Department of Biochemistry, University of Sheffield 


Metals play important roles in a large number of biochemical reactions. 

‘These volumes explore those aspects of biochemistry which involve association of metal 

with protein. The metals concerned, principally iron, copper and molybdenum, 
belong to the transition metal series. 


March 1985 272pp 0 333 33374 8 £35 


Volume 7 Metalloproteins; Part Two — Metal Proteins 
with Non-Redox Roles 
P. M. Harrison 


This second volume on metalloproteins brings together six classes of protein to 
illustrate a variety of important physiological processes in which metals are involved in 
association with protein. 


March 1985 352pp 0 333 33375 6 £45 


Volume 8 Polysaccharides: Structure and Function 
cU E, D. Т. Atkins, Н. Н. Wills Physics Laboratory, University of Bristol 


Polysaccharides are a group of complex carbohydrates including starch and cellulose, that 
| are involved in а variety of ways in the structure and function of organisms. This book aims 
to review recent advances in the understanding of the structure of the major types of 

polysaccharide, stressing those of medical, biological and economic importance. 


October 1985 250рр 0 333 333713 £35 


Volume 9 Topics in Nucleic Acid Structure, Part 3 


Stephen Neidle, Department of Biophysics, University of London 
Fonhcoming 1986 256pp 0 333 33376 4 £35 


For further information about any titles in the series please contact, 
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University paymasters discredited 


The British government's latest policy document on higher education is a disgrace. Academics 
now have nothing to lose but the tenure of their jobs (itself proscribed). 


THE British government's latest proposals for higher education 
(p.270) are most of all distinguished by their vacuity, the quality 
of being **content-free"" in the newest civil service argot. The of- 
ficials at the Department of Education and Science who have 
laboured for the past year and more to put flesh on the bones 
of Sir Keith Joseph's preconceptions about higher education and 
those who work therein have produced an agenda for a non- 
discussion, for interested parties to say where they have always 
stood while the cause they are supposed to share is lost. 

Shabby is the best word for this literally appalling document, 
and calculated indifference is the only way of describing the policy 
it embodies. Ordinary innocents might suppose that a state paper 
with **. . . higher education into the 1990s” in its title might have 
something valuable to say about the function of higher educa- 
tion in contemporary society. Carefully, the draughtsmen of this 
latest prospectus for British universities and polytechnics give no 
hostages to fortune. They simply quote the Robbins report of 
1963 and launch into a discussion of the role of higher educa- 
tion in “the production of qualified manpower"'. 

That calculated indifference is the British goverment’s policy 
in higher education 1s now made crystal clear. (The calculation 
is that if the government does nothing about the problems of 
higher education, they will solve themselves just as mail that 1s 
left unanswered is usually overtaken by events, in this connec- 
tion the disappearance of a nuisance.) Thus the green paper stolidy 
dodges the question that higher education has been asking the 
British government for at least five years, that there should be 
a clear definition of its function. (The explanation that there can 
be no longer forecast of the funds that will be available to higher 
education than for, say, the Ministry of Defence, is an answer 
to a different question.) Instead, the green paper parades the need 
that institutions of higher education should look to other sources 
than the British government to keep themselves in being. Perhaps 
universities and polytechnics should take the hint and make a 
dash for freedom). That way, they might be better off. 

The plam truth is that the British government has systematically 
misled British higher education. Although the once-and-for-all 
reduction of 8.5 per cent of university budgets decreed in 1980, 
together with the manipulation of the fees of overseas students 
whose variable effects were to reduce university incomes by an 
average of 5 per cent, was accompanied by promises that there 
would be “level funding” once the shock had been absorbed, 
the fact is that the budgets of the universities as a whole are still 
falling by between 1.5 per cent and 2 per cent a year ın real terms. 
The polytechnics lie some two years behind on the path to penury, 
chiefly because of the delay in creating their supervisory National 
Advisory Body. During the same period, the government has put 
a ceiling on the numbers of students that universities and 
polytechnics separately are allowed to teach, has threatened a 
cumbersome procedure for denying academics the right to tenure 
of their jobs and has generally exhorted everyone in sight to find 
other sources of funds than the public purse. 

Nobody should deny that the government has problems. In the 
prosperous early 1960s, it seemed sensible that there should be 
a public system of higher education to which all qualified would- 
be students should have access, which principle would determine 
the scale of the system. It also then seemed financially feasible 
that the central government should meet the cost to local 


authorities of maintenance grants for all students winning 
themselves a place in higher education. Even the present govern- 
ment's belief that British. higher education is indolently un- 
concerned with Britain's chronic economic difficulties is not new, 
as shown by the decision during the 1964 Wilson government that 
the polytechnics should be designated as an alternative system 
of higher education, one more concerned with practical affairs. 

Sourly, the present government has also allowed itself to be 
captivated by the belief that the whole of higher education is 
somehow corruptly innefficient. The green paper applauds the 
recent Jarrett inquiry into the management of six universities but 
ignores the first of ts recommendations, that a prerequisite of 
efficiency 1s a coherent policy framework for higher education 
asa whole There may be something in the suspicion that British 
higher education could be operated more economically, although 
the most obvious diseconomies in the system. now are those 
created by the government's own edicts of recent years, Preoc- 
cupied with these problems, the government has taken to behav- 
ing as if it wished that higher education would simply disappear. 
The green paper offers such perfunctory acknowledgement that 
the system now in being has merit that its readers may be forgiven 
for thinking that the government has no heart for the struggle 
to keep the system going. 

The crunch will come quite soon. 1f real resources continue 
to decline by between 1.5 per cent and 2 per cent a year, whatever 
slack there is in the svstem will soon be exhausted. Then the grants 
committee and the advisory body will have to tell the govern- 
ment that the drain cannot continue within the present framework 
without striking some whole institutions off the public payroll. 
. Prudent institutions, universities or polytechnics, will be well 
advised to get out of the system before that time comes. 
Reorganizing for independent survival is now the game. The green 
paper's list of alternative sponsors should (and will) be studied 
carefully, but there may be others, municipal authorities for ex- 
ample. Only the more depressed among institutions of higher 
education will ask why should they bother struggling to survive 
when their present sponsor is so plainly not merely indifferent 
but ignorant of their role. Some among the others will sense that 
the claims upon them consist not merely of inputs and outputs 
(‘student demand” and ‘‘qualified manpower") but of young 
people sharing a common conception of what the future might 
be like; and that knowledge is neither for its own sake nor for 
the winning of prestige but for a civility that the author and 
originators of such a banal state document could not comprehend. 
Groucho Marx is known not to have wanted membership of a 
club that would let him in. Who, 1n scholarship and research, 
dares admit to sponsorship like this? п 





Biological manuscripts 


Miranda Robertson, Biological Sciences Editor of Nature, 15 now 
based in the Washington office of Nature. Manuscripts offered 
for publication may be sent, as at present, to either the London 
or the Washington office; with the benefit of good communi- 
cations, the speed with which manuscripts are dealt will be 
independent of the place at which they are received. But authors 
are asked please in future to send four copies of manuscripts 
intended for publication (one for each office and two for referees). 


High-energy physics 


NEWS 


UK committee to push 
for CERN budget cuts 


BRITAIN'S spending on high-energy physics 
1s out of balance with its spending on other 
science, and must be reduced substantially, 
according to the committee set up last year 
to consider continued British membership 
of CERN (the European Organization for 
Nuclear Research). The committee, chaired 
by molecular biologist Sir John Kendrew, 
will report next week to the chairmen of the 
Advisory Board for the Research Councils 
(ABRC) and the Science and Engineering 
Research Council (SERC) that it has been 
impressed with the excellence of CERN's 
work, but that the organization's budget 
should be kept constant beyond 1990. 

According to one figure being canvassed 
in the committee this week, the CERN 
budget could come down by 20-25 per cent 
after 1990 without substantially affecting 
the quality of CERN research, which by 
then will depend almost entirely on the 
running of the large electron-positron 
collider LEP and its extension to ‘‘phase 
П" 100-GeV operation But whether the 
final report will actually mention such a 
figure is uncertain. Committee members 
are anxious to avoid a conflict with their 
European partners in CERN, with whom 
they would like to seek an agreed reduction, 
and to quote 20-25 per cent might be 
zounterproductive. 

Indeed, French officials last week 
described a cut on such a scale as “‘likely 
10 kill CERN, given that half their costs are 
alaries". The West German position is 
that а 25 per cent cut ''could not be done 
“airly’’. Nevertheless both countries 
zonsider that some cuts are possible. Paris 
zonsiders that cuts “оѓ a few per cent” 
would not harm CERN, and Bonn that a 
10 per cent by 1990 might be supportable. 

Sir John Kendrew and members of his 
committee met the West German research 
zunister, Heinz Riesenhuber, and the 
French research minister Hubert Curien, 
earlier this year, and were encouraged to 
learn that others might agree that CERN 
budgets should be trimmed. But the 
committee did not visit Italy, where the 
government recently doubled national 
spending on high-energy and nuclear 
physics and is in a mood to increase the 
CERN budget rather than decrease it. 

The West Germans told Sir John that 
the government was more comfortable with 
the CERN contribution than Britain 
because certain other projects supported by 
the research ministry (BMFT) (such as 
nuclear energy) are decreasing in cost and 
because, overall, the mimstry has been 
enjoying a roughly constant real budget. 
He also argued that the expenditure on 
research and development in most 
European nations (including Britain) had 


decreased as a fraction of gross national 
product over the past decade, so effective 
cuts had already taken place. A German 
committee on big projects under Klaus 
Pinkau had also set a high priority for 
CERN and for LEP. Nevertheless 
Germany is looking for savings. 


Mandatory scales of contribution of the eleven 
member states of CERN, 1985-87: 


Percentage 
West Germany 24.90 
France 20.23 
United Kingdom 16.91 
Italy 13.56 
The Netherlands 5.39 
Spain 4.94 
Sweden 4.01 
Switzerland 3.87 
Belgium 3.61 
Denmark 1.98 
Ireland 0.60 
The CERN budget in 1985 amounts to SF 724.5 
million (around £220 million). 





Cuts could be found, according to 
Riesenhuber, in reductions of staff and 
salaries at CERN. (One complaint is that 
CERN salaries are so high that it is 
impossible to attract German scientists 
back to Germany. There is also, according 
to Riesenhuber, scope for rationalization 
of CERN management and in postponing 
in new investments (such as extending LEP 
to full performance). A 10 per cent cut by 
1990 is ‘‘realistic’’, ıt is believed in Bonn. 

At CERN, however, the prospect of cuts 
1s faced with some horror. CERN director- 
general Professor Herwig Schopper would 
like to begin the extension of LEP to 100 
GeV per beam as soon as technically 
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possible, which with rapid advances in 
superconducting accelerating cavities 
means spending sooner than expected — in 
1989. This would mean a small increase in 
CERN spending in the new five-year 
planning period. 

There will also be a pensions problem. 
Schopper says that CERN council decided 
four years аро to increase staff pensions in 
line with those available in Switzerland, 
which will mean increased expenditure on 
personnel when the main retirement bulge 
begins in 1990. But CERN has not yet made 
the investments into the pension fund either 
to pay for these increases or to pay the basic 
pension. ‘‘Our actuaries tell us there is a 
‘technical deficit" "", says Schopper. CERN 
15 indeed planning a reduction in personnel, 
and to make more use of outside con- 
tractors, but even then ‘‘it’s unavoidable 
that there will be an increase in our 
personnel budget” because of the pension 
commitments. The only light on the 
horizon is that Spain will become a full 
member by 1989, increasing 115 
contribution from the present 5 per cent to 
7 per cent of the CERN budget, says 
Schopper. 

For the Kendrew committee, the problem 
15 that even а 10 per cent cut in the CERN 
contribution would not have provided the 
increased funding for other sciences that 
the committee believes necessary. Hence 
the mooted target of 20-25 per cent, and 
hence, no doubt, a propensity to be 
sceptical about Professor Schopper's 
claims. 

Indeed, the feeling in the committee goes 
even further. First, an attempt should 
certainly be made first to reach agreement 
with European partners for a large 
reduction in the CERN budget. But if that 
fails, and if the hopes of some members are 
disappointed that collaboration with the 
United States will be feasible, the only 
option will be complete withdrawal from 
CERN. Robert Walgate 





Caltech at war on star wars 


Washington 

MARVIN Goldberger, president of 
California Institute of Technology, has 
written to Secretary of Defense Caspar 
Weinberger taking exception to an 
announcement that Caltech had joined a 
"consortium" of universities carrying out 
star wars research. In his letter, Goldberger 
says that Caltech’s only involvement in the 
$9 million contract announced by the 
Innovative Science and Technology (IST) 
division of the Strategic Defense Initiative 
organization for research on optical signal 
processing is a single $50,000 subcontract 
to one Caltech scientist from the Univer- 
sity of Dayton Research Institute. 

A press release put out by the IST office 
announced the ‘formation of a consortium 
of several institutes,” including Carnegie 
Mellon, Stanford and Massachusetts 
Institute of Technology. 


Caltech has yet to approve the contract. 
Both Caltech and Stanford have also 
expressed concern about news reports that 
the work would be classified. But according 
to Dr James Jonson, who heads the IST 
office, all the work would be totally free 
of classification or other restrictions in 
accordance with Department of Defense 
policy on basic research that is conducted 
on campus. 

Ionson defended the use of the term 
“consortium”, saying that the scientists 
involved had worked together on the 
proposal, which was submitted by the 
University of Dayton and the University of 
Alabama at Huntsville. ‘‘The important 
news is that some of the most prestigious 
individual scientists are working together 
for a common goal’’, he said. As to Gold- 
berger, “It’s no secret that he's not an 
advocate of SDI." Stephen Budiansky 
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UK laboratory animals 


NEWS 


New legislation forecast , 


THE British government has taken a fur- 
ther step towards tighter legislation on 
animal experiments in a second White 
Paper (policy document) on Scientific pro- 
cedures on living animals, published last 
week by the Home Office, the government 
department responsible (Cmnd 9521, 
HMSO, £3.30). The document is said to be 
the result of collaboration between the 
government, scientists and the "realistic 
element of the animal welfare movement’’. 
The main changes from the earlier pro- 
. posals (see Nature 303, 191; 1983) are: 
tighter controls on the severity of pro- 
cedures; modification of the project licen- 
sing assessment system; improvements in 
laboratory animal care; higher penalties for 
some offences. 

Under the new proposals, investigators 
will need two separate licences, both a per- 
sonal licence betokening general com- 
petence and a project licence for each pro- 
posed investigation. Applicants for both 
kinds of licence must provide the Home 
Secretary with detailed information about 
themselves and their proposed work, 
together with the names of persons willing 
to act as sponsors. For a personal licence, 
the sponsor will vouch for the applicant's 
“competence and integrity’. For project 
licences, the sponsor will give a detailed 
opinion of the scientific merits of the pro- 
ject and techniques to be used. The white 
paper says that a field trial has shown that 
such a system would work in practice. But 
because of the practical difficulties of 
assessing all project licence applications in 
this way, the Home Office now proposed 
to refer only those projects where the scien- 
tific quality of the work is in doubt to an 
independent assessor. ! 

Criteria for obtaining a licence under the 
proposed regime will be stricter than at pre- 
sent. The Home Secretary must be persuad- 
ed that the work is justifiable, that no 
satisfactory alternative to the use of 
animals is available, that the minimum 
number of animals is used and that the least 
possible suffering is caused. 

Considerable emphasis is placed on the 
severity of pain, which will be balanced 
against potential benefit when project 
licence applications are considered. Such a 
cost-benefit principle has been widely ad- 
vocated, 1n particular by Sir Andrew Hux- 
ley, president of the Royal Society, who 
. suggested a graded approach to the 
justification of experiments on animals in 
his anniversary address to the Royal Society 
last year. x 

The new white paper is an excellent com- 
promise in the debate on animal experimen- 
tation, Sir Andrew said this week. The 
licensing system will make clear who is 
responsible for a project, and the form of 
permission for project licences will ensure 
that granting a licence does not become a 
“rubber stamp procedure”. 











In practice, the Home Office will issue 
personal licences which will, in effect, be 
a certificate of competence to a particular 
investigator to pursue a particular project. 
But project licences will be issued only to 
applicants **who can satisfy the criterion 
of permissible purpose’’. The Home 
Secretary will impose conditions setting 
“permissible degrees of severity (of pain) 
for that project . mild, moderate and sub- 
stantial’. Home Office inspectors will have 
increased power to order humane killings, 
“action to be taken at the onset of various 
signs” such as loss of motor function. The 
new proposals also require painless killing 
at the'end of a predetermined period, ad- 
ministration of analgesic and constant 
supervision throughout the procedure. 

Before a project licence will be granted, 
the applicant must agree with the Home 
Secretary on the likely level of severity of 
pain an notify an inspector if this forecast 
is likely to be exceeded. The Home 
Secretary will decide how the categories of 
pain are to be defined and applied, and will 
publish guidelines to inform applicants, 
licensees and the general public of how the 
proposals are intended to work. 

An animal procedures committee is be- 
ing set up to advise the government on 
policy, on applications for research caus- 
ing ‘‘special concern” and on the testing 
of cosmetics. The committee is chaired by 
Baroness Warnock and its members include 
scientists, representatives of organizations 
that protect animals and representatives of 
pharmaceutical companies. 

The composition of the committee, 
however, emphasizes the government’s 
commitment to regulated experiments on 
animals. As Sir Andrew pointed out, the 
situation cannot arise where experiments 
can be stopped by a block vote of anti- 
experimentalists on the committee, which 
answers the genuine worries of many 
biological and medical scientists. 

Reactions to the white paper are mixed. 
The Association of British Pharmaceutical 
Industries accepts the need to update the 
existing (1876) legislation, but is concerned 
that there will be ‘‘too narrow a definition 
of the scope of the project licensing provi- 
sions". The Humane Research Trust and 
the British Veterinary Association welcome 
the proposals in the main. The British 
Union for the Abolition of Vivisection calls 
them а *'confidence trick” and a ''vivisec- 
tionists' charter”. 

The number of experiments on animals 
in the United Kingdom has fallen from 5.6 
million in 1971 to 3.6 million in 1983. In 
1985 the Humane Research Trust will give 
grants of £100,000 to nineteen investigators 
using alternative experimental procedures 
that do not animals, and the pharmaceuti- 
cal industries will spend £10-12 million on 
development of non-animal techniques in 
drug testing. Maxine Clarke 
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US laboratory animals 


NIH watchdog 
committees 


Washington 

LABORATORY animal research at publicly 
supported institutions in the United States 
will from November this year have to be 
overseen by special "animal use" com- 
mittees that will include at least one lay 
representative, according to new guidelines 
issued by the Department of Health and 
Human Services. The guidelines charge the 
animal use committees with responsibility 
for reviewing research programmes and 
inspecting laboratories and animal houses 
at least annually. Research that does not 
meet the committees! standards can be 
stopped. 

The requirement that each committee 
should include at least one lay member is 
welcomed by animal welfare campaigners, 
but some had hoped for a representative 
concerned specifically with welfare. 
Welfare champions are unhappy that the 
committees are not required to review in 
detail research protocols for investigations 
in which non-trivial pain may be caused. 

Christine Stephens, president of the 
Animal Welfare Institute, says that this 
omission is a “profound disappointment". 
Earlier proposals had required special 
approval by the committee for non-routine 
or harmful invasive procedures, procedures 
involving prolonged restraint, diseases 
maintained for long periods or non- 
standard methods of euthanasia. The new 
proposals leave it to committee members 
to decide if special attention is warranted. 
Ms Stephens is also disturbed that 
institutions can apparently apply for a 
retroactive waiver that would release them 
from their responsibilities under the new 
guidelines. ` 

The Association of American Univer- 
sities, in contrast, is relieved that lay 
members will not be required to review 
research protocols, a requirement that the 
association considers ‘‘unacceptable’’. 

The guidelines do not have the force of 
law, although an institution could in theory 
lose its financial support if deficiencies 
went uncorrected for long enough. Critics 
point out, however, that such an 
occurrence is almost unknown. The 
National Institutes of Health are still 
investigating allegations of mistreatment of 
baboons used in head injury experiments 
at the University of Pennsylvania; despite 
the widespread availability of a-video tape 
showing apparent mistreatment, which was 
last week being shown to members of 
Congress, the research is still being 
supported. A bill introduced in the last 
Congress by Senator Robert Dole and 
Representative George Brown would have 
given statutory force to animal use 
committees: a new version of the bill is 
likely to be introduced in Congress within 
the next few weeks. Tim Beardsley 
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DNA probes 


NEWS 


Type culture a source of gain . 


Washington 

THE role of the American Type Culture 
Collection (ATCC) as a repository of 
materials for basic biological rsearch is be- 
ing threatened, researchers say,.by com- 
mercial exploitation of cell lines deposited 
there. At least one molecular biologist has 
refused to send any more of his samples to 
the collection after a commercial company 
obtained an oncogene he had deposited 
and, without his knowledge, began 
marketing to researchers DNA probes 
derived from it. 

ATCC, a non-profit organization, makes 
cell lines and other materials in its collec- 
tion available to any qualified researcher 
who requests them, charging a nominal fee 
to cover its costs. Although primarily a ser- 
vice to basic researchers, the collection has 
played an increasingly important role in 
facilitating the patenting of recombinant 
DNA products and processes. 

As a general rule, the Patent Office re- 
quires applicants to deposit novel cell lines 
or plasmids in a collection such as ATCC 
to satisfy the public disclosure requirements 
of patents — the traditional written des- 
criptions are often insufficient to allow 
someone else to reproduce the invention, 
a fundamental requirement of patent law. 
In order to satisfy the legal requirements, 
no restrictions on the distribution of 
deposited materials can be imposed. 

But that totally unrestricted distribution 
is upsetting some basic researchers. Tom 
Curran, a molecular biologist at 
Hoffmann-La Roche, recently deposited a 
cell line containing the fos oncogene, which 
he had isolated when he was a graduate stu- 
dent at the Imperial Cancer Research Fund 
Laboratories in London, in collaboration 
with Inder Verma of the Salk Institute. 

Curran says he was subsequently 
“shocked and distressed" to discover an 
advertisement in Nature from Oncor Inc. 
for DNA probes for a variety of oncogenes, 
including fos. Curran says Oncor did not 
even inform him that it had obtained the 
sample from ATCC or that it was plann- 
ing to market his product. He says his 
primary objection is that Oncor is making 
a profit by selling to basic researchers a 
product developed by basic research in 
which the company had no part. Curran 
says he deposited the oncogene with ATCC 
so that it would be ‘‘freely available to the 
scientific community". 

Some research groups, apparently con- 
cerned about the uncontrolled commercial 
exploitation of cell lines placed in the public 
domain through ATCC or otherwise, have 
taken to distributing samples themselves to 
other basic researchers and requiring a sign- 
ed agreement that those receiving them will 
not pass them on to a third party or exploit 
them commercially without permission. Al- 
though there is some dispute over the en- 
forceability of such agreements at law, in 





at least one well-publicized case, that of 
David Golde’s KG-1 cell line, the origina- 
tors of the cell line won a sizeable out-of- 
court settlement from a company that had 
obtained and was using the material 
without their permission (see Nature 301, 
6; 1983). | 

Bobbie Brandon of ATCC says that the 
collection may have to reconsider its 
policies on free distribution, but that it 
would not want to be in the position to en- 
force restrictions against transfers or com- 
mercial development. And, although she 
sympathizes with Curran’s complaints, she 
says Curran had signed a statement agree- 
ing that ATCC could make the oncogene 
available to anyone requesting it. Brandon 
says that ATCC distributes about 1,000 
oncogene samples each year at a cost of 
$64 to commercial organizations and $44 
to non-profit groups. 

Steven Turner, founder and chief ex- 
ecutive officer of Oncor, says he sees 
nothing wrong with the service that his 
company is providing and that his com- 
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pany’s contribution is by no means trivial, 
as Curran suggests. ‘‘We’re not just tak- 
ing the ATCC strain and dropping it into 
tin cans and selling it’’, he says. Turner 
adds that the customers for the products 
are not basic molecular biologists, but 
rather clinical researchers who do not have 
the means to develop the probes themselves 


_ from the material available from ATCC. 


And he says that strains deposited in ATCC 
are in fact not very attractive for com- 
mercial development because they are in the 
public domain: ‘‘I have no protection with 
what 1 do with that strain’’. 

Turner, who was the founder of 
Bethesda Research Laboratories before 
founding Oncor two years ago, says, “1 
long ago got used to the -hypocrisy of 
academics saying that their activities are on 
a higher moral plane than business". While 
academic researchers refuse to sell their cell 
lines, they nevertheless demand a quid pro 
quo, such as demanding that the recipients 
**stick their names on your papers for the 
next five years”. ‘‘I’ve never seen exploita- 
tion as I’ve seen it performed in academic 
labs.” Stephen Budiansky 





NATURE VOL 315 23 MAY 1985 


Sakharov 


Birthday award 


from US centre 


Washington 

THE Andrei Sakharov Institute in 
Washington, founded five years ago to 
honour the Soviet academician and human 
rights campaigner, this year added a new 
feature to the now-traditional Sakharov 
birthday celebrations — an annual prize for 
science. The first recipient is Dr Aleksandr 
Esenin-Volpin, a mathematical logician, 
for many years a human rights campaigner 
and a victim of psychiatric repression in the 
Soviet Union, before he was ‘‘persuaded”’ 
to emigrate in 1972. 

The prize this year is modest, a mere 
$5,000, and the decision to establish it was 
taken only two weeks before the event. 
Vladimir Bukovskii, himself a former 
human rights campaigner and psychiatric 
victim, said in announcing the award that 
the funds were largely collected from 
Russian emigres in the United States, many 
of whom are not well-off. But in view of 
the number and distinction of the uni- 
versities and institutions from which the 
**advisory board” of the Sakharov Institute 
is drawn, and the recent introduction of a 
congressional bill to grant it a federal 
charter, there is every hope that a more sub- 
stantial sum may be available next year. 

The prize is not the institute's first edu- 
cational venture. In addition to its Center 
for Democracy, which aims at propagating 


. Sakharov's ideas on peace and democracy 


and publishing in English the works of 
authors unable to express themselves freely 
in their own countries, it also maintains an 
education and research section, which has 
been adopted as the Washington Campus ~ 
of Long Island University. This has two 
major projects in hand, the improvement 
of the quantity of mathematics and science 
education in the United States (including 
the establishment of a National School for 
Science and Mathematics for Gifted 
Students) and the upgrading of the quality 
of Soviet and East European studies. 
The announcement of the new prize 
added an optimistic note to last week's 
Sakharov ‘‘birthday’’ conference (held a 
few days before the actual date, 21 May), 
which otherwise concentrated on current 
progress (or the lack of it) in international 
acceptance of Sakharov's views on peace, 
arms control and human rights. j 
Inevitably, the issue was raised of plans , 
to renew contacts between the US National 
Academy of Sciences and the Academy of 
Sciences of the USSR (see Nature 16 May, 
p.169). Since the National Academy broke 


‘off relations with the Soviet Academy in 


protest at Sakharov's internal exile to 
Gor'kii, it is not surprising that those 
gathered to honour him felt that there 
should be no new approach to the Soviets 
while Sakharov and his wife remain in 
exile. Vera Rich 
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Fast reactors 


NEWS 


Superphénix vibrations solved 


VIBRATION problems in the primary 
sodium cooling circuit of the Süperphénix 
European commercial-scale fast breeder 
reactor ‘һауе been solved or nearly 50”, 
and will not delay the fuelling of the reactor 
as had been feared, senior officials at the 
French Commissariat à l'Energie Atomique 
(CEA) said last week. - 

Thus the 1-200 MW(e) Superphénix, 
which has been built at Creys-Malville on 
the Rhéne.by a consortium in which the 
French and Italians are the major share- 
holders, with West Germany third, will still 
be loaded with plutonium at the beginning 
of September апа produce its first fast 
neutrons soon after, according to CEA. 

The problem now considered all but 
solved has been with an inner jacket of the 


main reactor vessel, which is little more. 


than a tank full of liquid sodium, topped 


up with an inert argon atmosphere. As part- 


Intermediate 


: Primary 
heat exchanger 


Fuel handling 
equipment 


The Superphénix cooling system. 


“of the cooling circuit, a thin film of sodium 


passes upwards from the bottom of the: 


main vessel around the outside of the inner 
jacket, before spilling inwards over the lip 
of the mner jacket into the core of the 
reactor. In the first live tests of the cooling 
system full of heated sodium, the jacket 
was vibrating with an amplitude of some 
12 mm in a diameter of 20 m. 

: It seems, however, that CEA will now 
go ahead with the fuel loading without 
modifying the reactor. Engineers at Creys- 
Malville have.found that a slight 
adjustment to the sodium flow rate will 
stop the vibration.. The key factor, 
according to CEA, was the height through 
which the sodium fell when cascading over 
the lip of the inner jacket. Initially 100-150 
cm, this ‘‘sodium fall" has been reduced 
to 30-60 cm by increasing the volume of 
' sodium in the reactor, (by 200 tons) and 
slightly increasing the flow rate between the 
inner and outer jackets. 

‘Meanwhile discussions continue in 
Europe over, first, where to site a planned 
second fast-breeder reactor, with West 














Germany and France the main contenders, 
and second, where to place a single fast fuel 
reprocessing plant, with the main 
contenders being France and the United 
Kingdom, CEA sources believe that а 
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decision on the site and detailed design of 
a second breeder is necessary by 1987, and 
that only France could be ready by that 
date. The potential purchasers, the French 
national electricity utility Electricité de 
France, however, which will probably have 
a large surplus of electricity by the end of 
the decade, is not thought to be quite 
so keen. Robert Walgate 





Belgian research 


Autonomy sacrificed to regions 


Brussels 

REGIONAL tensions in Belgium are eroding 
the autonomy previously enjoyed by the 
quasi-governmental institute for the en- 
couragement of scientific research in 
industry and agriculture (IRSIA). Hitherto, 
the institute has been free to select areas 
and projects for applied industrial research, 
but now its freedom will be further limited 
by the latest separate decisions of the 
fiercely competitive Flemish and Walloon 
regional ministers to increase their 
influence on its affairs. 

Last month, the president of the Flemish 
regional executive, Gaston Geens, an- 
nounced that IRSIA would from now on 
have to submit projects received from 
Flemish companies for approval to a 
commission directly under the control of 
the minister of economics before funds 
could be granted. It 1s also required that 
one-third the of money available should be 
specifically set aside for small and medium- 
sized companies, that'a certain amount 


. should also be earmarked for projects 


specified by the regional executive and that 
all Flemish companies would have to pay 
back subsidies obtained from IRSIA when 
the products of research reach the com- 
mercialization stage. 

Until now IRSIA has always believed in 
a system of non-repayable subsidies on the 
basis of a 53 per cent average participation 
for regular projects and 80 per cent for first 
ventures, with success and quality 
governing future eligibility. The old system 
remains in force in the Walloon and 
Brussels regions. 

The new Flemish system, it is feared, 
could have the double effect of wilful 
under-estimation of results by companies 
to avoid repayment of the loan and could 
even restrict technological innovation. 

Since 1983, when research was defined 
in terms of the 1980 Belgian regionalization 
laws, IRSIA has become used to ad- 
ministering separate coffers (the pro- 
portional distribution system was revised 
in August 1984 to try to give'each region 
its fair share). The major industrial sectors 
of Belgium — glass, textiles, coal, steel and 
construction — have not been affected by 
regionalization, „апа nor have large 
companies and collective research centres, 
but IRSIA previously supported small 
companies not only with money but also 
with information on research activities else- 


- where. Regional separation has meant that 
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research activities are suffering both 
restrictions and overlap. It has also put 
IRSIA in a very delicate position: it receives 
applications and oversees projects from all 
regions but it has to keep information 
about research developments in each 
completely separate. 

As well as making extra administrative 
work for IRSIA, the latest decisions also 
risk fragmenting the applied research effort 
in Belgium as a whole. This seems ironic 
at a time when the European Commission, 
in the Belgian capital, Brussels, is urging 
the ten member states of the European 
Community to make easier the mobility of 
workers, the exchange of information and 


cooperation on research. Anna Lubinska 





Fetal diagnosis trial 


CHORION villus sampling, a new technique 
by which genetic fetal abnormalities can be 
detected as early as eight weeks of pregnan- 
cy, is to be evaluated in a three-year clinical 
trial run by the British Medical Research 
Council (MRC). Amniocentesis, the usual 
method for prenatal diagnosis of genetic 
disorders, has the disadvantages of being 
performed later.in pregnancy (about 15 
weeks) and, because cells have to be grown 
in the laboratory, the results are generally 
not available for a further four weeks, 

In chorion villus sampling, a sample of 
placenta containing fetal tissue is removed, 
allowing immediate diagnosis and much 
earlier termination. But the technique may 
be less safe. Preliminary indications (using 
the 3-400 tests performed so far in the 
United Kingdom) suggest that the spon- 
taneous abortion rate is 2-5 per cent, com- 
pared with 0.5-1.5 per cent in am- 
niocentesis. The randomized trial will in- 
clude 4,000 women in the United Kingdom 
and is based on the informed consent of 
women who elect to join the scheme. Bet- 
ween 10 and 20 UK and European centres 
will take part; the study will be coordinaed 
with Canadian and US trials. MRC will 
also follow up the children born after the 
prenatal trial to assess for any long-term 
effects of the technique. 

Diseases such as Down's syndrome, 
anaemias, haemophilias and phenylketo- 
nuria can be identified by prenatal sampl- 
ing; soon muscular dystrophies and cystic 
fibrosis will be detectable as genetic pro- 
bes become available. Maxine Clarke 
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UK higher education 


NEWS 
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Help business and survive 


THE British government’s long-promised 
Green Paper (discussion document) on 
higher education, published earlier this 
week (Cmnd 9524, HMSO, £5.80), does 
nothing to suggest that the pressure on 
university and polytechnic budgets will be 
relieved. Indeed, the government says that 
planning for the impending fall in student 
numbers, expected on demographic 
grounds in the 1990s, ‘‘will need to:begin 
shortly". The document says that these 
changes will require ‘‘not only rational- 
ization within institutions but the amalga- 
mation or closure of whole institutions’’. 

The document says that there is a need 
for '*means of assessing, on educational 
and economic grounds", where capacity 
should be reduced, promises that the chief 
advisory bodies (the University Grants 
Committee, UGC, and the National 
Advisory Body, NAB, which represents the 
polytechnics), will ‘ауе a key role" and 
adds that ‘‘the government will be fully 
engaged". The government notes the pleas 
of both bodies as well as of the Jarrett 
committee on university administration (see 
Nature 4 April, p.392) that institutions 


should be given longer notice of the public 


funds at their disposal, but says that its 
three-year rolling forecasts are the most it 
can provide, and that higher education 
institutions should be able to accommodate 
“echange and some inevitable uncertainty". 

To most academics, the green paper will 
be a disappointment, not for what it says 
or neglects to say but for its tone. The key- 
note is the statement in the introductory 
section that ‘‘the government believes it is 
vital for our higher education to contribute 
more effectively to the improvement of the 
performance of the economy"'. Referring 
to its own initiatives to improve the quality 
of science teaching in schools, the govern- 
ment says that there ‘“‘would be no point 
in continuing to provide more places in 
Science and technology in higher 
education'' unless there are enough able 
students to fill them, urges that universities 
and polytechnics should plan for flexibility 
in the face of change and demands that 
“higher education establishments'' should 
abandon ''anti-business snobbery” and, 
instead, should foster entrepreneurship, 
should “ро out and develop” links with 
industry and commerce and should form 
strong connections with local communities. 

With qualifications, the green paper 
accepts the redefinition by UGC and NAB 
of the principle that suitably qualified 
students should have access to higher 
education (the **Robbins principle") by 
agreeing that **courses of higher education 
should be available to all those -who can 
benefit from them and who wish to do so”. 
The qualification is that ''so long as 
taxpayers substantially finance higher 
education . . . the benefit has to be 
sufficient to justify the cost". The ‘‘test of 








ability to benefit'" should be applied as 
stringently to those with formal qualifi- 
cations as to those without. 

Inevitably, the green paper rehearses the 
government's position on the future 
demand by students for places in higher 
education, but promises a more considered 
estimate of demand after a survey now 
being carried out among young people. 
Meanwhile, it says, the funds now 
promised should suffice to allow uni- 
versities and polytechnics to meet the 
demands on them in the three years ahead. 
The document says that UGC and NAB 
have been asked to recommend how 
students should be distributed between the 
universities and the polytechnics, but asks 
that students should not be admitted to uni- 
versities if they are more likely to benefit 
“їп terms of personal development and 
future employment prospects" from a 
course at a polytechnic. 

On research, the green paper rejects the 
argument of UGC that ‘‘research stimu- 
lates the teaching of able students” with the 
statement that ‘‘there is no evidence that 
al academic staff must engage in 
research". It applauds UGC's plan to 
distribute research support selectively, 
hopes that a start will be made in 1986-87 
and notes that one consequence may be 
that ‘‘some departments or even whole 
universities will lose research funding (sic) 
from the UGC”. The green paper says that 
universities will still be free to seek the 
funds from private sources. 

With more enthusiasm, the green paper 
argues the benefits that would accrue to 
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academics and to ‘‘business’’ from a closer 
relationship between them, and urges 
academic institutions to take account of 
industrial consultancies when assessing 
candidates for promotion, to encourage 
academics to ‘‘engage in business activity", 
if necessary on part-time academic con- 
tracts, to strike ‘‘reasonable deals" with 
staff over the income earned from inno- 
vations and to operate industrial liaison 
services. (Cautiously, the green paper warns 
academic institutions of their potential 
insurance liabilities in these activities.) In 
the same spirit, the government says it has 
asked UGC that success in industrial 
collaboration should be given ‘‘due 
recognition". 

` The green paper also says the govern- 
ment ıs not convinced that two-year degree . 
courses are feasible, but would like to see 
them tried, and that it is dismayed at the 
growth of the numbers of students now 
, following four-year courses. The paper also 
says that the government is planning to 
construct measures of performance for 
higher education institutions, and that ‘it 
wishes there to be a uniform system of 
validation of university courses. On 
academic tenure, the green paper says that 
the academic freedom of those who lack 
this privilege ‘‘is not visibly under threat". 
There is to be an inquiry into the role of 
UGC. 

One of the recurrent themes of the green 
paper is the right of free speech within 
universities, and the government promises 
a reconsideration of the degree to which 
students? unions should be financed from 
public funds. Meanwhile, it asks that 
universities and polytechnics should do 
what they can to prevent students from 
suppressing unpopular views. с o 


Agreement on marketing 


Washington 

HOFFMANN-LaRoche Inc. and Schering- 
Plough corporation have reached a truce 
in their battle over marketing rights for 
human leukocyte (alpha) interferon (see 
Nature 21 March, p.207). Under the terms 
of agreements reached last week, Schering- 
Plough will pay royalties to Roche if 
Schering-Plough’s product is sold in the US 
market, while in Europe each will be free 
to sell its own product without infringing 
the other’s patent rights. Terms for Japan 
are expected to be similar to those cover- 


' ing the United States. 


Schering-Plough's interferon (trade- 
marked Intron) is produced under licence 
from Biogen NV of Cambridge, 
Massachusetts and Geneva, Switzerland. 
Biogen holds a European product patent 
for alpha interferon produced by recom- 
binant techniques and expects to receive a 
similar patent in the United States. Roche, 
however, holds a very broad US patent that 
covers all highly pure human leukocyte in- 
terferons, and the new agreements 





-recognize that Schering-Plough’s product 
falls within the terms of the Roche patent. 
The agreements mean that recombinant 
interferons will be commercially available 
while the patent claims are sorted out. 
Roche has challenged Biogen’s European 
product patent and that challenge will be 
pursued despite the agreement that both 
can market their products; the outcome 
would be important if either company 
decided voluntarily to withdraw from the 
market, for example. In the United States, 
where both Intron and Roche’s ‘‘Roferon- 
A” alpha interferon are in clinical trials, 
the final outcome of the dispute will hang 
on the scope of the expected Biogen patent 
for recombinant alpha interferon. The 
agreements refer only to a specific type of 
alpha interferon, however; if other variants 
prove to have valuable properties, there 
could be more battles to come. In addition, 
both beta and gamma interferons are in 
clinical trials and marketing rights for them 

are hkely to be keenly contested. 
Tim Beardsley 
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UK research 


NEWS 


Despairing demand for more 


THE Oliver Twist of British civil science, 
the Advisory Board for the Research Coun- 
cils (ABRC), has this year asked for more 
in even stronger language. The preface to 
the annual claim for research funds, agreed 
by the board at its meeting at the end of 
April and now on its way to Sir Keith 
Joseph, the Secretary of State for Educa- 
tion and Science, says that ‘‘Parliament, 
the government and the country as a 
whole” are ‘‘complacent’’ about the pre- 
sent condition of the dual support system, 
the means by which support for university 
research is channelled through the research 
council and the University Grants 
Committee. 

ABRC says that this complacency is born 
of a misconception of the function of the 
research councils and of basic research as 
such. The board thinks it necessary to point 
out that it is not true to say that the 
research councils support only research for 
its own sake and that academic research is 
remote from the real world. 

As in previous annual applications for 
funds, ABRC acknowledges that there are 
limits to what can be afforded for basic 
research. But it insists that the government 
which ultimately foots the bill cannot ex- 
pect that new technologies will emerge 
unless there 1s basic science from which 
they can spring. The board’s application 
also argues that the pace of scientific ad- 
vance is now such that copying other in- 
novative technology is no longer a recipe 
for industrial success. 

Part of the board’s difficulty, this year 
as previously, is that the government ap- 
pears on the face of things to have kept the 
Prime Minister’s promise in 1980 that the 
research budget would be “‘protected’’. Us- 
ing the retail price index as a measure of 
inflation, the science budget has in fact in- 
creased by 6.4 per cent since 1981-82. Even 
allowing for the decline of the research 
councils’ other income, mostly by way of 
research commissions from government 
departments, amounting to roughly 7 per 
cent on a sixth of the total science budget 
during the same period, the total income 
of the research councils has increased by 
roughly four per cent. 

The board says that this simple 
arithmetic is misleading partly because the 
retail price index 1s not a good measure of 
the increased cost of research. Rather, the 
board calculates that the real volume of 
research supported with the funds within 
its purview has declined by 5 per cent over 
four years. Matters have been made worse, 
the argument continues, by the 8 per cent 
reduction (in real terms) of the budget of 
the University Grants Committee. 

The case is sustained by a harrowing ac- 
count of the changes which have been 
brought about within the research council 
system in the past few years. The total staff 
of the five research councils has declined 











by a fifth, by 2,000. But in general, ABRC 
says, the councils have found that the rate 
at which they are able to fire or redeploy 
staff is itself constrained by their shrink- 
ing budgets. 


The consequences of this state of affairs , 


are catalogued in detail. Thus, the submis- 
sion to the government is believed to say, 
the Science and Engineering Research 
Council is no longer able to make full use 
of new facilities because it cannot afford 
the research equipment, is having to pass 
up opportunities for international col- 
laboration for lack of funds, is unable to 
meet its commitments (to other government 
agencies) to encourage information 
technology and cannot give adequate sup- 
port to several named areas of research of 
vital industrial promise. 

Other lost opportunities cited by ABRC 
include the Medical Research Council's in- 
capacity to provide more than half the 
equipment needed for a new programme of 
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research in protein engineering at the 
Laboratory of Molecular Laboratory at 
Cambridge, the Natural Environment 
Research Council’s incapacity to par- 
ticipate in the new ocean drilling pro- 
gramme and the incapacity of the 
Agricultural and Food Research Council to 
afford more than a third of the cost of 
replacing outdated research equipment. 
By comparison with previous submis- 
sions, the latest request for more research 
money is terse, almost despairing, as if it 
had been judged imprudent that an unwill- 
ing government should be confused with a 
plethora of facts. ABRC will protest 
separately about the way in which the 
budget of the Agricultural and Food 
Research Council has been cut by £5 
million this year and by twice as much in 
succeeding years because of a Treasury 
edict. Meanwhile, ABRC’s modest request 
of government is £15 million for the year 
beginning next April, twice as much in the 
succeeding year and £40 million in 1988-89. 
On past form, ABRC’s submission and 
the response to it will be published in the 
autumn. Г] 





UK neuroscience 


New lab, old unit in new role 


BRITISH neuroscience was given a much- 
needed fillip last Friday with the 
inauguration of the new £25-million Merck 
Sharp & Dohme Neuroscience Research 
Centre near Harlow, Essex, which is 
dedicated to investigating chemical 
transmission processes in the brain. The 
hope is that one outcome will be the 
development of new drugs for treating 
neurological and mental disorders. The 
centre is at present paying particular 
attention to senile dementia (Alzheimer’s 
disease) and inhibitory pathways. 

The centre is directed by Dr L.L. Iversen, 
formerly head of the Medical Research 
Council (MRC) Neurochemical 
Pharmacology Unit at Cambridge. It will 
eventually employ about 160 professionals 
and 50-60 support staff, making it one of 
the largest brain research centres in the 
world. It comprises departments of 
medicinal chemistry, biochemistry and 
pharmacology, including neurophysiology 
and animal behaviour, but project teams 
will be interdisciplinary, involving staff 
from various departments. 

Iversen emphasizes the goal of designing 
drugs based on a knowledge of the 
structure and function of the membrane 
receptor sites for the appropriate trans- 
mitter chemicals, instead of the empirical 
synthesis of chemicals which are then 
screened for their effects on behaviour. The 
centre also includes a small clinical research 
unit to undertake preliminary trials of new 
drugs. There will be collaboration with 
universities, particularly under research 
council schemes for joint direction of 
research studentships, and with hospitals. 

According to Merck Sharp & Dohme, 





the centre has been established in Britain 
because of the ‘‘pathfinding leadership of 
British scientists in brain research’’. Its 
existence should provide much-needed 
encouragement to the younger generation 
of British neuroscientists. The grim job 
prospects in academic research are resulting 
in fewer good students going into neuro- 
sciences and many that do are leaving 
Britain after their training. The centre has 
already attracted several younger scientists 
back from the United States. 
Meanwhile, the Neurochemical Phar- 
macology Unit at Cambridge, threatened 
with closure a year ago, has been reborn. 
After a controversial two-year search to 
replace Dr Iversen as head of the unit (see 
Nature 309, 486; 1984), MRC has ap- 
pointed Professor E. Barnard of the 
Biochemistry Department, Imperial Col- 
lege, London, as the new director of the 
unit, now to be known as the Molecular 
Neurobiology Unit, from 1 October. In the 
same building as the MRC’s Laboratory of 
Molecular Biology in Cambridge, Bar- 
nard’s laboratory is intended as the focus 
in Britain of the use of molecular genetics 
techniques to study neurotransmitters. 
The new unit will have two main lines of 
research — the development of animal 
models for the study of muscular dystrophy 
and motor neurone disease, and the clon- 
ing of brain receptors and their genes, in 
particular ın nicotinic acetylcholine recep- 
tor and receptors for neuropeptides such 
as enkephalins and substance P. At full 
strength the unit will comprise five senior 
scientists and about 35 visitors, post- 
doctoral fellows, students and technicians. 
Jennifer Altman 
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-CORRESPONDENCE: 


More on nuclear winter 


SIR — The intrinsic ambiguity of 

' numerical simulations of atmosphere pro- 
cesses guarantees a protracted controver- 
sy about the phenomenon popularly call- 
ed ''nuclear winter", as for example 
described by Turco et ай. 

There are, however, ways of injecting 
large masses of soot into the high at- 
mosphere that are phenomenologically 
more explicit than those now described. It 
is necessary only to tell a systems program- 
mer where one guesses the source of car- 
bon should be and to ask him or her please 
to adjust the computer model according- 
ly. Consider targeting a coalfield. 

The integration of biomass over geo- 
logical time has endowed millions of square 


kilometres of the Earth's surface with fossil - 


fuel loadings in the range from 100 to 
10,000 g cm~? (ref. 2), compared with the 
1 to 50 g cm? that constitutes the carbon 
budget of the rural and urban fires in ref. 
I. An unknown fraction of this ubiquitous 
coal, lignite, oil shale and peat is either ex- 
posed or lies beneath a thin veneer of 
overburden?, and is at risk of interaction 
with energetic phenomena, including 
thermonuclear surface bursts and 
cataclysmic volcanism. 

Warheads with yields in excess of 0.5 
megatons detonated in such carbonaceous 
terrain can promptly transform the ground 
beneath into a mixture of carbonaceous 
plasma and particulates launched towards 
the stratosphere by direct entrainment in 
the rising fireballs. Efficiencies of roughly 
10 to 100 megatons of soot per gigaton ex- 
ploded seem likely (J. Nuckolls and L. 
Wood, personal communication). It should 
be noted that NATO (North Atlantic Trea- 
ty Organisation) and Warsaw Pact missile 
fields and fossil fuel fields are partially co- 
extensive, as are the loci of cataclysmic 
calderas and the massive (trillion ton) 
hydrocarbon resources that occupy > 10 
per cent by area of the western United 
States. 

Every few hundred thousand years, that 
region is host to a randomly located erup- 
tion of 250 to 2,500 cubic kilometres of in- 
candescent tephra. Dr Turco has express- 
ed his willingness to accept the largest of 
these events as analogues in their climatic 
impact to the dust baseline of ref. 1. In re- 
cent geological history, these eruptions 
have eviscerated about 5 per cent of the 
area in question. The worst-case scenarios 
arising from the interaction of caldera 
volcanism and fossil fuels involve both car- 

: bon and energy budgets that dwarf its in- 
puts of nuclear winter. What were the con- 
sequences — local or global, mild or 
catastrophic? 

A survey of the extent of their geological 
events and of their palaeoecological con- 
sequences might serve to illuminate the ex- 
tent to which the nuclear winter model is 
a valid predictor of the fate of the Earth. 
Since a rough calculation yields a mean 














time of rather less than 10 million years bet- 
ween events capable of producing 
catastrophic natural carbon injections, the 
fact that we are not extinct may be germane 
to the present controversy. . 

It remains to be seen whether the 
neologism ‘‘nuclear winter" will ever 
qualify as what philosophers of language 
call a ‘‘rigid designator in the real set", two 
examples of which are **Carbon County, 
Wyoming' апа ‘‘The Yellowstone 
Caldera”. I do not mean to consign *'the 
nuclear winter” to the null set, exemplified 
Љу ‘һе canals of Mars" апа ‘һе 
unicorn’’, but merely wish to point ош that 
a fossil rhinoceros in the hand is more 
amenable to analysis than two unicorns in 


_the software, and that a diligent search of 


the fossil record has turned up many a 
rough beast in the past. 

RUSSELL SEITZ 
American Security Council Foundation, 
Boston, Virginia, USA 


} Turco, OR , Toon, P В, Ackerman, T P , Pollack, ТР & 
< Sagan, C Science 222, (1983) ' 

Senz, R Reflections on Nuclear Winter in Proceedings of the 
4th International Seminar on Nuclear War. Nuclear Winter 
and the New Defense Systems, Problems and Perspectives, 
Erice, 19-29 August 1984 Reidel, in preparation 
Department of the Interior, Synfuels Resources (Washington, 
1983) 
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Nullius in verba 


Sir — In your reference to the motto of 
the Royal Society (Nature 2 May, p.9) you 
make two mistakes. First you misquote the 
motto itself, and then you give a totally 
false translation. 

„Тһе motto is Nullius in verba, the word 
nullius being the genitive whereas you give 
nullus, the nominative. 

Admittedly, the meaning of the motto is 
Obscure until one knows the rest of the line 
of Horace (Epistolae, 1, i, line 14) from 
which the words are taken. This reads: 
Nullius addictus jurare in verba magistri, 
which may be translated as **Not commit- 
ted to swearing by the words of any 
master". Here Horace declares to his 
patron Maecenas his own attitude to 
authority, and it is this rejection of authori- 
ty as a source of truth that the Royal Socie- 
ty expresses in its motto. Your translation, 
“nothing in words’’, is wide of the mark. 

ANDREW HUXLEY 
The Royal Society, p 
6 Carlton House Terrace, 
London SW1Y 5AG, UK 


Mass extinctions 


SiR — Coming when it did, Michael Ben- 
ton's article in News and Views (Nature 11 
April, p.496) must have appeared like man- 
na from heaven to the hundreds of geology 
and zoology undergraduates throughout 
the country, and presumably at his institu- 
tion too, preparing for their final examina- 
tions this summer. 





It is therefore important to' note that 
Benton chose not to include the single most 
parsimonious hypothesis underlying the 
phenomenon of mass extinctions, namely 
that extinction events are the result of any 
number of external but unrelated causes 
which, as a result of simple probability, ap- 
pear to occur with regularity. 

Whether he likes it or not, this single 
hypothesis, concerned as it is with historic 
events, will perpetually thwart any attempts 
to falsify it. The demonstration of cyclici- 
ty paralleling these events does not establish 
a cause/effect relationship. The isolation 
of a likely cause in one or two cases can- 
not be extrapolated to the whole. Similar- 
ly, the prediction of the cause of the next 
is not going to help the debate now. 

We are left with five explanations for 
mass extinction cycles. Arguments for and, 
against each view, though futile, will con- 
tinue. More detailed analyses of the fossil 
data, and refinements in dating events in 
the geological past, will not help ‘us to 
decide which view is correct, though.they 
may enable us to say which is most likely. 

GRAHAM B. WILSON 
Department of Anatomy & Biology 

as Applied to Science, | 
Middlesex Hospital Medical School, 
London WIP 6DB, UK 


Future of RGO . 


SiR — Philip Campbell commented in 





Nature (28 March, p.303) that the staffs of- 


the Royal Greenwich Observatory (RGO) 
and the Royal Observatory Edinburgh 
would greet with weary shrugs of resigna- 
tion the news that the Science and Eng- 
ineering Research Council (SERC) is to set 
up yet another committee to decide their 


. future. 


Dr Campbell is right in the sense that we 
have been subjected to so many of these ex- 
ercises, this will be the fourth since 1983, 
that much time which should have been 
spent on observatory projects has been 
dissipated in justifying our existence. 

The staff of this observatory are certainly 
not, however, facing SERC's latest 1n- 
vestigation in a spirit of resignation. On the 
contrary, we believe that what we have 
achieved and are continuing to achieve in 
spite of under-funding and uncertainty is 
proof that RGO is a viable and efficient 
base for the support of astronomical 
research for the United Kingdom and its 
international partners. 

Moreover, the scientific damage likely to 
be caused by any major disruptions at this 
stage when we are completing the new 
observatory on La Palma is too serious to 
contemplate with anything approaching 
resignation. The staff at RGO will be enter- 
ing into discussions on the situation with 
vigour and determination. 


J. DUDLEY - 


Acting Chairman, RGO Staff Side 
Royal Greenwich Observatory, 
Herstmonceux Castle, 

Hailsham, East Sussex BN27 IRP, UK 
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Trailing AIDS in Central Africa- 


A meeting in Senegal enabled AIDS researchers to learn more of the possible African origin of the 
virus that causes AIDS and virus-associated cancers in Africa. 


BECAUSE of growing evidence that the 
virus that causes acquired immune deficien- 
cy syndrome (AIDS) originated in Central 
Africa, AIDS researchers are turning to 
their atlases. Earlier this month, on 8-10 
May, some landed there for the first time 
to attend a meeting arranged by the French 
Association pour la Recherche sur le 
Cancer at the faculty of medicine in Dakar, 
Senegal, on virus-associated cancers in 
Africa. What they were forcibly reminded 
of 1s that in African terms, AIDS is an in- 
significant problem, but that most common 
forms of cancer in Africa are caused in part 
by viruses. 

At times the question of the origin of 
AIDS has seemed to be no more than a 
matter of geographical buck-passing — 
first between the United States and Haiti 
and then to and within Africa — but the 
Issue is much more serious. At its worst, 
the argument ıs that the virus (HTLV-II 
or LAV) has only recently emerged in 
virulent form, has been able to do so as a 
result of changing socio-economic factors 
in Africa and may be followed by equiva- 
lent conversions to virulence of other rela- 
tively harmless viruses. More optimisti- 
cally, the question becomes: can one learn 
anything from the origin of the virus that 
would help to contain the disease? 

Geographically, the finger of suspicion 
points at Central Africa, possibly Zaire, as 
the location from which the virus has 
spread. The data, however, are sketchy and 
dependent on what historical and contem- 
porary sera samples are available for ana- 
lysis, and to whom. From one of the most 
extensive surveys so far, G.de Thé of the 
CNRS, Lyon, provisionally concluded that 
the virus emerged in Kenya only after 1970, 
that there are still very puzzling differences 
between adjacent countries, and that there 
may be evidence of change of viral form 
in some comparative data. 

The evidence of change comes from the 
comparison of two tests, one of which (an 
enzyme-linked immunosorbent assay) is 
less sensitive to change than the other 
(“Western blotting" of proteins). That the 
current virus 1s very prone to change is 
clear. The sequences of viruses that came 
directly or indirectly from patients in New 
York in 1982-83 differ by only a few per 
cent, whereas the sequences of a virus from 
a Haitian taken in the same period and one 
from a resident of San Francisco isolated 
in 1984 show considerable differences 
Most variation is in the mid-portion of the 
gene that encodes the envelope protein of 


the virus. Up to 25 per cent variation is 
recorded there, according to W. Haseltine 
of Harvard Medical School. 

By definition, however, all of these 
isolates and the other hundred or so whose 
variation is fully documented in only a few 
cases, are from AIDS patients. All, 
therefore, have caused immunodeficiency, 
and no correlation has emerged between 
variation in viral structure and the precise 
manifestations of the immunodeficiency 
syndromes. The pressing question is 
whether such a correlation can be found 
and, im particular, whether the African 
population will yield variants that are less 
prone to cause AIDS and from which the 
"American" variants are descended. In 
other words, do viral differences account 
for the fact that AIDS in Central Africa 
seems to be equally distributed between the 
sexes and transmitted by heterosexual ac- 
tivities rather than largely by homosexual 
practice and blood or its products? Or are 
these differences only a temporary reflec- 
tion of the initial entry of the virus into the 
industrialized nations through the 
homosexual community? The signs are 
more that the latter is the case. 

Now the focus of attention has shifted 
to the African green monkey. Most of some 
recently collected specimens from the wild 
m Zaire contain serum proteins 
characteristic of HTLV-III/LAV and yet 
are healthy, according to M. Essex from 
Harvard School of Public Health. A com- 
parative study of the monkey and human 
virus together with that which caused an 
outbreak of AIDS-like disease in a captive 
colony of Macaque monkeys in the New 
England Primate Center may help to clarify 
the origin and virulence of HTLV-III/LAV 
and suggest approaches to vaccination or 
therapy. 

A separate reason for delving deeply in- 
to variants is to discover whether sequence 
changes are responsible for some of the 
human pathologies other than AIDS with 
which HTLV-III/LAV is coming to be 
associated. R. Gallo from the National 
Cancer Institute in. Bethesda, Maryland, 
pointed in particular to an association with 
brain abnormalities ih children without im- 
mune deficiency; evidence exists for the 
presence of replicating virus in the human 
brain, particularly in glial cells. Such 
evidence tends to strengthen the claims of 
both Gallo and S. Wain-Hobson, of the In- 
stitut Pasteur in Paris, that HTLV- 
ILI/LAV is related to the lentiviruses, of 
which the prototype is visna virus, which 


causes a slowly progressive demyelinating 
disease of the central nervous system of 
sheep. Gallo also tentatively suggested a 
new pathological involvement of the virus 
that would dispense with the first word of 
idiopathic thrombocytopaenic purpura. 

While AIDS is a growing concern in the 
industrialized nations, African priorities пе 
elsewhere. In Senegal, for example, either 
there is no AIDS or it has not yet been 
recognized, whereas many die from a liver 
cancer caused in part by hepatitis B virus. 
In Africa generally this, and cervical cancer 
are major types of cancer. A third virus- 
associated cancer in Africa is Burkitt’s lym- 
phoma, an infrequent disease but respon- 
sible for many childhood tumours and 
causally linked to the Epstein-Barr virus. 

None of these viruses causes cancer 
without contributory factors, of which 1m- 
munodeficiency is the most interesting to 
AIDS researchers. For Burkitt's lym- 
phoma, immonodeficiency — in the form 
of lost of T-lymphocyte control of Epstem- 
Barr virus infected B cells — is induced by 
malaria, as shown by H. Whittle of the 
MRC Laboratories, The Gambia. And a 
mini-epidemic of Burkitt’s lymphoma in 
US AIDS patients suggests that any form 
of immunosuppression is liable to activate 
the latent virus. 

Hopes, however thin, are pinned on the 
development of a vaccine against HTLV- 
III/LAV. For the hepatitis B virus, vac- 
cines are already in trial but for the Epstein- 
Barr virus the first glimpse of a vaccine was 
provided in Senegal by M.A. Epstein of the 
University of Bristol. The vaccine is com- 
posed of one of the major proteins of the 
virus and protects cotton-top tamarins 
against cancers induced by the virus. The 
tamarin disease does not altogether resem- 
ble the human disease and the frequency 
of Burkitt's lymphoma may never warrant 
mass vaccination in terms of cost. In Asian 
countries where the virus is a part cause of 
nasopharyngeal cancer, vaccination may be 
more realistic. Epstein foresees an initial 
trial of the vaccine against mononucleosis, 
the relatively mild result of infection by the 
virus after childhood. 

The AIDS researchers who dropped in 
on Senegal need African collaborators in 
order, at the least, to carry out extensive 
trans-African surveys of AIDS, its virus 
and its origins. The Africans leaving 
Senegal knew at least that they had increas- 
ed the awareness of the diseases and 
priorities in Africa among those who could 
provide help. Peter Newmark 
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Contamination or. source- 
region heterogeneity? 


from Alex Halliday 


OVER the past thirty years considerable ef- 


fort has been invested in using the isotope. 


compositions of certain elements (princi- 
pally Sr, Pb, Nd and O) to reveal informa- 
tion about the chemistry and history of the 
source regions of magmas. There are two 
causes of variation in isotope ratios — 
radioactive decay (for example, the produc- 
tion of ®’Sr from ВБ) and mass- 
dependent isotope fractionation during re- 
actions. In the first case, the isotope com- 
positions tell us about the chemical history 
(that is, the age and parent/daughter ele- 
mental ratios) of the source. In the second 
case we can, in addition, learn about some 
specific processes that operated in the 


magma itself. Such data have been funda- ` 


mental in solving major petrological prob- 
lems such as the origin of granites and 
basalts. This has led to a relatively detailed 
knowledge of the chemical structure and 
evolution of the Earth's mantle and of the 
growth of the continental crust. `- 
But the case is not always as clear cut. 
There is still debate over the interpretation 
of the isotopic characteristics of rocks 
believed to have formed in the mantle but 
to have risen through the continental crust. 
The argument centres on the relative roles 
played by contamination by the continen- 
tal crust and inheritance of features from 
the sub-continental mantle. The problem 
is fundamental to the origin of igneous 
rocks and is made worse by the range and 
complexity of potential contamination 
mechanisms, for example, by fluids or par- 
tial melts, which produce non-diagnostic 
effects. One school of thought discounts 
crustal contamination on the basis of banal 


assumptions about the probable effects,' 


whereas those from the other school simply 
1gnore the possibility that anomalous man- 
tle is important. Attempts to resolve these 
views have often resorted to lengthy con- 
voluted arguments. 

Fortunately there are some studies which 
have shed light on this confusion and have 
provided clear evidence for both open (con- 
taminated) system behaviour and the ex- 
istence of anomalous mantle. The recent 
work of Cortini and van Calsteren! is 
refreshing in that they have studied the 
genesis of lavas from southern Italy by 
determining the Pb isotope composition in 


- separated phenocrysts (thought to Бе ' 


crystals precipitated from the magma) as 
well as in whole rocks. The observation of 
a systematic isotope disequilibrium led.to 
the conclusion that some open system pro- 
cess has operated, which clearly could not 
have been demonstrated so unambigously 
if the authors had simply analysed the 


whole rock samples. Remarkably few such. 








detailed dissections of lavas have been per- 
formed previously, although studies of 
nodule suites?? have provided incontro- 
vertible evidence for anomalous sub- 
continental mantle and others have proved 
the presence of crustal components in 
plutonic rocks*?. Having said this, study- 
ing minerals separated from volcanic rocks 
for signs of open systems behaviour is not 
пем&8, and the evidence acquired for 
significant isotope disequilibrium has been 
ascribed to a number of possible causes. 

These kinds of studies highlight two im- 
portant features that could provide the key 
to understanding the genesis of young 
volcanic suites. First, detailed studies that 
include mineral separation and analysis of 
individual mineral grains and glass, al- 
though tedious, are of immense potential 
value in providing clear evidence of open 
system processes. One might further en- 
visage that with the development of ion- 
probe techniques detailed spatial resolution 
of trace-element concentration and oxygen- 








isotope composition will also be 
an exceedingly powerful way to proceed. . 
Second, much more information on 
petrogenetic processes can be obtained by 
using various isotope techniques to study 
the samples. The elements in, silicate 
systems vary in their mass-transfer response 
to different conditions and processes. 
Hence, it is now simply inadequate to study ` 
contamination with a single isotope 
method. It is also a less efficient use of re- 
sources to use different samples when us- 
ing different techniques. Combined isotope 
studies optimize information with which to 
define uniquely a signature for a compo- 
nent or process. As there are many igneous 
provinces for which the crustal contamina- 


"tion versus enriched mantle debate is still 


unsettled, it is to be hoped that fresh ap- 
proaches will provide further rigorous 
testing for the two hypotheses. C 
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Tumour immunology 


Molecular basis of tumour spread 


Лот lan В. Нагі 


METASTASIS, the spread of tumours 
throughout the body, is a process of ob- 
vious! clinical significance. Despite the 
fundamental importance of the pheno- 
menon, relatively little is known about the 
molecular and cellular mechanisms of its 
regulation and control. One way in which 
disseminating malignant cells may evade 
host defences is suggested in a report on 
page 301 of this issue, where transfection 
of neoplastic murine cells with 77-2 genes 
is accompanied by nullification of their 


' metastatic capacity!. 


Major histocompatibility complex 
(MHC) class 1 antigens (termed H-2 K,D 
and L in mice) are distributed widely on 
nearly all cell types and play an obligatory 
role іп immunoregulation; cytotoxic Т 
lymphocytes only recognize ‘foreign’ an- 
tigens when they are associated with these 
class I molecules. Immune regulation of 
tumour growth and development, then, is 
not solely a consequence of tumour-cell an- 
tigens but also depends on MHC class I an- 
tigen expression, as demonstrated ex- 
perimentally in recent studies using DNA 
transfection techniques”. If solid tumour 
growth can be affected so profoundly by 
class I antigen expression, how much more 
likely are metastasizing cells, travelling 
through the body singly or in small clumps, 











to be affected by a similarly regulated im- 
mune response? The answer, provided by 
Hammerling and'colleagues!, seems to be 
that such effects are just as dramatic. 
Two clones from the murine T10 sar- 
coma, one metastatic and one non-meta- 
static but both lacking' expression of H-2 
molecules encoded by the K-end of the H-2 
complex, were transfected with H-2K* or 
H-2K* genes. Expression of, these H-2K 
antigens in the metastatic clone was found 
to be associated with a profound decrease 
in metastatic capacity as determined in 
immunocompetent recipient mice. Meta- 
static capacity in immunologically depleted 
animals remained unimpaired, thus demon- 
strating the central involvement of the im- 
mune response in this phenomenon. 
Limitation of metastatic spread by an 
immune response regulated through MHC 
class 1 antigens not only offers hope for 
potential therapeutic application (inter- 
ferons, for example, induce a marked in- 
crease in the surface expression of these 
molecules), but also suggests that an inverse 
relationship exists between malignancy and 
expression of MHC class 1 molecules‘. 
This phenomenon may account for the 
marked heterogeneity that exists for the 
metastatic phenotype in tumour cell pop- 
ulations’. Some findings are consistent 
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with the existence of such an association; 
* melanoma metastases may lack HLA-DR 
"antigen expression®, and malignant mam- 
‘mary carcinomas may exhibit a deficiency 
zin HLA class 1 antigen expression??. Cer- 
“tainly, future studies will test the general- 
ity of this association, although unfettered 
enthusiasm for such an all-encompassing 
theory on how tumour dissemination oc- 
“curs must even now be tempered by the 
< knowledge that suppression of MHC class 
` 1 gene expression is not a universal charac- 
teristic of malignant tumours, пог are 
-specific immune mechanisms the only host 
defence systems capable of modulating 
"metastatic. spread?. Indeed, increases in 
МНС class 1 gene expression may also be 
“associated with metastatic capacity. Earlier 
studies have shown that expression of the 
-| D* molecule may contribute to the meta- 
_ Static behaviour of tumour cells!?; and a 
imilar association between metastatic ac- 
tivity and expression of a gene homologous 
о MHC class 1 antigens has been establish- 
ей in another murine tumour system!!. 
Recently the metastatic phenotype has 
_ been expressed by Ha-ras oncogene-trans- 
_ formed. NIH 3T3 mouse fibroblast cells 
ollowing transfection with genomic DNA 
isolated from a human metastatic tum- 
our", Acquisition of metastatic capacity 
^'ocorrelates with the presence of discrete 
‘human DNA fragments, possibly represen- 
ting a novel gene. Metastatic spread of the 
Ha-ras-transformed cells occurred in 
immunoincompetent (irradiated) nude mice 
` but not in immunocompetent, histocompa- 
tible mice; the metastatic transfectants are 
. capable of metastasizing both in immune 
























































-. Scrapie 





. Persistently puzzling prions енна ы. 





from. Tim: Harris 








© MANY features of scrapie — a degenerative 
neurological disease of sheep and goats — 
including pathological similarities to the 
human degenerative diseases kuru’ and 
Creutzfeld-Jacob disease, suggest that it is 
- caused by a ‘slow’ virus. The inability to 
find any typical virus particle consisting of 
с nucleic acid and protein, however, coupled 
мі the unusual resistance of infectivity to 
s agents that normally inactivate nucleic 
acids, has led to some radical thinking 
about the nature of the scrapie agent, It has 
~.sbeen proposed, principally by Stanley 
¿Prusiner and his colleagues!?, that a new 
1 type of proteinaceous infectious particle or 
: ‘prion’? is involved in scrapie infection (for 
"U review, see ref.3). Two recent studies*‘, 
one reported on page 331 of this issue’, 
“have now begun to produce molecular 
evidence that call this claim into question. 
The evidence for the existence of prions 
stems largely from the fact that scrapie 

<: infectivity. is proteinase sensitive, and that 
. rod-shaped particles resembling amyloid 
i rved to co- x migrate with 






























depleted and in immunocompetent mice. | 
Presumably the transfected gene confers | 
some protection against the immune system | 
and an attractive possibility is that this gene 
could turn out to be homologous to the 
putatively suppressogenic 77-2D!-!!, 
Unfortunately, such attempts to seek a 
single unifying explanation for the regula- 
tion of metastatic spread are probably over- 
simplifications; the complex multifactorial 
nature of the phenomenon suggests that. 
answers obtained are likely to be as varied 
as the models used to address the questions. 
The true significance of Hammerling et: 
al.’s report!, along with other recent 
studies, may lie in the fact that these in- 
vestigations represent the first applications 
of the techniques of modern molecular 
biology, such as gene transfer, to the cen- 
tral problem of clinical cancer and to a still 
major conundrum of tumour biology. (3 
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relief that the central dogma is still int. 
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Fields, London WC2A 3PX, UK. because unless the protein in infected tissue 
is subtly different to that in normal tissue 
(as has been found for certain cellular on 
genes), then it seems unlikely that PrP 








degradation of which may be altered as 
result of scrapie infection. 

Nevertheless, the clarification of th 
origin of PrP 27-30 still does not explai 
the nature of the scrapie agent. In 
negative way it does lend tacit support. t 
the more conventional argument for asm 
scrapie-specific nucleic acid, suggested 
the existence of different strains of th 
agent’. Whether this nucleic acid is co 
tained in a small virus particle with a low 


infectivity in sucrose density gradients. SDS 
polyacrylamide gel electrophoresis of the 
proteins in this fraction (where infectivity 
is considerably enriched with respect ‘to 
protein) has revealed a single polypeptide, 
PrP (prion protein) 27-30, of relative 
molecular mass 30,000; no nucleic acid has 
been found to be associated with it. Several 
models for the mechanism of prion repli- | particle-to-infectivity ratio, or is viroid-li 
cation have been put forwards, the most | and not encapsidated is not clear. But wh 
heretical of which are that the protein is | is clear, now that PrP has been shown 
back-translated into nucleic acid (as yet | be the product-of a cellular gene, is that the 
achieved only by computer), or that PrP | hunt for the real scrapie agent is back wit 
is a template for its own synthesis. | a vengeance, 
Recently, PrP has been purified and its | 1, Bendheimi, P.E. èr al: Proc. nam. Acad. Sc USA. 82,99 

partial amino-acid sequence obtained. The | (1985). ( 
availability of this sequence for the design | 1 presoen Со” 38. 127 (1984). 
of oligonucleotide probes means that, if | 
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р > - e ` й (Springer, 1977). 
the degree of interest in the elusive scrapie 
agent, it is not surprising that this has hap- 
pened sooner rather than later. 
These molecular studies*^ present the 
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Heavy-ion physics 






from Joshua Silver 


WHEN an energetic very heavy ion passes 
close to the nucleus of a heavy atom in a 
ol target, positrons may be spontaneously 

ithin. he electron shells of the 




















GA at GSI Darmstadt, West Germany, 
ауе been examining this phenomenon. One 
articularly exciting possibility emerging 
om these experiments is that extremely 
eavy nuclei, with atomic number and mass 
bout.180 and 470 respectively, might be 

oduced. in heavy-ion scatterings. 

though such products would be short 

ed, they might open up the: study of atoms 
vit unprecedented properties. 

sider an atom of variable nuclear 

rge Z. As Z increases, the binding energy 

the innermost electrons, E(1s), becomes 

re negative. Forgetting for a moment the 

act that there are no atoms with Z > 109, 

e may calculate E(1s) using the Dirac 

equation with a Coulomb potential for 

bitrary Z. It is found’? that for a non- 
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Fig.1 Energy spectra of positrons produced from 
:ollisions of a, VUZ = 92) on "Cm (2 = 96); 
UTh(Z = 90) on "CM (Z = 96); с, PFU (Z 
92). Bombarding energies are ~ 6 MeV АС!, 
and the angular range (of the order of 100) of the 
dons scattered in coincidence with the detected 
Ositrons gives the most pronounced ~ 300keV 
: Tine i in з each case (from ref. js 


Giant nucleus at Darmstadt? 











zero nuclear charge radius, E(1s) falls below 
—2meč for Z 2 173, where me is the rest 
mass of the electron and c is the velocity of 
light. When E(1s) is less than — 2mgc’, the 
discrete bound electron state becomes de- 
generate in energy with a three-particle con- 
tinuum state, consisting of two bound 
electrons plus an outgoing positron wave. 
It was first suggested by Gershtein and 
Zel'dovich! that this ‘autoionizing’ mode 
of spontaneous positron production might 
be observable in heavy-ion collisions. The 
idea is that for a sufficiently close collision 
of two very heavy ions, it is possible for the 
‘innermost’ 15 electrons of the projectile or 
target atom to experience a Coulomb field 
similar to that from a nucleus with Z 2173, 
so long as Z, + Z, 2.173, where Z, is the 
atomic number of the projectile ion and Z, 
the atomic number of the target atom*. 
This approach, however, suffers from a 
weakness — in the words of Müller?, the 
method is ‘‘both a curse and a gift"; the 
rapid time variation of the Coulomb field 
during the collision leads to ionization of 1s 
electrons from the collision partners, there- 
by creating vacancies. This is the ‘‘gift’’, in 
that spontaneous production of positrons is 
suppressed by the Pauli exclusion principle 
if the 1s levels are full. However, the time 
variation of the Coulomb field is also res- 
ponsible for induced positron production 
which can mask the spontaneous process. 
Calculation of the relative probabilities of 
the spontaneous and induced processes is 
difficult; for completely elastic scattering 
along Rutherford trajectories the two pro- 
cesses cannot be distinguished in principle. 
There is also a contribution to the total posi- 
tron production from nuclear mechanisms. 
Three experimental groups have used the 
heavy-ion accelerator at GSI Darmstadt for 
several years to search for spontaneously 
produced positrons. In the past two years, 
these groups have observed a new 
phenomenon that is difficult to explain®*. 
For coincident observation of positrons with 
particles scattered in well-defined angular 
ranges, and at well-defined ion-beam 
energies in a narrow interval around the 
Coulomb barrier, the energy spectra of the 
positrons produced during a collision can 
show a distinct ‘line’ at around 300 
keV.Typical spectra are shown in Fig. 1. The 
width of this line may be used to infer a 
duration for the collision, simply from 
Heisenberg's energy-time uncertainty rela- 
tion. The smallest widths observed so far 
(about 60 keV) translate into a characteristic 
time for the positron production process of 
the order of 107 ' seconds. Now it is also 
possible, from the dynamics of the collision, 
to estimate the time during which the colli- 
sion partners are sufficiently close together 
for the transient ‘united atom’ Coulomb 
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Fig. 2. Electron-binding energies, 1, for the three 
most bound states (top) and the internuclear. 


separation, Rid), for iwo ™U nuclei as a function; 


of time (bottom) Гога collision between a sta- 
tionary target nucleus anda projectile with energy ~ 
1:40 GeV, with impact parameter b = 0, Note - 
that Els) is < ~ 2тес fora time of the order of 
2x10 ^?! s for this collision (from ref. 10). 


field to be large enough to give rise to spon- 
taneous positron emission. For the typical 
system SU + VSU at a beam energy of 
1-40 GeV and a head-on collision, this time 
is 
the duration inferred from the width of the 
positron line (Fig. 2). What is going on? 
One possible explanation is the. form- 
ation, during the collision, of a transient 
‘giant di-nuclear system’ or ‘giant nuclear 
molecule’. which lasts for at least 107 '? 
seconds. At present, it is not clear that this 
explanation is correct or complete, and one 
problem that is not easily explained is that 
the most well-defined positron lines are all 
at an energy of about 300 keV. Nonetheless, 
the possible creation of an (albeit transient) 
nuclear system with an atomic mass of about 
470 and an atomic number of around 180 is 
most exciting and has triggered more experi- 
mental and theoretical work, in an attempt ~~ 
to understand what is really happening. 
With the increasing availability of heavy- 
ion beams of suitable energy it is likely that 
this phenomenon will soon be better 
understood. 
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Stars and stripes present the colours 


from lan Thompson 


THE primate prestriate cortex contains 
several visual areas, each with its own 
representation of the visual field and a par- 
ticular set of receptive-field properties. 
Their major input arises from striate cor- 
tex (V1, sometimes termed area 17) either 
directly, or indirectly via the projection 
from V1 to V2. How, then, is the observ- 
ed diversity of function generated by the 
input from V1 and V2? Does it depend on 
specific intra-cortical processing within 
each area or does it arise because each area 
receives a functionally specific input? Two 
papers on pages 322! and 325? of this issue 
and one in the press? provide complemen- 
tary information on how anatomical and 
functional inhomogeneities within one 
visual area (V2) are related to the neuronal 
projection pattern between V2 and areas in 
the prestriate cortex concerned with colour 
(V4) and movement (termed V5 or MT). 

Neurones in V4 and in V5 (MT) display 
marked differences in some of their 
stimulus specificities. In V5 (MT), they 
are selective for the speed and direction 
of a moving object, irrespective of its 
colour^*, The responses of cells in V4 are 
much more dependent on the spectral pro- 
perties of the stimulus** and may display 
some form of colour constancy’. How do 
these differences arise? 

One possibility is that there are separate 
populations of neurones in V2 projecting 
to the two areas. Using retrogradely 
transported tracers injected into V4 or V5 
(MT), Shipp and Zeki' have demonstrated 
bands of labelled neurones in V2 that lie 
orthogonally to the V1/V2 border. Stripes 
with this orientation in V2 are also seen 
with another neuroanatomical method, 
staining for the distribution of the enzyme 
cytochrome oxidase (part a of figure), but 
Shipp and Zeki note that the spacing of the 
bands of labelled neurones is twice that of 
the cytochrome oxidase stripes. In 
favourable sections, especially from infra- 
granular layers of macaque cortex or from 
squirrel monkeys, the dark cytochrome 
oxidase-positive stripes appear alternately 
thick and thin, separated by light 
(cytochrome oxidase-negative) interstripe 
zones. Where identification of thick and 
thin stripes was possible, Shipp and Zeki 
report that neurones labelled after a V5 
injection coincide with thick cytochrome 
oxidase stripes, whereas cells labelled from 
V4 are associated with thin stripes or, oc- 
casionally, with the interstripe region (fig- 
ure b,c). They conclude that the output 
neurones from V2 to V4 or to V5 (MT) are 
clustered into alternating bands. This con- 
clusion is elegantly confirmed by DeYoe 
and Van Essen? who use two tracers that 
fluoresce at different wavelengths, one in- 
jected into V4 and the other into MT (V5). 
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In V2, adjacent bands are labelled with dif- 
ferent tracers and no cells are obviously 
labelled with both. 

Given the anatomical heterogenity in V2, 
is there any corresponding grouping in the 
physiological properties of its neurones, as 
suggested by an earlier 2-deoxyglucose 
study*? Using electrophysiological tech- 
niques, all three groups? describe cluster- 
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smaller than that of its receptive field. An 
optimally sized spot is thus equally effec- 
tive in several positions in the receptive 
field, a characteristic of complex cells. 
Hubel and Livingstone postulate that this 
type of receptive field represents a compar- 
able transformation with that occurring be- 
tween oriented simple and complex cells. 
The ‘non-complex’ double-opponent cells 
are first seen in V1, possibly reflecting a 
convergence of afferents from the lateral 


geniculate nucleus in the thalamus, analo- — 


gous to that generating oriented simple 
cells’. 
The existence of distinct anatomical 


pathways within V2 projecting to Vd orto - 





Schematic summary of connectivity patterns within pre-striate cortex taken from refs 1-3. 
Photomicrograph a shows the distribution of cytochrome oxidase staining in a tangential section 
through V1 (area 17) and V2 (area 18) of squirrel-monkey cortex. A characteristic neuronal con- 
nectivity pattern exists between the spots in V1 and the stripes in V2. b, V2 projects both to V4 
and to V5 (MT) with the cells of origin of both projections clearly segregated into alternating 
bands in V2 (c), depicted by the circle and diamond symbols. An association between the cells 
of origin and the thick and thin cytochrome oxidase stripes (stippling) is also described in c. 


ing of receptive field characteristics such as 
colour, orientation and directionality. Un- 
fortunately, the reports differ in the details 
of the relation between the clusters and the 
stripes. One contributory problem seems to 
be reliable identification of thick and thin 
stripes. DeYoe and Van Essen? minimize 
the problem by combining quantitative 
electrophysiology, fluorescent tracers and 
cytochrome oxidase staining. They describe 
an association of colour selective units with 
the distribution of cells projecting to V4, 
which they find can arise from both the thin 
stripes and interstripes. 

The suggested association of colour cells 
with thin cytochrome oxidase stripes in V2 
is interesting because these stripes are 
thought to be the termination site of the 
projection from the cytochrome oxidase 
blobs іп УІ». Having found previously 
that V1 blobs were associated with non- 
oriented double-opponent colour cells?, 
Hubel and Livingstone? now describe a 
receptive-field type, associated with thin 
stripes in V2, which they suggest represents 
an hierarchical elaboration of the VI 
double-opponent cell. The new type is also 
non-oriented and double-opponent but 
shows spatial summation over a region 





MT (and possibly also to other areas?) 
raises several interesting questions. How is 
the visual image represented in each 
pathway? Does each contain a separate 


map or is the scatter in the topography of 


V2 sufficient to ensure adequate represen- 
tation in each projection? Magnification- 
factor data would be welcome. The 
anatomical sub-regions are large with the 
repeat distance from thin stripe to thin 
stripe between 2.5 and 5 mm. Thus, finer- 
scale functional representations are possi- 


ble in the sub-regions, indications of which — 


can be seen in the 2-deoxyglucose results, 
In fact, it would be surprising if all neu- 
rones within a sub-region were functionally 
identical. Quantitative investigation of 
distributions of response properties 
should generate a clearer picture of visual 
analyses performed in the different 
visual regions. 

Finally, what developmental mechanisms 
generate the anatomical and functional 
diversity? The pattern of retrogradely 
labelled cells in V2!? is reminiscent of the 
banding of afferent terminals seen when 
two projections map onto the same neural 
sheet, for example, ocular dominance col- 
umns in striate cortex or in the tectum of 
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"three-eyed frogs!?. Are the two patterns 
"analogous, providing a solution to the pro- 
blem of accommodating two maps in one 
structure? If separate maps do occur in one 
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Protein crystallography 


from Jim Barber 


PHOTOSYNTHETIC organisms contain 
specialized proteins — reaction centres — 
t function to convert the energy of an 
absorbed photon into the chemical poten- 
ial necessary to synthesize organic mol- 
cules. In all classes of photosynthetic 
rganisms the reaction centre is embedded 
a membrane matrix with closely assoc- 
ted pigmented proteins acting as light col- 
n systems. Photons absorbed by these 
ght-collecting proteins cause excitations in 
ie pigments, which are efficiently transfer- 
'd to the reaction centre. On arrival at the 
centre the excitation causes a rapid charge 
aration, the primary step in the conver- 
of light energy to chemical potential. 
‘This charge-separation process has some 
'markable features which have not yet 
been reproduced in artificial photochemical 
ystems. The most striking features are the 
eed of the process, which occurs within 
ew. picoseconds, and its very high effi- 
iency. Although some elegant experimen- 
al and theoretical studies have attempted 
о elucidate the mechanisms by which reac- 
on centres bring about energy conversion, 
rogress had been hampered by the 
nkown molecular organization of com- 
nents of the protein. Such restrictions 
ave now been lifted because of the suc- 
cess of a group working in Munich, who 
ve crystallized the isolated reaction 
entre of Rhodopseudomonas viridis. 

R. viridis is a gram-negative non-sulphur 
hotosynthetic bacterium first identified 
only twenty years ago. It contains bac- 
‘teriochlorophyll-b (BChI-b) as well as 
*several different carotenoids. The bulk of 
these pigments make up the light-collecting 
“system but a small percentage of the 
BChi-b and carotenoids is found in the 
reaction centre protein. The precise com- 
position of the R. viridis reaction centre 
was not known until it was isolated as a 
complete functional entity by J. Thornber 
et ul. (Biochim. biophys. Acta 172, 351; 
1969). It was soon established that this re- 
action centre contained four BChl-b 
“molecules, two of which form a ‘special 








These are able to undergo photo- 
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area, then there is a problem with the idea 
of a one-to-one relationship of function 
to cortical area. Pursuing the ocular- 
dominance column analogy, do the projec- 
tion bands develop from an initially 
uniform distribution? Recent results from 
the cat are suggestive — Price and 
Blakemore have found that cells projecting 
from area 17 to area 18 initially have a con- 
tinuous distribution that becomes patchy 
during development!!. o 








lan Thompson is in the University Laboratory 
of Physiology, Oxford OX1 3PT, UK. 





A reaction centre elucidated - 


oxidation, detected as an absorption 
decrease at 960 nm (P960). The isolated 
protein also contains two molecules of 
bacteriopheophytin-b (BPhe-)), 
quinone molecules (menaquinone and ubi- 
quinone), a non-haem iron atom and four 
cytochrome c molecules, two with absorp- 
tion peaks at 553 nm (C553) and two at 558 
nm (C558). Gel electrophoresis indicated 
that the isolated protein is a complex con- 
sisting of four different polypeptides 
of relative molecular mass (M,) 38,000, 
33,000, 28,000 and 24,000. The last three 















two | 





polypeptides are ‘analogous to those i in the US 
reaction centres of other purple bacteria 


and have been designated H (heavy), M 


(medium) and L (light) subunits, respectives: ee 


ly. The M, 38,000 component is only 
found in the R. viridis reaction centre and 
is the polypeptide that binds C553 and 
C558. 

Since the study of Thornber ef aL, the 
composition and spectroscopic properties 
of the R. viridis reaction centre have been 
established using a range of techniques in- 
cluding electron spin resonance, nuclear 
magnetic resonance, picosecond absorption 
spectroscopy, fluorescence transients and 
linear and circular dichroism. As a cons- 
quence of these investigations new theories 
of electron tunnelling and charge stabiliza- 
tion have emerged and structural models 
have been postulated. 

Three years ago, H.Michel successfully 
obtained crystals of the R. viridis reaction 
centre suitable for high resolution X-ray |. 
diffraction analysis which: maintained. 
photochemical activity (J. molec. Biol. 158, 
567; 1982) In collaboration with J: 
Deisenhofer, D. Epp, K. Miki and R. 
Huber, he has now been able to determine ` 
the structure of these crystals to a 3 А 
level of resolution (J. molec. Biol. 180, 385; 
1984). The structural details confirm 
predictions from spectroscopic measure- 


ments as well as revealing some unusual. 


features, still of unknown meaning. s 
According to X-ray analysis, the protein: 
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Models for the reaction centre of Rhodopseudomonas viridis. a, Relative positioning and orientation 
of the prosthetic groups of the reaction centre showing the special pair (BC Hb, two monomeric 
bacteriochlorophyll-b (BChl), two monomeric bacteriopheophytin-b (BPh), one non-haem iron (Fe), 
one menaquinone (MQ) and the four cytochrome haems (HE). The central local symmetry axis runs 
vertically in the plane of the picture. Broken lines suggest the position of the membrane whose plane 


is assumed to be orientated perpendicular to the central local symmetry axis. (Modified from Deisenhofer 20 
et al. J. molec. Biol. 180, 385; 1984.) b, Schematic drawing of the reaction-centre complex showing 7 

menaquinon; Q,, ubiquinon, which is lost during cystallization. 27. 
The special pair (BChl),, В Chl, BPh and Q, are located in a cylindrical part of the reaction септе. 
Bound cytochromes (C553 a C558) occur as high potential haems, assumed to be reduced to solu- : 
ble cytochrome c,, (Fe?* — Fe**) and in closest proximity to the special pair, as low potential haems, 
which can presumably be reduced by organic: acids (XH). ee, 


electron-transport pathways. Q 
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complex has an elongated shape with three 
clearly distinguishable regions. The central 
portion consists of the L and M polypep- 
tides and is a 50-À long cylinder with an 
elliptical cross-section of diameters between 
50 and 70 A. To each flat face of the 
cylinder, a globular subunit is attached so 
that the longest dimension of the entire 
reaction-centre complex is about 140 A. 
One of the globular subunits contains the 
four haem groups of cytochromes C553 
and C558, and the central cylinder is the 
site for the four BChl-5, two BPh-b and 
a high electron-density peak from a non- 
haem iron atom. The other globular struc- 
ture is presumably the H-subunit, known 


"not to be directly involved in the photoac- ` 


tivity of the reaction centre. 

Although the Munich group has not fully 
elucidated the complete polypeptide struc- 
ture, it has obtained details of the spatial 
relationships between various components 
~ involved in charge stabilization (see figure). 

A prominent feature is that the BCh1-5 and 
BPh-b molecules are arranged with an ap- 
proximate 2-fold rotational symmetry. The 
rotation axis runs through (or nearly 
“through) the non-haem iron atom and 
through two closely associated BCh1-5 
. molecules, whose pyrrole rings are stack- 
ed on each other. These two BChl-5 
molecules are the ‘special pair’ correspon- 
ding to P960; the X-ray diffraction data in- 
dicate that a linkage exists between the 
magnesium atom of one tetrapyrrole head 
and the acetyl group of ring 1 of the other, 
a conclusion which invalidates an earlier 
suggestion that water was involved in bridg- 
ing. The average distance between. the 
atoms of the tetrapyrrole heads is 3 A 
with a Mg-Mg distance of 7 A, and the 
angle between the ring planes is about 15°. 
Interestingly, the other two BChl-5 mole- 
cules are symmetrically spaced from the 
special pair at a Mg-Mg distance of about 
13 A and an angle of 70? between the 
planes of the tetrapyrrole head groups. Both 
the monomeric BCh1-5 molecules contact 
BPh-d, with a spacing between ring centres 


of approximately 11 A and a 64° angle | 


between ring planes. Although all the tet- 
rapyrrole rings are on the same 2-fold rota- 


tional axis, their phytyl side chains are not. 


The non-haem iron atom is positioned 
on the 2-fold rotation axis and is linked to 
at least three histidine residues, one of 
which has an electron density close to it that 
is indicative of menaquinone (Q4). The 
iron-quinone distance is approximately 
7 A and, significantly, in the symmetry- 
equivalent position to the quinone ring 
related by the 2-fold axis, is an empty 
*pocket' in the protein. Michel and col- 
laborators suggest that this empty pocket 
is the ubiquinone binding site termed Q,. 
"Although the haem groups in the 
cytochrome subunits do have a symmetrical 
arrangement, they are not positioned on the 
2-fold rotational axis relating the BChl-5 
and .BPh-5 molecules. Only the haem 
closest to the special pair lies on this sym- 








ometry axis with an Fe-Mg distance of about 
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21 A. Thus, it may be this cytochrome 
which directly reduces the photo-oxidized 
special pair (P960* ). 

From the diffraction analysis it is clear 
that the L and M subunits form the cen- 
tral cylinder, which consists of five trans- 
membrane helices, each being related by the 
2-fold rotational axis. Because of this, both 
subunits are equally involved in forming 
the special pair and the non-haem iron- 
quinone complex. Both the cytochrome 
and H-subunits also contain helices. 

In many ways the structure determined 


| by X-ray crystallography has supported 


several concepts derived from ѕрес- 
troscopy. Clearly the organization of the 
components confirms that primary charge 
separation involves the following electron 
transfer sequence: 


(BChl-5), > BChl-5 > BPh 
-* menaquinone (Ол) 


with (BChl-5)*, being reduced by cyto- 


chrome. с while menaquinone passes its 
electron to a ubiquinone (Qg) molecule 
normally bound in the vacant pocket. The 
structural model also supports the 
chromaphore orientation data obtained 


from linear and circular dichroism. The | 


puzzling, as yet unaccountable, feature is 
the symmetrical arrangement of the two 
monomeric forms of BChl-b and BPh-d, 
which suggests two possible electron 
transfer pathways. However, evidence sug- 
gests that only one pathway is preferred so 
that an electron is always passed to Q,, 


` the bound menaquinone, before going to 


ubiquinone (Оӊ). It seems, therefore, that 
one BChl-^ and one BPh-b molecule are 
not normally involved in the process of 
charge separation. 





| to those of the purple bacteria. We cana 


tre of R. viridis has evolved from a mor 
primitive reaction centre consisting of 
one subunit only, and that the dimerization 
giving rise to the L and M polypeptides. 
facilitated the formation of the special pair 
and the opportunity for improving charge 
stabilization by allowing the Q4 to О 
electron transfer to occur. The precise fac 
tors which have given rise to the preferre 
pathways will become clear as the detailed: 
structure of the polypeptide chains аге 
determined from the electron-density map. 
Moreover, the role of the H-subunit should 
become more obvious as Deisenhofer and. 
colleagues continue to elucidate the total 
structure of the protein complex. 

In any event, it is probable that th 
molecular details of the R. viridis reactio 
centre will пог only allow the theoretician 
to understand how the high efficiency o 
energy conversion is attained in this specifi 
protein, but will also act as a model for th 
reaction centres of other organisms. In fact 
the R. viridis reaction centre is structural- 
ly and functionally similar to the reaction: 
centres. of several purple non-sulphu 
bacteria. Even more exciting is that th 
knowledge gained from these studies will. 
form an important basis for elucidating th 
molecular basis of the mechanism of wate 
splitting by green plants and algae, becau: 
these reactions occur at a reaction centr 
(photosystem two) having features simila 








look forward to a future where X-ra 
crystallography will unravel the details o 
a wide range of membrane processes at th 
resolution of atomic distances. п. 


Jim Barber is іп the AFRC Photosynthesi 
Research Group, Department of Pure апа Ap: 





| plied Biology, Imperial College of Science an 


It could be argued that the reaction cen- | Technology, London SW7 2BB, UK. 





Palaeoclimatology 


Records of past continental 
climates in deep-sea sediments 


from Joseph M. Prospero 


EVERYONE talks about palaeoclimate, but 
no one seems to know much about it. This 
is especially true for continental climates 
where the often subtle evidence of past 
weather conditions is easily obliterated by 
subsequent events. Even when evidence is 
found, in many cases it is not possible to 
date the events. Ocean scientists are more 
fortunate because a good chronological 
record of past oceanic conditions (such as 
water temperature) can often be read in the 
neatly ordered layers of deep-sea sediments 
that span many millions of years. Recent- 
ly, Rea et al. (Science 227, 721; 1985) have 
shown that these sediments also contain in- 
formation about past continental climates. 
Their conclusions about atmospheric cir- 
culation over the past 70 million years not 
only challenge conventional views on 
palaeoclimates, but also provide a test for 








computer climate models. 

Rea et al. analysed the windborne 
(aeolian) mineral dust components in fou 
North Pacific sediment core sections span- 
ning the past 70 Myr and found major: 
changes in particle size, concentration and: 
the mass accumulation rate. They suggest 
that the accumulation rate data are indica 
tive of the availability of material in the 
source area and should be related in some: 
way to climate, especially to aridity. The 
mineralogy of the aeolian grains also pro- 
vides clues to the climate of the source - 
region and, most importantly, the size 
distribution can be used to infer the speed 
of the transporting winds. 

On the basis of their assumptions, the 
authors conclude that the atmospheric cir- 
culation was quite vigorous during the late - 


Cretaceous and Palaeocene, but moderated. 
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"sharply in the early Eocene (50 Myr ago) 
-before commencing a steady increase that 
“culminated in a maximum associated with 
те Pliocene-Pleistocene glaciations of 4-2 
Myr ago. The most surprising outcome of 
this work is the implication that circulation 
_ during the late Cretaceous was as vigorous 
as that in the Palaeocene. This is contrary 
to the long-held belief of geologists and 
palaeoclimatologists that the Cretaceous 
was a period of moderate climate and re- 
latively weak circulation, but is supported 
by recent computer models. 
"Data such as that of Rea et al. are im- 
portant as relatively rigorous tests of long- 
term climate models, which otherwise 
would be little more than interesting intel- 
lectual exercises. It is therefore necessary 
to scrutinize the underlying assumptions of 
uch studies. The most critical assumption 
hat which relates aeolian particle sizes 
to he speed of the transporting wind. Rea 
f al, assume that, for any one wind speed, 
here is a characteristic particle-size spec- 
trum of dust grains which are in ‘equili- 
rium’ with the wind, where the ‘‘lifting 
'effect of the inherent turbulence must bal- 
ге the tendency of the grains to settle”. 
'On this basis, the ratio of the transporting 
id speeds for two different events will 
e equal to the ratio of the squares of the 
equilibrium’ particle diameters. 
The concept of a quasi-stationary size 
bution related to wind speed is based 
n work by Gillette et al. (J. geophys. Res. 
5,5621; 1980) who studied soil deflation 
a function of soil properties and boun- 
y. layer micrometeorology. It is, 
iowever, debatable whether boundary 
ayer turbulence processes can be ex- 
rapolated to the free troposphere where 
vertical transport and mixing is largely 
lependent on processes occurring in large- 
scale weather systems and during convec- 
ion. Although Rea et al. cite some experi- 
mental evidence that they believe tends to 
: upport their assumption, there are no 
dies that directly address the relationship 
f. particle size to the speed of the transpor- 
ing winds. 
Even the relationship between soil de- 
flation and aridity is complex. Goudie 
Prog. phys. Geog. 1, 502; 1983) has shown 
at the correlation between dust storms 
d rainfall is very weak; indeed, the fre- 
uency of dust storms is at a maximum in 
égions with 100-200 mm annual rainfall. 
This is consistent with growing evidence 
that water is essential for the production 
Jof abundant quantities of fine sedimentary 
“particles (Pye, К. and Sperling, C.H.B., 
Sedimentology 30, 49; 1983) and for 
: ereating surficial environments where these 
‘weathering products can be deflated readily 
(Gillette et al., op. сй.). In contrast, many 
hyperarid areas are relatively blown out; in 
such regions, the principal features of the 
surface are rocky plains and dune fields 
- which are primarily comprised of coarse 
materials that are not readily deflated or 
transported great distances by winds. These 
ors Mggest, that the most abundant 





sources of soil dust are areas that are 
changing from moist to arid. This is sup- 
ported by Prospero and Nees (Science 196, 
1196; 1977 and EOS 65, 837; 1984) who 
demonstrated a threefold increase in the 
transport of dust out of North Africa and 
across the Atlantic during both the current 
drought and that of the early 1970s. 
Another aspect that must be considered 
is the relationship between the meteorology 
of dust storms and weather. Studies of dust 
storms in Africa, North America and Asia 
suggest that if climate were to change, 
weather would also change and, with it, the 
sources of the dust, the mechanism by 
which it is generated and its transport 
paths. Sediments in the North Pacific 
would be particularly sensitive to changes 
in transport paths. Recent atmospheric 
chemistry studies in this region (Uematsu 


et al. J. geophys. Res. 88, 5343; 1983) show | 
that Asia is the primary source of the large - 


quantities of dust found in North Pacific 
winds; it is carried out of Asia on westerly 
winds and, eventually, some fraction is 
transported via complex trajectories into 
the easterlies. As a consequence, dust 
concentrations decrease markedly in the 
latitudes south of about 30? N. Therefore, 
it is conceivable that dust deposition rates 


in some ocean regions could have changed | 


| substantially solely as a consequence of 


i 





changes in circulation patterns. 

Finally, the fact that large quantities of 
dust could have been produced by climatic 
factors not directly related to aridity must 
be considered. Most significant is the con- 
siderable evidence (Pye, K. Prog. phys. 
Geog. 8, 176; 1984) that extensive areas of 
loessal soils found in North America, 
Europe and Asia have been formed 
through the combined action of winds and 
glaciation. The dearth of the fine particles 
in these deposits suggests that large quan- 
tities of fine soil dust were blown away, 
although the source region was not 
necessarily arid. 

It is clear that deep-sea sediments con- 
tain a strong and varied aeolian signal that 
must be linked in some way with climatic 
processes on the continents. Rea ef al. have 
taken the first step towards interpreting this 
signal. Whether their interpretation is cor- 
rect will be established only by further 
studies of the areal and temporal variation 
of this signal in the sediments together with 
studies of the present-day relationship be- 
tween weather and processes of dust mobil- 
ization and transport. 0 
Joseph М. Prospero is in the Division of Marine 


and Atmospheric Chemistry, University of 
Miami, Miami, Florida 33149, USA. 





Parasitology 





Chromosomes of malaria 
parasites and trypanosomes 


from F.E.G. Cox 


OUR understanding of the genetics of the 
protozoan parasites that cause major 
diseases in man has been hampered by the 
fact that we do not even know how many 
chromosomes they possess. On page 347 of 
this issue, Kemp and coworkers report the 
use of a new technique, pulsed-field gra- 
dient (PFG) gel electrophoresis, to separate 
and characterize seven chromosomes from 
the human malaria parasite Plasmodium 
falciparum! (see figure). This technique 
has enabled several groups not only to 
enumerate such elusive chromosomes but 
also to separate and identify them and to 
elucidate some of their functions. It has 
already been used to separate 11 of the 17 
chromosomes of the yeast Saccharo- 
myces?. . 

PFG gel electrophoresis involves the 
separation of large molecules of DNA in 
an agarose gel’, and the DNA obtained 
from the lysed organisms is subjected to 
alternate electrical pulses at right angles. 
Because these molecules are larger than the 
pore size of the gel, they have to orientate 
themselves end on to pass through the gel; 
their ability to reorientate at right angles 
and the time taken to do this provides a 
basis for separating the molecules. The 
DNA thus separated can be visualized by 


staining and blotting on nitrocellulose and 








the genes located by hybridization techni- 
ques. In this way, it is possible to locate and 
identify DNA molecules in the size range 
of 30-3,000 kilobases (kb), which happens 
to include most of the DNA constituting 
the chromosomes of malaria parasites and 
trypanosomes. 

All that was previously known about the 
chromosomes of P. falciparum was that 
there are few of them and that they seem 
to be haploid in the blood stages‘. Kemp 
et al.! studied three strains of P. 
falciparum, one from Papua New Guinea, 
which was used as a baseline, and others 
from Ghana and Thailand. Using lysed 
cultured blood-stage parasites, they found 
that their DNA separated out into seven 
discrete zones and, by using yeast chromo- 
somes as markers and complementary hy- 
bridization data, they established that these 
represent complete chromosomes. The four 
smallest chromosomes were.the easiest to 
identify and, in the Papua New Guinea 
strain, consist of 0.8, 1.2, 1.6 and 1.8 
megabases (Mb). Chromosomes 5-6 were 
2.2 and 2.6 Mb and chromosome 7, which 
overlapped with 6, was 3.0 Mb. The other 
strains of P. falciparum also had seven 
chromosomes but exhibited considerable 
polymorphism with respect to the Рарца 
New Guinea strain. For example: chromo- 
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Plasmodium falciparum in human réd cells in 
culture. P. falciparum grows easily in culture, 
so is readily available for laboratory study. In 
this stained preparation, the nucleus appears as 
an amorphous dark mass with no detailed struc- 
ture. Chromosomes can only be identified after 
separation by pulsed-field gradient gel elec- 
trophoresis. (Photograph A R Dluzewski.) 


some 1, the smallest, varied between 0.8 
and 1.0 Mb and others differed by as much 
as 20 per cent. There was also variation bet- 
ween the positions of the chromosomes in 
the agarose gel, but overall a common se- 
quence of seven equivalent chromosomes 
of increasing size could be identified in each 
strain. There may also be other chromo- 
somes, probably clustered towards the 
2. larger end of the size range where separa- 
«> поп presents particular difficulties. 

Having separated the chromosomes, hy- 
bridization techniques can be used to assign 
functions to them. The most striking gene 
products to be identified so far in malaria 
parasites are the short repeats of amino 
acids that constitute important antigens. 
Overall, it seems that the genes for these 
repetitive antigens are distributed between 
several chromosomes. 

The antigen located on the surface of in- 
fected erythrocytes) is encoded by chro- 
mosome 1 and also, to a lesser extent, by 
chromosome 7; the secreted (S) antigen? is 
also associated with chromosome 7. It is 
of particular interest that five other 
repetitive antigens are associated with both 
chromosomes 5 and 6. Analysis of the 
results of hybridizations suggests that chro- 
mosome 5 is an exact but incomplete copy 
of chromosome 6 and that this chromo- 

- some, 5-6, is diploid, whereas chromo- 
somes 1-4 are haploid. 

The chromosomes of trypanosomes have 
not revealed their secrets so easily. The 
DNA of trypanosomes is divided between 
the nucleus and a unique organelle, the 
kinetoplast, which considerably com- 
plicates the study of the genetics of these 
organisms. Nevertheless, PFG gel electro- 
phoresis is beginning to produce clues 
about the genes encoding the variant sur- 
face glycoproteins (VSG) that coat the 
trypanosome and are the basis of its abil- 
ity to evade the immune response by 
antigenic variation. 

Conventional agarose separation of the 
DNA of Trypanosoma brucei produces two 
fractions, a minichromosome band and the 
remainder of the DNA that stays at the 
starting position. PFG gel electrophoresis 
separates 7. brucei DNA into four com- 

ponents, a. minichromosomal fraction 









i 








containing about 100 DNA molecules in the 
50-150 kb range, about 6 chromosomes of 
200-700 kb, 3 or more larger chromosomes 
of 2 Mb and a large heterogeneous fraction 
that hardly migrates at all from the start- 
ing point". The genes encoding the VSG 
seem to be distributed among several chro- 
mosomes and are seen most readily in the 
minichromosomes. Recombination in- 


volves the transposition of large numbers | 
of base pairs from one chromosome to | 


another, resulting in major changes in the 
size distribution of the minichromosomes. 
It is possible to relate these size changes to 
changes in the expression of particular VSG 
genes, which cannot be done using more 
conventional techniques®. This leads to the 
question of whether minichromosomes are 
essential for antigenic variation. To answer 
this, van der Ploeg and colleagues have 
made a comparative study of several species 
of trypanosomatid flagellates?, РЕС gel 
electrophoresis reveals tremendous differ- 
ences between the chromosomes of dif- 
ferent species. In contrast to 7. brucei, T. 
equiperdum has few minichromosomes and 
T. vivax has no DNA smaller than 2,000 
kb (ref. 9); as both can undergo antigenic 











variation it seems that minichromosomes 
are not essential for this process. `. 

For a long time, parasitological problem: 
have. been emerging faster than the tec 
niques available for their solution, which 
has resulted in frustrating gaps in our 
knowledge. PFG gel electrophoresis will 
quickly resolve some of these questions; the 
applicaton of this relatively simple techni- 
que represents a milestone in modern 
parasitology. It should soon possible to 
distinguish between genes encoding anti- 
gens important in protection and those used 
by parasites to evade the host immune 
response. It might also be possible to 
distinguish between virulent and avirule 
strains of parasites and to pinpoint the basi 
of drug resistance. 


. Kemp, D.J. er al. Nature 315, 347 (1985). 
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Parasitic Protozoa (Wiley, Chichester, 1983). 
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Coppel, R.L. et al. Nature 306, 751 (1983). 

van der Ploeg, L.H.T. er al. Cell 37, 77 (1984). 
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F.E.G. Сох is in the Department of Zoology 
King’s College, London WC2R 21.5, ОК 





Geomagnetism 





On the trail of Earth’s tail 


from Stanley W.H. Cowley 


NEARLY all of the planetary bodies in our 
Solar System are believed to possess long 
magnetic tails extending for many tens to 
hundreds of planetary radii in the direction 
away from the Sun, but none has been so 
thoroughly investigated as that of the 


Earth. That has been particularly so since | 


1983 when the ISEE-3 spacecraft was sent 


Earth radii along the geomagnetic tail. Al- 
together, ISEE-3 spent around 8 months 
beyond the lunar distance, and provided 
unique and detailed data on the distant tail 
and its environs. Twenty papers arising 
from initial analyses of these data have 
recently been published in an issue of Geo- 
physical Research Letters. These papers 
deal principally with the overall structure 
of the tail and the properties of plasmas 
and fields both in the magnetic tail lobes 
and in the central current sheet that 
separates the lobes. 

Magnetic tails are formed by an inter- 
action with the solar wind, the tenuous 
hydrogen plasma which blows continuously 
outwards from the Sun at speeds of around 
500 km s~'. In the case of a magnetized 
planet, such as Mercury, Earth, Jupiter and 
Saturn, the tails are thought to result from 
magnetic reconnection on the dayside of 
the planet, a process which produces ‘open’ 


magnetic field lines mapping directly from | 


the planet’s polar regions into the solar 
wind. The flow of the wind then carries the 
field lines downstream from the planet and 
stretches them out into a nightside tail con- 


| 
| 
| 
| 
| 
| 
| 
| 





| squashed together into a long cylinder. Th 


| to the solar wind. 
on a series of passes extending about 230 | 
; and probably Mars also possess magneti 
| tails, but in their case the solar wind plasm 


the Earth's magnetotail, most observations : 
| паа been confined to the region within the - 






























sisting of two bundles of oppositely direct 
ed magnetic flux (mapping to either pole 


field lines in the two tail lobes eventua 
reconnect across the internal interface be 
tween them, returning ‘closed’ field lines 
to the planet and ‘disconnected’ field line 


Non-magnetized planets such as Venu 


becomes slowed on the dayside of th 
planet by its interaction with the planet's 
ionosphere. Field lines embedded in this 
slowed plasma become draped around th 
planet and stretched into an ‘induced’ tai 
as their distant ‘ends’ continue to mov 
with the wind away from the Sun. A similar 
process is thought to be responsible for th 
formation of Type 1 comet tails. Th 
phenomenon of magnetotail formation i 
therefore very common in our Solar System 

Although these basic notions have been 
commonly accepted for a number of years; 
detailed spacecraft observations of mag- 
netotail plasmas and fields had been ver: 
limited before ISEE-3. Even in the caseo 


tunar orbit (60 Earth radii), a distancë re 
presenting only about one-twentieth of the 
tail’s theoretically estimated" length. The 
papers in Geophysical Research Letters: 
show how drastically the situation has been ^ 
altered by the travels of ISEE-3. | 

Two of the papers demonstrate in very © 


























с different ways that the field lines in the tail 
lobes are indeed magnetically ‘open’, that 
is they eventually map across the outer sur- 
face of the tail into the surrounding solar 
wind. Changes in plasma bulk parameters, 
such as density, temperature and velocity, 
luring ISEE-3 traversals of this boundary 
"are reported by Gosling ef al. !, who find 
that well-defined transitions in the magnetic 
field (sharp changes in field magnitude and 
irection) are often accompanied by gra- 
dual variations in plasma parameters. 
These observations indicate the presence of 
direct magnetic flux linkage across the 
‘boundary, allowing solar wind plasma a 
relatively easy access. Abrupt plasma 
changes also occur, indicating a locally 
magnetically closed surface. 

The second paper deals with the direc- 
tion of the field in the tail and its depen- 
dence on the solar wind field direction, 
‘measured simultaneously upstream from 
he Earth by the IMP-8 spacecraft. 
surutani ef al. 2 find that the values of 
hat cross-tail field component that lies 
approximately parallel to the central cur- 
‘rent sheet are positively correlated with the 
rresponding component in the solar 
wind. In effect, the lobe field (and that in 
lie central current sheet) does not point 
irectly along the tail axis towards or away 
rom the Earth, but is somewhat skewed 
owards the direction of the solar wind 
ield. This is precisely the result expected 
ir an ‘open’ tail structure’, arising from 
he effects of the magnetic stresses exerted 
in the plasma by the open field lines. 
Equally interesting discoveries have been 
made about the hot plasma sheet particle 
population that carries the cross-tail cur- 
ent between the two magnetic lobes of the 
ail. A previous article in these columns‘ 
described the initial finding that beyond 
about 100 Earth radii, the flow of this 
plasma is directed almost exclusively away 
'rom the Earth, indicating that the tail re- 
connection region usually lies less far from 
ih. The appearance of closed field loop 
plasmoids’ in the distant tail about 30 min 
fter the onset of magnetically disturbed 
periods has provided evidence of rapid tail 
reconnection near the Earth. Confirmation 
; provided by several papers describing 
energetic-particle, plasma and magnetic 
field observations and their relationship? 7. 


100 Years Ago 

















































































-òf the Usworth Colliery explosion is probably 
the: first expression of opinion from a public 
body of this class that. coal-dust and a small 
percentage. of fire-damp can play the part that 
—has hitherto been usually ascribed to fire-damp 
*alone. They found that the explosion was caus- 
ed by a shot, the fire of which acted upon ‘‘the 
coal-dust and a small percentage of gas." . The 
c convenient and time-worn “outburst of gas" 
theory, which consigned the helpless miner to the 
= vicissitudes of chance and exonerated colliery 
- owners and their agents from all responsibility, 
"seems on the point of giving way before the coal- 
dust theory. 
ature.32.61, 21 May 1885 


THe verdict of the jury who considered the case ` 
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The reconnection geometry of Earth's geomagnetic tail suggested by recent ISEE-3 observations. 
Broken lines are plasma streamlines, solid lines are magnetic field lines, and hatched areas repre- 
sent regions of high electrical current density. A single current layer or diffusion region (1) at the 
site of reconnection bifurcates into slow mode shocks (2) in the downstream flow. Plasma flowing 
from the tail lobes (3) is accelerated across the shocks to form a hot plasma sheet (4) that flows 
away from the reconnection site on either side. Suprathermal particles, escaping upstream of the 
shocks, form boundary foreshock regions of streaming particles (5) located on reconnected tail- 
lobe field lines just outside the plasma sheet. (No attempt has been made to represent the asym- 
metries that would result from the observed flow of lobe plasma away from the Earth.) 


ААН 


Ап important subsequent discovery is that 
the interface between the tail lobe and the 
plasma sheet often has the character of a 


slow-mode shock wave’. The formation of | 


such shocks resulting from magnetic recon- 
nection was suggested by Petschek? over 20 


years ago, but ISEE-3 has provided the first | 


evidence for them. The field and plasma 
structure implied by the observations are 
shown in the figure. The single current layer 
separating the tail lobes at the site of recon- 
nection (the ‘diffusion region’, where the 
field diffuses through the plasma) bifurcates 
on either side into two slow shocks standing 
in the plasma flow. Tail-lobe plasma flow- 
ing across the shocks is accelerated away 
from the reconnection region by the 
magnetic stresses to form a hot accelerated 
plasma (the plasma sheet) which is mainly 
confined beteween the shock waves!?. 


However, high-speed ions and electrons аге - 


Observed to escape upstream of the shocks 
to form ‘boundary layer’ or ‘foreshock’ re- 
gions of streaming supra-thermal particles, 
located on tail-lobe field lines between the 
surface of reconnected field lines mapping 
to the diffusion region and the shock waves 
(see figure)? . 

Scarf et al. describe a well-defined 
plasma wave morphology associated with 
these structures. Electron plasma oscillations 
of a few kHz are observed in the foreshock 
region in association with a ‘heat flux’ form- 
ed by field-aligned streaming electrons that 


have energies above a few hundred eV. | 


These waves therefore probably result form 
the Landau ‘bump-on-tail’ instability. A 
similar association seems to occur in this 
region between streaming energetic ions (of 
tens of keV) and the magnetosonic waves 
reported by Tsurutani and Smith!^. Within 
the shock current sheet itself, a spectral peak 
in electric field noise at frequencies of a few 


hundred Hz, possibly identifiable as ion |. 





acoustic waves, is found". An estimate of 
particle scattering by these waves suggests 
that they do not lead to appreciable resistivi- 
ty; instead the lower hybrid drift instability 
(at too low a frequency to be measured by 
ISEE-3) may play an important role". In 
my view, another important factor deter- 
mining the structure of the current sheet is 
likely to be finite ion inertia. 

An important question raised by these 
findings is whether the boundary of the 
plasma sheet on the earthward side of the 
tail reconnection region also has the nature 
of a slow shock. It would be surprising if 
this were not so in the more distant tail, but 
the near-Earth regime will be complicated 
by two factors. First, field line convergence 
at the Earth mirrors accelerated particles 
back in to the tail. Second, it is possible that 
the earthward-streaming plasma observed 
at the outer surface of the near-Earth 
plasma sheet predominantly results not so 
much from local acceleration as from the 
denser tail-lobe plasma found at somewhat 
larger distances. A deeper understanding of 
magnetotail physics will undoubtedly en- — 
sue from these and other considerations of 
the consequences of the ISEE-3 
Observations. a 
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The quest for pure 
electron lattices 


Sir — The very interesting work on observ- 
ing three-dimensional electron lattices, 
reported in News and Views', is even more 
widely relevant than discussed in the brief 
space available. We note here other labora- 
tory experiments and also, perhaps surpris- 
ingly, some astrophysical theory. An essen- 
tial point of departure stems from the (cor- 
rect) observation in the article that it is 
“taken for granted that an electron lattice 
can form only if embedded in a neutralizing 
sea of positive electric charge". An elec- 
tron lattice can be formed without such a 
neutralizing background. 

It has been known for years that a 
magnetized Penning trap can stably store 
single charged particles for extremely long 
periods. Such a trap consists simply of an 
axially symmetric electric quadrupole (two 
negative electrodes with a positive ring elec- 
trode in between, preferably with hyper- 
bolic cross-sections of the appropriate cur- 
vature) and a magnetic field along the sym- 
metry axis. The magnetic field prevents a 
charged particle from escaping across the 
magnetic field and the quadrupole electric 
field confines the particle (if negatively 
charged for the above charging of the elec- 
trodes) along the axis. Until fairly recently, 
it was not understood what happens if one 
fills such a trap with a large number of par- 
ticles. Older literature vaguely discussed 
‘clouds’ of trapped particles. It is now 
known that the charged particles condense 
effectively to form what appears very much 
to be a liquid. That is to say that the par- 
ticles are confined to a spheroidal volume 
of constant density with a sharp interface 
to the surrounding vacuum. These sharp 
discontinuous surfaces were predicted 
theroretically for both the laboratory and 
astrophysical cases??. The surface 
thickness separating the plasma from the 
vacuum is shown to be only of the order of 
the Debye length, which is small compared 
with the system scale in the neutron star 
case even for million-degree plasmas, and 
inthe laboratory case for therelatively cool 
plasmas that can be produced there (room 
temperature or less). Moreover, such 


systems (‘non-neutral plasma’ is the usual 


term in laboratory circles) have been 
created in the laboratory with both elec- 
trons^ and ions?. Indeed, in the case of the 
ions, the particles have been cooled to a 
temperature (0.1 degrees kelvin) where the 
system should not only appear liquid-like 
(confinement to a variable shape volume of 
constant density) but actually be a liquid in 
. the sense of large particle-particle correla- 
tions. Future experiments aspire to pro- 
duce a trapped solid of ions (D.J. 
Wineland, personal communication). The 
workers at the University of California at 
San Diego have trapped the electrons in a 
similar configuration, using ring electrodes 
at the ends of a long solenoid that parallels 
the magnetic field axis. It may be feasible 
to cool such trapped electrons to tem- 








peratures where they are liquidized or 
solidifyS. In either case, the formation of 
an ideal ‘theoretician’s’ lattice of totally 
non-neutral plasma free of interfering 
background neutralizing charges seems 
within reach. 

In the case of astrophysics, solidified 
states of matter have been expected for 
neutron star interiors (for example, refs 
7,8). However, it now seems increasingly 
possible that the exteriors of magnetized 
neutron stars may, in many cases, be sur- 
rounded by such quasi-liquid non-neutral 
plasmas pulled from their surfaces. The 
essential ideas were forwarded by anumber 
of people such as Holloway? who pointed 
out the likelihood of vacuum-plasma 
interfaces, Rylov!? who first speculated on 
how such plasmas might be distributed 
about pulsars, and Jackson!! who also 
argued for condensation of such plasmas 
about neutron stars. The laboratory effort 
itself goes back at least to Trivelpiece!?, and 
an entire book has been written on the 
properties of nonneutral plasmas”. 

Not only do these remarkable plasma 
experiments open up the possibility of 
creating pure liquid and ‘solid plasmas, 
but they also underscore an interesting 
convergence in research on solid-state 
physics'*, with laboratory experiments on 
non-neutral plasmas and, surprisingly, 
some astrophysical theory as well. 
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Selfish DNA and the 


origin of introns 

Sır — The selfish DNA or transposon 
theory of the origin of introns!’ is 
dismissed far too readily by Cornish- 
Bowden. As introns are very often not at 
domain boundaries! ?, the hypothesis of 
evolutionary exon shuffling to recombine 
protein domains is hardly the ‘‘most plausi- 
ble suggestion" for their "function". It 
does not adequately explain either the 
origin or the evolutionary maintenance of 
RNA splicing. Although fusion of two 
genes by recombination between existing 
introns probably has been evolutionarily 
important, it does not explain the origin of 
the introns ‘їп the first place". De novo 
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intron formation by fusing two genes lack- 
ing introns is far more complex than fusion 
to produce an unsplit gene; it could hardly 
have occurred in a single step in an 
organism previously lacking RNA 
splicing’. Split genes and RNA splicing 
could not have evolved merely because they 
might millions of years later help a new 
protein evolve: evolution lacks such 
foresight?. 

The transposon hypothesis can explain 
the origin of introns and also of RNA spli- 
cing itself?^". The presence of introns in 
mitochondria and chloroplasts, іп par- 
ticular, is best explained by transposition 
from the nucleus??. The different posi- 
tions of the introns of the chloroplast 
psbA genes of Chlamydomonas? and 
Eugiena'*, coupled with their absence 
from the ancestral cyanobacteriaP, sup- 
ports insertional origin for chloroplast in- 
trons, rather than one from primordial 
gene fusions that created the psbA 
gene. The coding of proteins involved in 
splicing by certain introns in fungal 
mitochondria^, and in a chloroplast 
вепе!5, supports the thesis that such in- 
trons originated as defective transposons in 
which the RNA-splicing enzymes evolved 
from pre-existing DNA splicing enzymes 
specific for their termini’, 

This also can explain the origin of introns 
in general ?*^7, Suppose a transposon 
capable of precise excísion inserted , 
into a cellular gene, thus inactivating its 
transcript^. This first ‘intron’ would be 
exactly pliced out of the RNA if the DNA 
excisionase of the transposon mutated so 
as to be able to cut RNA instead of DNA, 
but retained its specificity for the sequence 
at either end of the transposon; this would 
simultaneously prevent its self- 
transposition and rescue the cell from its 
harmful insertion mutation. 

This mutation would protect the cell 
from insertion mutations by any trans- 
posons generating similar terminal ѕе- 
quences upon insertion, and therefore have, 
allowed the rapid intragenomic spread 
of kindred non-defective transposons; 
moreover these would have provided DNA 
excisionase activity allowing the rapid in- 
tragenomic spread of the defective RNA- 
splicing transposon itself”. So many genes 
would quickly acquire introns that RNA 
splicing could never be lost!?. АП descen- 
dants of this cell would be permanently in- 
fected with useless introns. RNA splicing 
could later acquire real functions for at 
least some genes, such as differential spli- 
cing to make different proteins from the 
same transcriptional unit!é. This rescue 
hypothesis provides an immediate and 
powerful mode of spreading for introns 
and RNA splicing. At one and the same 
time it involves intragenomic kin selection 
favouring the spread of selfish DNA, and 
conventional selection at the cellular level 
for protection from the harmful effects of 
certain selfish transposons. Alternatively, 
RNA splicing might have originated in a 
virus! before being taken over by the cell. 
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The transposon theory of intron origins 
best fits the nuclear mRNA and rRNA 
splicing mechanisms, both of which depend 
on specific sequences within, as well as at 
the end of, introns”. I suggest that they 
originated in an early eukaryote and were 
never present in prokaryotes. The small 
nuclear RNAs involved in nuclear pre- 
mRNA splicing might initially have been 
synthesized from transposon promoters ly- 
ing on the DNA strand opposite the 
transcribed strand of the cellular gene into 
which it had inserted. But nuclear tRNA 
splicing does depend on specific intron se- 
quences and may have originated in- 
dependently; the presence of similar tRNA 
introns in the archaebacterium 
Sulpholobus'® suggests that it originated 
before archaebacteria and eukaryotes 
separated. Chloroplast tRNA introns seem 
unrelated to nuclear and archaebacterial 
tRNA introns; they resemble mitochondrial 
and nuclear rRNA introns and have 
features suggestive of defective 
transposons®!5:!9, 

The improbability of losing every single 
intron by accidental deletion?^, and the 
extra complexity that splicing poses for the 
origin of protein coding*, make it im- 
probable that RNA splicing was the general 
rule in the primordial cell, and favour the 
view that archaebacteria and eukaryotes 
both evolved from a eubacterium lacking 
split genes*. Once introns evolved, their 


number and total length per genome would ` 


increase or decrease in response to 
generalized selection for larger or smaller 
total genome 'size! and transcript size, as 
well as to selection for specific functions!$ 
for at least some introns. 

The relative uniformity of exon length 
in protein-coding genes is not, as claimed 
by Lonberg and Gilbert!?, good evidence 
against an insertional origin. The periodic 
structure of chromatin may prevent total- 
ly random insertions. The correspondence 
between the three major peaks in exon size 
distribution and the DNA lengths in 
nucleosome core particles, linkers and 
whole nucleosome”, suggests that the 
junctions between linkers and core particles 

have been ‘hotspots’ for intron insertion 
and therefore that introns in protein genes 
originated after the origin of eukaryotic 
chromatin. By contrast, exon length in 
mitochondria 7° and chloroplasts!^142122, 
which lack histones, is much less uniform 
and more random than in nuclei. 
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Chemical warfare 


evidence unconvincing 

Sir — Rosen ef al.! fail to substantiate 
their contention that environmental 
samples from south-east Asia provide 
evidence of chemical warfare. They base 
their argument on reports of trichothecene 
mycotoxins in six samples from alleged 
chemical attack sites?3. In arguing that the 
toxins they reported were not of natural 
origin, they astonishingly say that the US 
Army Chemical Systems Laboratory found 
no trichothecenes in samples from south- 
east Asia. 

This incorrectly implies that the Army’s 
samples were controls. In fact, at least 60 
of the Army’s samples, like those of 
Mirocha and Rosen, were from alleged 
chemical attack sites. As far as we know, 
the Army laboratory has not found 
trichothecenes in any sample from such 
sites. Mirocha and Rosen have known of 
this since at least October 1983, when one 
of us (M.M.) wrote to them asking ‘‘Why 
does the Army find no positives out of 60 
samples while Mirocha plus Rosen find six 
out of six positive?" The evidence for 
trichothecenes at sites of alleged chemical 
warfare is inconclusive at best: 6 positives 
out of 6 samples compared with 60 
negatives out of 60 samples. 

Rosen ef al. ignore the fact that it is 
pollen, and not trichothecenes, which is the 
consistent and confirmed finding in 
samples of yellow rain, the alleged chemical 
warfare agent. Since 1979, many samples 
have been turned in by Hmong refugees 
from Laos, and then examined by US and 
other investigators. In November 1982, the 
head of the US Army laboratory referred 
to above stated ‘‘most of the samples that 
are of yellow rain are fairly dry and they 
have a high level of pollen grains in them’, 

To our knowledge, a// samples of yellow 
spots and powders from sites of alleged 
chemical attack that have been examined 
under the microscope, including those 
analysed by Mirocha and Rosen, consist 
largely of pollen. This is also true of 
honeybee faeces. Moreover, our analysis of 
the pollen types in samples of the alleged 


м 
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agent collected by Hmong in April 1981 
‘and in March 1982, and comparison with 
pollens gathered by local honeybees, 
strongly ‘supports the identification of 
yellow rain as the faeces of south-east 
Asian honeybees’. 

- Rosen et al. also ignore descriptions of 


. the alleged agent by Hmong refugees. Sum- 


marizing interviews with Hmong for the 


- period 1978-82, the official. reports of 


Secretaries of State Alexander Haig and 
George Shultz state that the alleged agent 
is yellow ‘and falls like rain$7. This 
resembles mass defaecation flights of the 
giant Asian honeybee, Apis dorsata, which 
two of us (M.M. and T.D.S.) observed in 
Thailand in March 19848. Although now 
realized to be common, such flights were 
previously unknown, perhaps because they 
Occur at so great a height, even though hun- 
dreds of thousands of bees may be involv- 
ed. Further, nearly all the Hmong to whom 
we shówed bee faeces on leaves failed to 
identify them. Some said they were kemi, 
a Hmong term for the alleged chemical 
warfare agent. 

Our conclusion that yellow rain is pro- 
bably the faeces of honeybees and not a 
chemical warfare agent is thus supported 
by Hmong accounts of its appearance by 
pollen analysis, and by observations of the 
behaviour of honeybees in south-east Asia. 

Studies of the yellow rain phenomenon 


: in several countries, particularly in govern- 


ment laboratories, have still to be made 
public. It is-to be hoped that the responsi- 
ble officials will make every reasonable ef- 
fort to move further investigation of this 
problem into the normal channels of scien- 
tific communication. 
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Somatotopic map of 
the flying fox 


Sir — In the interesting article by Calford 
ef al. on the unusual somatotopic cortical 
map in the grey-headed flying fox, 
Pteropus poliocephalus, and also in the 
comment by Jones? on the article, one 
point escaped emphasis: the caudal shift of 
the somatotopic representation of the distal 
forelimb has taken place by reflection from 
rostral to caudal (that is the first digit or 


thumb remains lateral and adjacent to the: 


face), instead of by rotation from rostral 
to caudal (in which event the thumb would 
lie medial and the fifth digit would be 
located adjacent to the face). In contrast 
to the reflection of the representation of the 
forelimb, the representation of the 
hindlimb appears to have rotated through 
about 90 degrees, so that it points medial- 
ly (instead of rostrally as in most mam- 
mais). Whether this difference in the shift 
of the fore- and hindlimbs is related to their 
different functions (flying and feeding in 
the case of the forelimb, landing from 
flight ın the case of the hindlimb) remains 
an open question. 

Jones? has addressed a related issue: 
what is the advantage of representing the 
body surface on flat cortical maps instead 
of as a bolus of cells? Rostral/caudal and 
medial/lateral appear to be the spatial 
relationships in the periphery that need to 

“be maintained in the cerebral cortex; 
dorsal/ventral seems a less important direc- 
tion, being coded sometimes as caudal/ 
rostral (for example in the axial/distal parts 
of a limb in quadrupes) and sometimes as 
lateral/medial (for example in the position 
of the head relative to the limbs. and trunk). 
If, then, one direction in the periphery does 
not have to be maintained in the cortex, a 
flat map can achieve all that a bolus would 
achieve, with the advantage of much less 
complex connections between thalamus and 
cortical surface. 
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Spatial relationship and. 


extrafoveal vision 

SIR — A recent letter by Rentschler and 
Treutwein! describes;a qualitative dif- 
ference in human visual acuity between 
central foveal vision and a region 2? from 
the fovea when the task is to discriminate 
between stripe patterns that differ in ap- 
pearance but are mathematically similar in 
everything but phase relationship between 
first and third spatial harmonics. For the 
pairs that are easily discriminated both 
foveally and at 2?, the appearance of the 
stripes differs in the contrast of a narrow 
dark band on a lighter grey stripe. In the 
. patterns that can be discriminated foveally 
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and at 2?, the darker bands in each 
discrimination task are identical in quality 


'and differ only in that their position with 


respect to the lighter bands is mirror-image 
reversed in the two images. 

Rentschler and Treutwein conclude that 
(1) there is a qualitative difference between 
foveal and nonfoveal vision for spatial 
localization tasks but not for contrast 
detection tasks, and that (2) because of this 
difference between foveal and nonfoveal 
vision for one type of task but not the 
other, there must be two types of visual 
processing involved. We suggest that there 
might not be a qualitative difference bet- 


"ween foveal and nonfoveal vision, but 


rather a quantitative difference — spatial 
localization might simply decline faster than 
contrast detection as a function of eccen- 
tricity — and that this difference can be ex- 
plained at least partly in terms of receptive 
field size and stimulus resolution in com- 
plex cells at various levels in the visual 
pathway, as a function of eccentricity. 
Both the letter itself and the accompany- 
ing News and Views article by Watt? are 
couched in terms' of the Fourier-analysis 
theory of cortical function; curiously no 
mention is made of known receptive field 
properties of cortical cells. As an alter- 
native to their interpretation, which 
assumes that the early stages of vision can 
be regarded as a number of parallel spatial 
filters (a view that our receptive field 
studies do not seem to support), we would 
propose an interpretation (or perhaps a 
more physiological translation of their 
interpretation) in terms of the known pro- 
perties of complex cortical cells. At a given 
eccentricity, the territory of visual field 
over which a complex cell can be activated 
is usually much larger than that of a simple 
cell, but the optimum stimulus size is ap- 
proximately the same. A complex cell 
responds optimally to lines or slits in a 
specific orientation, but for an optimal 
response the line width is also critical. The 
optimal line evokes a response wherever it 
is shone over a wide area, even though a 
line thick enough to cover this entire area 
evokes no response at all. The optimal line 
width is roughly the same as the width of 
the region from which a simple cell can be 


“activated, or the diameter of a retinal 


ganglion cell receptive field centre (for the 
same eccentricity), implying a preservation 
of acuity but loss of the spatial localization 
conveyed by simple cells. 

This relative loss of what may corres- 
pond to spatial localization without loss of 
acuity is seen not only in complex cells in 
area 17, but even more strikingly in 
prestriate visual areas. Rovamo and Virsu? 
have shown that human visual acuity at dif- 
ferent eccentricities varies as a linear func- 
tion of cortical magnification in area 17, 
and Rentschler and Treutwein therefore 
use magnification to scale the size of their 
two test patterns for eccentricity: they com- 
pare foveal and nonfoveal discrimination 
using only this one stimulus size ratio. This 
may be justified if one assumes that resolu- 

















tion (that is, acuity) as a function of eccen- 
tricity does not change as one goes further 
along in the visual pathway; physiological 
comparisons of areas 17 and 18 (see our 
paper, this issue*) support this assumption. 
But we think that magnification in area 17 
might not be an appropriate scaling factor 
for tasks involving spatial localization. 
Spatial localization could well depend on 
the size of complex receptive fields, and 
that clearly does increase beyond 17, for ex- 
ample, in 18, V4 and MT, and also in- 
creases more rapidly for nonfoveal than for 
foveal vision. 

The difficulty in discriminating mirror- 
image patterns is more likely to be related 
to spatial localization, and consequently 
tailoring stimulus size to cortical 


“magnification in area 17 may be inap- 


propriate. The mirror-image (spatial 
localization) discrimination is already 
poorer than the contrast discrimination in 
the fovea (Fig. 2of ref. 1) and falls off more 
rapidly with eccentricity. This parallels the 
behaviour of complex cells at more central 
levels of the visual system than area 17. 
Thus the finding would seem to suggest not 
a qualitative difference in handling of form 
foveally and peripherally, but a difference 
in rates of deterioration with eccentricity 
between acuity as commonly defined, and 
something else, possibly spatial localiza- 
tion. 

We further suggest that these results do 
not necessarily implicate two separate 
visual processes for contrast ‘discrimina- 
tion and spatial localization. The fact that 
the relative loss of spatial information seen 
physiologically in single cells is paralleled in 
these psychophysical observations suggests‘ 
to us that spatial localization and contrast 
information are probably encoded in the 
same cells and not by separate processes. 
Only if psychophysical spatial localization 
were better than- predicted by the 
physiology of complex cells would one 
need to invoke a separate process for it. ` 


MARGARET S. LIVINGSTONE 
DAVID H. HUBEL 


Department of Neurobiology, 

Harvard Medical School, 

25 Shattuck Street, Boston, 
Massachusetts 02115, USA 
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Lysosomes and prohormone 


activation — correction 

IN the letter from C. N. Hales under this title 
in Nature of 7 March (Vol. 314, 20) an editorial 
change altered the sense of the final paragraph 
which should read: 

The sequence information which has emer- 
ged to date is consistent with the lysosomal 
hypothesis, suggesting that it may provide a 
useful framework for making and interpret- 
ing structural comparisons in this area. 

The hypothesis referred to is outlined in the se- 
cond paragraph of the letter and in more detail 
in the ref 3 and 4 in the list cited. 
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How many orbiting lasers for — - 
boost-phase intercept? 


from Richard L. Garwin 





A constellation of laser battle stations in low Earth orbit could intercept intercontinental ballistic 
missiles (ICBMs) in their boost phase. If such lasers are available decades hence, they will face 
fast-burn ICBMs and find their task more difficult. How difficult is shown n by an elementary analysis 
taking into account laser retarget time. 


PRESIDENT Reagan’s Strategic Defense 
Initiative (SDI) for countering Soviet 
nuclear-armed intercontinental-range bal- 
listic missiles (ICBMs) and submarine- 
launched ballistic missiles (SLBMs) puts 
great stress on interception of the missiles 
in boost phase. Although the feasibility of 
a star wars defence will stand or'fall by 
the ease of countering the system, it is of 
some interest to know how many satellites 
of given characteristics would be required 
to destroy boosters in the numbers and 


with the characteristics that may be avail- ` 


able by the time such a defence could be 
mounted. (See ref. 1 for a technical 
introduction to boost-phase intercept.) 

The emphasis given in this discussion 
to the need to destroy most ICBMs while 
the rocket booster is still burning is con- 
sistent with the general supposition by SDI 
supporters that this would be essential 
even to partial defence, because the missile 
is then more visible and more vulnerable 
than later, when the reentry vehicles and 
any decoys may have been deployed; 
moreover, in the boost phase there are 
fewer targets to be destroyed. 

The Soviet silos lie deep within the 
Soviet Union, and two basing modes have 
been suggested for boost-phase intercep- 
tion. The first entails large numbers of 
low-orbit satellites carrying ' powerful 
lasers or homing rockets, so that there will 
always be enough within range of any silo 
to destroy the ICBM launched therefrom. 
The second involves pop-up interceptors 
based on submarines near the Soviet 
Union, that would be launched on infor- 
mation that a massive ICBM launch had 
taken place and which would destroy mis- 
siles in boost phase with X-ray lasers 
powered by nuclear explosions. If the X- 
ray laser is assumed feasible and effective, 
the need to bring it above the curve of the 
Earth during the duration of boost of the 
ICBM requires an interceptor mass far 
larger than the payload mass itself. Thus? 
an interceptor based 7,400 km from the 
silo, required to climb in 120 seconds to 
an altitude giving a line of sight with 185- 
km Earth-limb clearance to a booster 
which has climbed to 370km altitude, 
would have an initial mass of 660 tons to 
lift an X-ray laser payload of 1 ton. This 

- assumes no structural mass needed for the 
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Fig. 1 The number S" of our standard laser satellites is plotted against assumed laser retarget 
time for two assumed booster numbers and 3 assumed engagement times during boost phase. 
Against the clustered launch of 3,000 boosters of 40-s engagement time, 1,344 satellites of 0.5-s 
retarget time in optimum orbit are required, working perfectly reliably, to dispatch the boostérs. 


rocket, a specific impulse of 300 seconds 
(exhaust velocity of 3 km s^!) and instan- 
taneous burn of the interceptor rocket pro- 
pellant. To reach the same altitude in 60 
seconds would require twice the speed and 
an initial mass of 430,000 tons. These are 
some of the reasons why what follows 
concentrates on the characteristics of the 
first basing mode for SDI, a satellite con- 
stellation. 


Counter measures 


In what follows, I consider the likelihood 
that there will emerge counters to the 
assumed defences, for example, by the 
evolution of the Soviet ICBM force to. 
small single-warhead missiles equipped 
with fast-burn boosters. Such missiles, 
perhaps burning out in 50 seconds at an 
altitude of 80 km, would negate the pop- 
up interceptor in two ways: first, it could 
not climb to line-of-sight within 50 
seconds, while the soft X-rays could not 
penetrate to 80-km altitude within the 
atmosphere. Studies made for the US 


government in July 1983, by McDonnell- 
Douglas and Martin-Marietta, indicate . 
that such fast-burn boosters with MIRVs 
and penetration aids could be built at a. 
cost of only some 10-15 per cent more 
than optimized (normal-burn) boosters. 
Indeed, given that the cost of the missile 
guidance systems-may be much reduced, 
a silo-based single-warhead ICBM could 
even be cheaper per warhead than a new 
MIRVed large missile because of 
economies of scale in production, and the 
much cheaper development and test pro- 
gramme. | 

Missile defence based on satellites in 
low Earth orbit would provide continuous 
visibility from some, satellite to each 
booster, but fast-burn missiles would 
again negate-the capability of both X-ray ` 
lasers and neutral particle beams (hydro- 
gen-atom beams of 100-MeV energy) 
because of the screening of the atmos- ^ 
phere. Homing interceptors would have 
little time to reach the boosters and the 
atmosphere at 80-km altitude would - 
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interfere with their infrared homing. Satel- 
lites carrying powerful continuous-wave 
or repetitively pulsed infrared lasers can, 
at some wavelengths, see down to the 
clouds and might have significant capabil- 
ity against individual missiles, even fast- 
burn boosters. We assume that a 50- 
second-burn booster could be engaged for 
40 seconds by such a satellite fleet, but 
note that such large satellites would need 
to be protected against Soviet antisatellite 
weapons. : 

There are few published analyses of 
required numbers of laser battle stations, 
and these are examples of methodology 
rather than conclusions, since they neglect 
the relationship between a satellite's vul- 
nerability and its altitude, assume zero 
retarget time, and make other simplifying 
assumptions. Carter? chooses to deploy 
his satellites on 1,000-km altitude orbits 
and, for booster hardness half that 
assumed here, estimates 160 satellites 
required to handle the present 1,400 Soviet 
boosters as they are now distributed. For 
the same boosters deployed ^in one 
region", Carter estimates that 500 satellites 
are required. 

Other estimates^ point to a requirement 
.. of 300 lasers, or 800 lasers (the latter esti- 

mate involving satellites at 1,000-km alti- 

tude deployed in orbits of optimum in- 

clination and assumed to destroy a booster 

' out to 3,000-km range in the 7 seconds 

required at 3,000 km). The assumption 

that satellites are deployed for uniform 

coverage of the entire globe? leads to a 
requirement for some 2,400 satellites®. 

In unpublished Los Alamos documents 

of 4 May and 6 August 1984, G. H. 


Canavan’ assumes satellites distributed. 


_ uniformly over the entire globe and asserts 
that for boosters uniformly distributed 
over a very large region, satellite numbers 
required grow only as the square root of 
booster numbers (or hardness) because 
satellites uniformly deployed will be closer 
together and will destroy boosters at 
shorter average range. These results are 
cited in ref. 8. For deployment in a small 
region, Canavan also obtains satellite 
numbers proportional to the number of 
boosters. 

C. T. Cunningham? assumes 300-km 

_ orbit altitude, with 60-deg. orbits; using a 
dynamic simulation, he finds that only 60 
satellites are required—noting however 
that his simulation requires “that the 
switching time be much less than the dwell 
time of 42 milliseconds at the minimum 
target distance of 100 km." i 
. The present analysis explicitly considers 
retarget time for both distributed and 

' regional basing of ICBMs. We consider a 

constellation of satellites assumed to pro- 

vide, over the region of ICBM silos, an 
areal density s (number of satellites per 
unit area) adequate to destroy all ICBMs, 
assumed launched simultaneously and 

_ burning out in time Th. 

The derivation of the overall number of 
satellites S from the required local areal 
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Boosters рег (mm) (b) 


Fig. 2 Perfect satellites as in Fig. 1 are uniformly distributed at optimum (near-zero) altitude 

above a distributed booster density of b and are constrained to shoot within their tiling hexagons. 

Soviet missiles are said>* to number 1,400 and be distributed over an area of 10 (Mm); thus 

Б = 140! With a 5-sec laser retarget time and 100-sec engagement time, some 5.8 satellites рег 
(Мт)? are needed—or 950 in optimum orbit world-wide. 


density s entails the calculation of s as a 
function of orbit parameters. Satellites in 
a mixture of orbits giving uniform density 
everywhere will occupy 4E? = 509(Mm)* 
of area, so that $--509s. Launch sites 
clustered at the North Pole could be 
attacked most effectively with polar-orbit 
satellites, which have a much larger lati- 
tude-band-averaged density at A =+90° 
than elsewhere. Silos limited to the 


Equator could be efficiently addressed by 


equatorial low-Earth-orbiting satellites. In 
general, there will be an optimum orbit to 
attack boosters launched from silos spread 
uniformly from latitudes A, to A;. If we 
assume satellites uniformly phased in 
orbits of optimum inclination i, the band- 
averaged satellite density 
— [2 n(A) cos A dà 
(nas fe cos А di (1) 


where n(A) is the satellite density averaged 
by Earth rotation for latitude A. This is an 
optimistic measure. For satellites of very 
short range, the constellation capability is 
limited by min(n(A)) over A, <A < àz. For 
long-range satellites, those outside the lati- 
tude range will have to be considered, 
which wil reduce the average density 
below that calculated here, so that the 
concentration factor y derived here is an 
over-estimate, especially because the 
granular satellite density is assumed 
uniform. 

For N satellites on any orbits of inclina- 
tion i, the longitude-averaged 


n(A) -(N/2a?)/(sin i-sin? A)? (2) 


for A <i and n(A) - 0forA > i. Averaging 
over a band from A, to A;, we have for 








such orbits 
(n)(A, А) = (N72?) 
[sin (sin A;/sin i) — sin"! (sin A,/sin i)] 
(sin A; sin A)! 
à (3) 
(for А, « A; « i, and with obvious modifi- 
cations for А> i). For silos spread uni- 
formly between 50? and 60°, the maximum 
concentration factor y is reached with 
orbital inclination i=60°, and is y =3.1, 
which we have used in constructing Table 
1 and Fig. 1. Thus we multiply required 
satellite densities by 164 (Mm), confident 
that the resulting number of satellites will 
always be an underestimate. 

We assume a steady or rapidly pulsed 
laser on each satellite, provided with an 
optically perfect diffraction-limited mirror 
of diameter D which is refocused at the 
range of that booster which is the target 
of the moment. (The Hubble space tele- 
scope will have D = 2.4 m; demonstration 
of even megawatt diffraction-limited 
chemical lasers is several years away in 
the SDI programme.) The laser is assumed 
to have a steady output power P and 
wavelength A. For a uniformly illuminated 
output aperture of area A=7D?/4, the 
maximum possible power density at any 
point in the focal spot at range r is 
obtained from the brightness B ofthe laser 
(power per steradian of solid angle) as 
p= В/т?. In turn, B is given precisely by 
B—PA/A?, which can be shown by 


- integrating over the radiating aperture to 


obtain the electric field a short distance 
away, and comparing with the electric field 
when the entire aperture is phased to pro- 
vide a focus at distance r. 
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In the numerical examples we consider 
P=25 MW, D «10 m, A —2.7 micrometre 
(hydrogen fluoride). We thus take B= 
2.69 х 102° watts per steradian. At r= 
3,000 km or 3 Mm, the power density is 
thus 30 MW тг? . We assume a booster 
hardness J =200 MJ m ?, which is 
sufficient to evaporate a layer of carbon 
2mm thick. Then the time t(r) = Jr?/ B 
required to deliver the assumed lethal heat 
is 6.7 seconds. Such calculations assume 


that the satellites can see the boosters - 


sufficiently -clearly and can point 
sufficiently accurately and stably that the 
power density at the peak within the 1-m 
diameter spot (at 3-Mm range) is not 
diminished by spot wander exceeding a 
few tens of cm during the 40 km or so 
travel of the booster during the 7-second 
engagement. 

As one considers countering missiles 
with boost times ranging from the 300 
seconds or so of the Soviet SS-18 to the 
180 seconds of the US MX missile and to 
the 40 seconds of a fast-burn ICBM, the 
need arises either for more satellites or for 
satellites at closer range. Furthermore, 
particularly for powerful satellites or for 
close-range engagements, the time T, 
required for the laser satellite to retarget, 
to slew and settle the beam to the necessary 
accuracy of 0.1 microradian or better, 
plays an important role in determining the 
size of the constellation. 

Our programme is first to calculate, for 
a flat Earth and a planar satellite constella- 
tion at altitude h, the number of missiles 
launched from a region that could be 
killed by a constellation of satellites with 
particular density and laser characteris- 
tics. We then extend that calculation to 
the more realistic case of a spherical Earth, 
obtaining a reasonably accurate closed- 
form expression (Fig. 1). Next we calcu- 
late the missile-killing potential of an 
assumed satellite constéllation density 
above a uniform areal distribution of 
boosters, for which each satellite is as- 
signed the boosters within its circle of 
responsibility (Fig. 2). This would be a 
reasonable assignment strategy for 
boosters covering the entire Earth at uni- 
form density, but it has also been used to 
justify "square-root scaling" of satellite 
numbers against booster numbers for 
boosters deployed over 10 (Mm, taken 
to be the deployment area of the 1,400 
current Soviet ICBMs”*. The results are 
tabulated in Table 1 and discussed for 
some cases of interest. 

Although there seem to be no published 
results on laser constellation size for finite 
retarget time, our calculations show the 
great importance of the time required to 
move the beam from one booster to the 
next. 


Clustered launch 


We now turn to the problem of relating 
local satellite density to the number of 
boosters to be destroyed. For Mo boosters 
all launched simultaneously from a point, 
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Table 1 Required satellite densities s, and numbers S. 





M J To 1; s' s" 
boosters (MJ m`?) (s) (s) (рег (Mm)?) S (рег(Мт)2) 5" 
1,400 200 100 3 4.24 697 2.32 381 
1,400 200 40 3 10.54 1,732 5.80 , 953 
3,000 200 40 3 22.5 3,699 12.43 2,044 
1,400 200 100 0.5 0.89 146 1.53 251 
1,400 200 40 0.5 1.96 322 3.82 628 
3,000 200 40 0.5 3.97 653 8.18 1,344 
3,000 200 100 0.5 1,71 281 327 537 
1,400 200 100 0.1 048 79 1.14 187, 
1,400 200 . 40 0.1 0.84 138 2.85 ^ 468 
3,000 200 100 0.1 0.76 126 2.44 401 
3,000 200 40 0.1 1.39 228 6.10 1,003 
=== еее 
1 1 s » | 
Boosters distributed over 10 (Mm)? (solution of Eqn. 18): | Н 
(Lasers assigned local areas of responsibility) | I 
(Flat Earth, satellite numbers will be greater than shown) | 
: I 
Concentrated boosters with horizon cutoff of satellite effectiveness: --———-—--—- А! 
(Round Earth, solution of Eqn. 13, optimum altitude h? = (BT,/J)) 


For Т, =3, 0.5, 0.1 seconds, h is 2,010, 820, or 370 km, respectively. 
The point-launch approximation holds for С = h, where С 15 the diameter of the launch field 


Orbiting satellites carrying 25-MW lasers of 2.7 шт wavelength and with 10-m diameter perfect 
mirrors (brightness B = 2.69 х 107° W per steradian) are placed in near-optimum 60? inclination 
orbits for boost-phase intercept of ICBMs near 55? latitude. The last two columns present the 
local satellite density s" to destroy the indicated number of missiles of boost time (engagement 
time) То, with satellites of retarget time T, assuming the missiles concentrated in a region not - 
much bigger than the altitude of the satellites. Total number S" of satellites needed is obtained 
by multiplying s" by the surface area of the Earth —509 (Mm)?—divided by a concentration factor 
of 3.1. For this concentrated launch, optimum orbit altitude (Eq. 12) 1s 2,010, 820, or 370 km 
respectively for retarget times of 3, 0.5, or 0.1 s. Columns s' and S' are an improved analysis of 
an assumed distribution of boosters clearly inapplicable to the parameters discussed here—as if 
boosters were deployed at constant density everywhere, with satellites constrained not to shoot 
at a booster if there 1s a satellite closer to that booster. This model would clearly require more 
satellites than if an optimum assignment were used, as in calculating the density 5” against clustered 
launch. Equally clearly and primitively, distributed boosters should be an easier task for the 
defence—a correct intuition contradicted by the comparison of 697 satellites and 381 satellites in 


the first row of the table. The discrepancy arises because the assumed model”* 


and if a satellite constellation of local 
density s and brightness B, deployed at 
altitude h, is assigned to kill them, we 
assume a continuous distribution of satel- 
lites and that the beam is always normal 
to the booster surface. Since the time to 
kill a booster at distance r is Jr?/B, a 
satellite at distance r can kill m(r)= 
(BTy/ Jr?) boosters in the available boost 
time To. 

The missile-killing potential of the con- 
stellation against clustered launch is then 
obtained by integrating m(r) over all satél- 
lites from those directly above the launch 
site (r= Л) to some maximum r. We cut 
off the integral at r — U, defined as the 
distance beyond which a satellite can no 
longer kill even one booster. Then U is 
given by m(U)=1, ог О? = BT,/ J. This 
calculation optimistically takes credit for 
fractional kills above unity. Each satellite 
closer than U is assigned a different 
booster and heats it for the required time 
before being assigned and moving 
instantly to heat another. The number of 
boosters that can be killed, M, is then 


M= | sm(r)2ap dp 


P=max Qasp dp 


orn бед 


p=0 


(4) 








is inappropriate. 


where the coordinate system is fixed at the 
booster launch point, the integration runs 
over the various satellites and p is the 
radius from the origin to a sub-satellite 
point. With а = r?=h?+ p?, 


a=U? 
M= (вт?) | da/a ~ 


a=h 


= 78(BTo/J)In-(U2/h?) (5) 
= пз(ВТ;/ J) In (BTo/Jh?) - (6) 


For the 25-Mw 10-m diameter HF laser 
described earlier, we have B= 
269 Mw(Mm)? m^?, J =200 MJ m? and, 
for Т= 1005, U=11.6 Mm. For h= 
500 km (0.5 Mm), the logarithm is about 
6 and varies only slowly with й. 

A planar constellation of one satellite 
per square megametre and zero retarget 
time, consisting of some 164 satellites in 
optimum orbit covering only Soviet ICBM 
sites, could thus destroy 2,657 missiles of 
the assumed characteristics. But, as will 
be seen, the recognition of satellite retarget 
time of 0.1, 0.5, or 3.0 seconds reduces this 
capability to 2,475 2,107 and’ 1,468 
boosters respectively. The imposition of 
horizon limitations for the case of a curved 
Earth will then further reduce the capabil- 
ity of the constellation. 
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Flat, Earth and non-zero retarget time. A 
10-m diameter mirror cannot move 
instantly from one target to another. The 
Hubble space telescope has a settling time 
of 3 seconds for the smallest motion within 
a beam-width (about 0.2 wradian), and 
will take several minutes to move to a new 
target. Because of the large laser power at 
the mirrors, it is not possible to make use 
of tricks often used in optical systems for 
compensating imperfect figure or orienta- 
tion of large elements by the deformation 
or motion of smaller elements. For the 
same reason, and because the beam must 
be moved typically 6° or so between targets 
(some 4 x 10° beamwidths) electro-optical 
phase-shifting coatings cannot do the job. 
It might be possible to retarget a 10-m 
mirror to within 0.1 microradian or less 
in, say, T, = 3 seconds. We shall consider 
T, = 3, 0.5, and 0.1 s. Kill time Jr?/ B then 
becomes T,+Jr?/B, which is equivalent 


to replacing r^ by (r^ BT,/J) in ће | 


calculation of M. We then have 


ERG 


М = ss(BTo/ J) In БЕ BT.) 


C) 


Round Earth. The horizon (tangent plane 
to the Earth at the booster launch location) 
intersects the satellite constellation sphere 
at a distance 3 
Hs[(Ec-hy-E?]"^ — .(8) 


Satellites beyond that distance are below 
the horizon and shielded from the booster 


at low altitude. For example, Н = 1.94 Mm. 


for h = 300 km, far less than the upper 
limit of the integral for calculating M in 
the flat-Earth case, for which U exceeds 
11 Mm. Apart from small effects relating 
to the somewhat reduced range to a satel- 
lite on the basing sphere at p, the spherical 
distribution of satellites can be taken into 
account. With 


U'min(U)(H)) 09) 
Equation (7) becomes 
Ж (U?4 m 
M =(тВТЬ/ J) In er (CETUR 
(10) 


or, for the normal horizon-limited case, 
M = (asBT)/J) 
Xin [1+ 2hE/(h?+ BT,/J)] 
(11) 


In order to use the satellites to best advan- 
tage, we maximize M with respect to h. 
. The logarithm is maximum when the argu- 
ment is maximum, which for the horizon- 
limited case, yields the criterion 


h? = BT,/J, (12) 
For this optimum altitude, we then have 
M=(asBTo/J) * 


ха [1+ E(BT,/J)~'/7] (13) 
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Fig. 3 Shorter retarget times T, than in Fig. 2 are modelled here. Note that the “‘square-root 


scaling"?^ 


is confined to low booster density and is replaced by a linear relationship at high 


booster density. Satellite density s' exceeds the greater of bT,/ T, and (Jb/2«BTo) ^. Thus а 
model which is inapplicable because of geographic distribution also fails to give favourable 
square-root scaling at large threats when finite retarget time is considered 


valid so long as H?« U?, or so long as 
2b(BT,/J) ^ -(BT,/JJ) «U?., For B= 
269, J — 200, this condition is satisfied up 
to T, = 9.8 seconds for 7,—40 and 7, = 
17.55 for 75-100. The results for the 
numbers of boosters killed are plotted 
in Fig. 1. 


Distributed boosters 


We now turn to the question of the validity 
of the claimed "square-root scaling" of 
satellite density with increasing booster 
density. To calculate the constellation 
densities to destroy boosters distributed 
uniformly (with density b) over a plane, 
we assume satellites on a regular triangular 
(hexagonal close-packed) lattice at alti- 
tude h, with nearest-neighbour satellite 
spacing 2R. To each satellite is assigned 
the task of destroying every booster in its 
own circle of responsibility of radius R 
(which strictly is a hexagon whose area is 
10.3 per cent greater than that of the inten- 
ded circle). The capability of each satellite 
is exhausted when the sum of the times 
taken to kill each booster (including 
retarget time) exceeds the available 
engagement time To. For a given booster 
density b, we calculate the time T required 
for a satellite to kill its "own" boosters, 
which is a function of the parameters b, 
J, h, R, B and T, If the laser parameters 
B and T, are fixed, we maximize constella- 
tion capability with respect to h for a given 
satellite density s = 1/ aR? and thus deter- 
mine b, which gives a point on the b-s 
curve of booster density against satellite 
density (or number). If t(r) is the time to 
kill a booster at distance r, and p is now 
the radial coordinate on the ground, with 
origin at the sub-satellite point, the time 





required to kill all boosters is 


р= ЕЁ 
r= | t(r)b2ap dp (14) 


p=0 

The integral extends over all the boosters 

within radius R of an individual satellite. 

With t(r)- T,*J?/B and aser 

(BT,/J), the time Т becomes 

aJb/ B | a da between limits which are the 

extreme values of a (differing by R?), 

which leads to the result 

Толын) Cz (2aJb/ B)(R^/4) 
х[1+ (2/R*)(BT,/J+ h?)] 

(15) 


This time is a minimum at h = 0, whence 


Tunt) = (27Jb/ B)(R*/4) 


x (14 2BT;/ JR?) (16) 
and Е 
To= (Jb/ B)( TR?) (2/47) 
x(1+2BT,/ JR?) (17) 
s? = (Jb/ BT} (1/27) 
X[1-(-7,B/J)s] (18) 


Satellites cannot be in orbit at zero alti. 
tude, so that s defined by this quadratic 
equation will again be an underestimate. 
The equation determines- the satellite 
density s required to cope with an 
infinitely extended booster distribution of 
density b. 

A more flexible assignment of targets 
would require fewer lasers, but we take 
our restrictive assignment scheme as a pre- 
requisite (but not a sufficient condition) 
for a claimed square-root scaling, in order . 


290 





to explore the. actual scaling law. The 
solution of,the equation is 


5 = (T,/ T))(b/2) 
x{1+[1+(1/b)(2/a)( ToJ/ BT2)] 7) 


; (19). 


If Ь»Б*= (2/т)(Т/ Т,)(Ј/ ВТ,), then 
s = БТ, / To and is linear in booster density. 

For the parameters assumed, our b* = 5.3 
per (Mm)? is far below the existing 140 per 
(Мт)? density of Soviet ICBMs, and the 


number of satellites required is linear іп. 


the number of boosters deployed. In terms 
of satellite density, (2m T, B/ J) is 25.36 for 
satellite retarget time T, — 3 seconds. Thus 
the second term in equation (18) domi- 
nates the first for s>0.04 satellites per 
Square megametre. Much wéaker satel- 
lites, or shorter retarget time, or tougher 
boosters will be required to obtain 
"square-root scaling," even for infinite 
distributions of boosters and satellites? 
Equations (18) and (19) teach us that 
"square-root scaling" can enter only at 
low satellite density or low booster 
density, respectively. But a stronger infer- 
ence can be drawn from Equation (19) 
regarding the scaling of numbers of satel- 
lites of given cháracteristics versus num- 
bers of boosters of infinite extent. Clearly, 
the asymptotic behaviour for large num- 
bers of boosters is s = bT,/ Т, —еасһ local 
satellite destroying a booster each retarget 
time, for the entire burn or engagement 
time. But Equation (19) tells us that satel- 
lite numbers are always greater than that 
given by the asymptotic formula, and in 
the linear range this residue of square-root 
scaling requires an additional satellite 
density s, = J/2«BT, Thus we know that 
even on the assumption of widely 
deployed boosters, the required local 
density of satellites is at least the local 
density of boosters multiplied by Т,/ To, 
and the ratio of the cost of the, satellite 
constellation to the cost of the booster 
constellation exceeds - 


(C./C) X(T/ To) x (4 E?/ yA) 


where С, is the cost of a satellite, C, the 
cost of a booster, and A the area over 
which the boosters are deployed. Adopt- 
ing the proposed^? assignment strategy 
that satellites should be restricted to shoot 
within their circles of responsibility (as 
required for square-root scaling), and 


assuming the deployment area to be 10 
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square megametres and a satellite con- 
centration factor у.= 3.1 from optimum 
orbits, satellite numbers are 16T,/ Ty times 
the number of boosters. With 3-second 
retarget time and 100-second engagement 
time, one satellite must be deployed for 
every two boosters, and the defense would 


be -overcome by a cheaper offensive . 


deployment if a booster cost less than half 
the price of a laser battle station. 
Since the laser must have been launched 


into orbit by a rocket, and weighs far more. 


than the ICBM: payload, and because 
lasers must be deployed over an area very 
much larger than the.booster deployment 


area (to which active lasers are limited by ` 


the assignment strategy needed for square- 
root scaling), boost-phase intercept can 
hardly be achieved -cost-effectively by 
satellites armed with powerful lasers. Fur- 
thermore, for non-zero retarget time and 
for reasonable satellite and booster 
characteristics, satellite numbers are pro- 


_portional to booster density even for 


infinitely extended booster. deployment. 


.Bécause satellites are assumed.to shoot 


only, at local boosters in the distributed 
launch case, there appears to be little 


difference between the planar constella- 


tion and round-Earth results for dis- 
tributed launch, although the smaller 
values of S’ in Table 1 would be increased 
by recognition of horizon limitations 
which impose В>0; 

With the simplistic assignment of satel-: 
lites to kill widely distributed boosters in 
their immediate vicinity, Equation (18). 
shows a’ number ‘of. satellites: linear in 
booster density except for near-zero 
retarget time, and then only for satellite 
altitude zero or scaled with satellite separ- 
ation, and also only for low booster 
densities. According to Equation (19), 


large booster density, short burn time, . 


reduced booster hardness, enforce linear 
scaling; while poor laser brightness and 
short retarget time are conducive to 
square-root scaling. Figure `2 and the 
columns in Table 1 labelled: s" and S” 
demonstrate . near-linear 


boosters. 
This rather primitive assignment of 


satellite resources is in fact far from: 
optimum in some of the.cases considered. 


here, and since a defensive system will be 


two decades, or more in evolution, it is . 


realistic to consider the satellite numbers 


required to overcome a more responsive . 


scaling for 
“many cases of interést. with distributed 
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threat—the clustered launch of smaller 


_ missiles. 


The last two columns in Table 1 present 
the satellite density and numbers required 
to.handle the indicated booster threat for 
launch of boosters from an area some hun- 
dreds of km diameter, We assume 25 MW 
of 2.7: micrometre "laser . light; 40-m 
diameter perfect optics; retarget time T, 


"of 0.1, 0.5, or 3.0 séconds as indicated; 
-efigagement duration Tp. For concentrated 


launch, the required number of satellites 
is proportional to the number of boosters. 
Figure 3: demonstrates that only for 


`теїагре{ time of 0.1 second is there such a 


thing.as “square-root scaling" at existing 
booster' numbers. Furthermore, Table 1 
and Fig. 1 illustrate'that the Soviets have 


‘a far more effective response than to build. 
^ additional silos distributed over their vast- 
_territory—namely: to cluster them in а 


region 1,000-km diameter, or so, and to 
pay the módest additional cost to shorten 


~ burn time to 40-50 seconds. This would 
- also negate boost-phase intercept by satel- 


lites carrying X-ray lasers, particle beams, 


.and by any pop-up weapon. Such a 


response would ensure that boost-phase 
intercept could not meet the requirement - 
stated for the US Government on 20 
February by P. H. Nitze that it "be cheap 
enough to add additional defensive capa- . 
bility so that the other side has no incentive 
to add additional offensive capability to 
overcome the defence." 

The draft manuscript benefited from 
comments by H. A. Bethe, G. H. Canavan, 


‚К. Gottfried, M..Lecar, and P. D. Zimmer- 
man”. > ? '. .ü 
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Nuclear collisions at intermediate energies: 
achievements and prospects of GANIL 
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GANIL, Boite Postale 5027, 14021 Caen Cedex, France 





At energies of tens of mega-electronvolts per atomic mass unit, nuclear collisions exhibit phenomena 
more complex than the essentially collective behaviour at lower energies or the more individualistic 
nucleon interactions observed at much higher energies. This intermediate regime is being uniquely 
explored at the French national heavy-ion accelerator GANIL. 


THE French facility for heavy-ion physics, GANIL (Grand 
Accélérateur National d’Ions Lourds), has been operating since 
13 January 1983. The first beam from this accelerator, which 
uses a series of three cyclotrons to bring the velocity of ionized 
atoms to about one third of the velocity of light, had been 
obtained two months earlier, in November 1982. From the start, 
GANIL was thought of as a national facility. This had two 
consequences: first, the formation of a very able team of 
engineers and technicians from all French laboratories; second, 
the choice of an accelerator that would represent a significant 
improvement on anything previously built in France, but which 
was within reach. 

The nature of the beams to be accelerated and the type of 
the accelerator were decided in 1972-74. At that time, heavy-ion 
research had just established itself in the study of atomic nuclei. 
For some years, many physicists had considered it to be а 
backwards step from the precise and successful analysis of 
discreet nuclear states that the accelerators of light ions, such 
as protons and a-particles, had provided. Massive projectiles, 
such as the ions of carbon, calcium and heavier elements, with 
poor energy resolution, were described by some as awkward 
tools forthe study of the subtle quantum structure of nuclei—not 


much better, perhaps, than the use of boxing gloves to put thread ' 


through the eye of a needle. Yet, in about 1970, it was clear 
that nucleus-nucleus collisions, as made possible by heavy-ion 
beams, were unique means of studying the collective coherent 
behaviour’of nuclei. New phenomena were discovered and the 
lexicon of nuclear physicists had to be expanded to include new 
phrases such as dissipative phenomena, temperature, time evol- 
ution and friction, which undoubtedly reflected increasing 
knowledge about nuclei. French groups had been particularly 
active in this field, with a major part being played by the ALICE 
accelerator in Orsay. 

What was the next step? One problem arose from the mismatch 
between the turnover time for an experiment, typically 6 months 
to 2 years, and the time needed to design and build a heavy-ion 
accelerator, typically 5-10 years (constructing an accelerator for 
particle physics takes about the same time but experiments last 
several years. At the other extreme, in most fields of physics, 
the turnover time of experiments is measured in months, as in 
nuclear physics, but the equipment is usually lighter and can 


Some 30 articles dealing with experimental work done at GANIL have 
been published so far. They are systematically compiled and discussed 
in Nouvelles du GANIL, published bimonthly and sent on request to 
ali interested scientific institutions. х 

Among the general papers (unpublished) dealing with САМИ, 
nuclear physics are: 

M. Lefort Lectures to.the Cargese Summer School *Heavy-Ion Col- 


lisions from Nuclear Collective Motion to Quarks' (September 1984; 
preprint IPN-Orsay IPNO-DRE-84-33). 

B. Tamain Lecture to the 16th International School on Nuclear Physics 
(Mikolajki 1984; preprint LPC Caen 84-03). 

C. Detraz Mt Fuji Symposium on Heavy-Ion Physics *First results 
from САМИ? (Tokyo, August 1984). 








be transformed at a similar rate). Hence, at the beginning of 
the 1970s, French nuclear physicists had to design an accelerator 
for the 1980s and 90s while hoping that the next experiments 
woud help to elucidate the mechanisms of dissipation of excited 
nuclear systems within the next year. But choices had to be 
made, and three orientations were agreed upon: (1) The new 
accelerator had to accelerate ions up to velocities of 100 MeV 
AMU"! with no provision for extending that range further. (2). 
The structure of the accelerator would consist of a small compact 
injector cyclotron followed by two large separated-sector cyclo- 
trons operating in series (Fig. 1). Other possibilities were discar- 
ded. A linear accelerator would have opened up a regime field 
not very different from that well explored by GSI Darmstadt. 
Cryogenic cyclotrons would have proved difficult to design and 
operate safely, a risk that a relatively small community could 
not afford. The coupling of an 10n source of high ionization 
ability with a synchrotron would, it was felt, limit the intensity 
of the beams and relv too heavily on the overcoming of technical 
problems not then solved. The choice made seemed to represent 
the best compromise between innovation and security. (3) The 
new laboratory had to be a national facility, therefore all 
agencies and laboratories had to contribute in manpower and 
financially to ensure the successful completion of the GANIL 
programme. 


Intermediate energy physics 


Next, I discuss the reasons that determined the choice of the 
beam energies available at GANIL. The idea was to study 
nuclear collisions in an energy range where a transition between 
two regimes occurs. Figure 2 shows the domain availàble with 
GANIL in comparison with other existing or projected 
accelerators. At energies of several tens of MeV AMU'! the 
processes at work when two nuclei collide should change 
markedly. I will address four such arguments. 

First, the wavelength A associated with-a nucleon'of a projec- 
tile with an energy of say 5-10 MeV AMU , available with 
major cyclotrons and tandems, is much larger than the mean 
distance d between two nucleons of the target nucleus. Thus, 
the incoming nucleon will ‘see’ (that is, interact with) several 
target nucleons. The collision process will then seem to be 
essentially collective. In the 1960s and 70s one could thus study 
the fusion process in which the two colliding nuclei fuse into a 
single excited nuclear system, and the so-called deep inelastic 
collisions where a temporary binuclear system is formed before 
the two partners separate again. The latter, an unexpected pro- 
cess, offered significant new information on the collective 
properties of nuclear matter and even, at a more elementary 
level, on the mechanisms that allow the propagation and dissipa- 
tion of energy and angular momentum. 

At the other extreme, say at 1,000 MeV Амо”! energy, the 
situation is clearly the opposite, A becoming smaller than d. The 
reaction mechanism results from the superposition of nucleon- 
nucleon interactions. The degree of overlap of the two colliding 
nuclei determines the dominant behaviour. In central collisions 
complete explosion is observed, whereas in peripheral ones a 
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participant zone, highly excited and ‘emitting many fast 
nucleons, can be distinguished from the spectator zones corre- 
sponding to the non-overlapping parts of the nuclei. Despite 
their very low beam intensity, those high-energy machines that 
could accommodate heavy ions, such as the Bevalac in Berkeley 
and the synchrophasotron in Dubna, confirmed this overall 
picture. 

Second, the quantum nature of the two colliding nuclei means 
that the interaction of two of their nucleons, which are fermions, 
is only possible if they can be scattered into unoccupied discrete 
states. Because all the quantum states below the Fermi level are 
occupied i in both nuclei, this requires that the energy available 
in tbe nucleon-nucleon collisions be large enough to promote 
these nucleons into highly excited states. In terms of velocity 
instead of energy, individual nucleon-nucleon interactions play 
a significant part in the nuclear collision only if the relative 
velocity of the nucleons is larger than the Fermi velocity, which 
is equivalent to ~35 MeV AMU™?. 

Third, the velocity of sound in nuclei can be calculated from 
what is already known about the elementary modes of excitation 
of nuclear matter. An elementary local perturbation of the wave 
function of nucleons propagates with a velocity of ~30 MeV 
АМЫ}, When the relative velocity of colliding nucleons is far 
below this value, the perturbation induced can be distributed 
all over the nuclear system during collision time. In other words, 
thermalization can be achieved but above this value it is imposs- 
ible and thus the nucleons ejected remain very energetic. 

Fourth, it has long been known that two nuclei can fuse only 
if the total energy*transformed into excitation energy of the 
compound nucleus is not too high. Above an average value of 
8 MeV per nucleon, the nucleons become unbound and the 
nucleus is then beyond its boiling point. Such a situation is 
reached in a collision of nuclei with similar masses when the 
bombarding energy in the laboratory reference frame is ~30 or 
35 MeV АМО! but never in the few experiments performed 
above 100 MeV AMu™. 


First results from GANIL 


The long-term goals of the research programme at GANIL 
proceed from the above arguments. The energy available allows 
us to explore the transition region where the nuclei evolve from 
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Fig. 1 Layout of the GANIL accelerating sys- 
tem, consisting of one compact cyclotron injec- 
tor and two large separated-sector cyclotrons 
(SSC). A thin carbon-foil stripper increases the 
charge stage of the accelerated ion before enter- 
ing the second SSC. An a-shaped magnetic 
analyser selects the momentum of the acceler- 
ated particles before the beam is transported to 
the various experimental areas. 
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a coherent state to a collection of individual nucleons. One can 
formulate the regime in terms of a thermodynamic phase transi- 
tion. The nuclear system formed in low-energy collisions can 
be described by collective variables; it exhibits a high degree 
of coherence and is not unlike a liquid. The concepts of viscosity, 
temperature, friction and the shape parameters seem to be useful. 
In high-energy collisions, the system behaves like an assembly 
of loosely interacting individual nucleons, rather similar to a gas. 

The GANIL energies encompass the transition region. How 
does such a phase transition proceed and what phenomena 
occur when the nucleus looses its coherence? To observe and 
analyse these features is the primary experimental objective of 


.the accelerator. More fundamentally, perhaps, these observa- 


tions should allow physicists to address the following question: 
out of the very large number of degrees of freedom of the system 
formed by the excited assembly of nucleons, can the few relevant 
parameters that describe its structure and evolution be iden- 
tified? This question defines a basic problem in statistical phys- 
ics. The excited piece of nuclear matter formed in the collision 
has very distinctive features: it consists of a finite number of 
fermions, carries a high internal energy and is governed by the 
laws of quantum mechanics. Present-day statistical mechanics 
have not answered to this problem. It cannot provide parameters 
to derive the relevant variables nor laws to describe the evolution 
of such a system. These answers must come from nuclear physics 
itself. 

Yet the experimental information obtained from these nuclear 
collisions seems hopelessly complex. A large variety of nuclear 
fragments with a wide energy spectrum are emitted at all angles 
and an accurate description of the actual reaction mechanism 
must be obtained from this mass of information. In heavy-ion 
physics, the additional wide variety of target, projectile and 
energy combinations adds both to the amount of information 
and to the difficulties of its interpretation. 

The search for a thorough description of nuclear matter at 
the limits of its coherence, which, as stated above, is the goal 
of САМИ, physics, could then start from hundreds of arbitrarily 
chosen points of view. One could say: let us investigate whether 
fast oxygen fragments are emitted forwards in coincidence with 
isotopically emitted a-particles, when argon and uranium nuclei 
collide. One would certainly observe such events with a probabil- 


boy > И -- 


NATURE VOL 315 23 MAY 1985 





Energy (MeV per nucleon) Es d ' 






`s MSU K500 
E^ бв). 














~Sara ^ 
EN (France) x 


S> Milan (Italy) (1986) 
Unilac (R Fa) 


S х=; Riken (Japan) (1986) 


Ganil (France) 


^ Oak Ridge(usa) ' 
MSU K500 E 
ОВА). 


Relative atomic mass 
O 20 40 84 ' 131 s 238 

Ne Ar Kr Xe >- u 
Fig.2 Maximum energy (in MeV per nucleon) of accelerated 
ions from several accelerators, as a function of the atomic mass ' 
of the ion. Solid lines refer to operating facilities and dashed lines ' 
to projects. 


ity that could be measured,’ then move to another event. 


' However, little insight would ‘emerge from such a rangom., 


approach. 
At GANIL, physicists started from known facts. AS said 


above, they had reached a detailed understanding of the dissipi- 


,tative phenomena that occur in lower energy, collisions. 


Similarly, the well-documented fragmentation process observed 
at high energy could be used as-a reference. Thiése initial points 
of reference have been used extensively since the first experi- 
ments of January 1983. 

In dissipative interactions,-the.two colliding nuclei are linked . 
for atime, rotating around their centre of mass and progressively 
equilibrating the various parameters‘ that describe their respec- 
tive structure, such as the ratio of neutrons to protons (N/Z), 


the energy and the angular momentum. Of these parameters, ' 


the one that equilibrates fastest is ће. №/ 2 ratio. This means, 
for iristance, that а 2881 i projectile (14 p, 14 n) interacting with 
a heavy target such as ?Pb, which has a large neutron excess 
(82 p, 126 n); will emerge as а neutron-enriched fragment. Such 
an equilibration occurs in ~2 x 10-7 s. It seemed of interest to 
see whether such a fast equilibration process would still occur 
at higher incident energies, that is, for shorter interaction times. 

An unambiguous- answer was achieved with incident beams 
of ~40 MeV. per nucleon. Although the' interaction times are 
lorig enough to accommodate the fast N/Z equilibration pro- 


' cess, the average value of the N/Z parameter of the emitted 
А fragment was found not to be influenced by the target. Rather, 


it closely reflects the value of the projectile, hence pointing to, 
a fragmentation process. The forward-emitted .nucleus results 
from the breaking-of the projectile in the field of the target. No . 
binuclear state is formed that would allow for some equilibration 
of the parameters. It took only two weeks to obtain the expected, 
although-reassuring, information that the GANIL energies were 
high enough to observe the transition from low energy to high 
energy processes; it took a few months to confirm it with other 
projectile-target systems. Since then, however, a large amount 
of beam time has been necessary to qualify the observation that, 
at energies as low as 40 MeV per nucleon, collisions result in 
fragmentation. 

Several well- established propali of the forward- emitted 


fragments are incompatible with a pure projectile-fragmentation.- 
1 D - asa 


. Future research 
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- mechanisin. First, it was observed that the isotope distribution 


‘of the fragment (that is, the variation of the yield of isotopes 
of a given element Z with their mass A), depends somewhat 
on the nature of-the target. More precisely, the more neutron 
rich the-target is, the more probable is the emission of a neutron- 
rich fragment. Hence, the so-called fragmentation of the projec- 
tile includes some exchanges between the two colliding nuclei, 
a property obviously at variance with a pure fragmentation 
process. Second, some of the forward-emitted fragments actually 
gained опе or two neutrons or protons as compared with the 
incident projectile, which again is incompatible with pure frag- 
mentation. Finally; the energy characteristics of these fragments 
differ from those observed at higher energy. Instead of being 
centred around the velocity of the projectile, as expected and 
observed for fragmentation products, the velocity spectrum 
extends to lower values, giving evidence for the importance of 
relaxation processes during the interaction. 

. This accumulation of facts for and against a model of a 
reaction discussed here must be seen as an example of the 
approach pursued at GANIL during the first one or two years. 
Similar studies have been performed on the fate of central 
collisions. The abilitv of the two nuclei to fuse and the possibility 
that the resulting nucleus absorbs all the momentum carried by 
the projectile have been studied for different systems and for 


Я various energies. 


This first stage of research is basically complete, at least for 
projectiles no heavier than krypton. The main facts are collected 
and published, but, at this stage, ‘the conclusions remain 
ambiguous and difficult to formulate. This should not be surpris- 
ing. Again, the results have been interpreted within the 
framework of known reaction mechanisms, Physicists have been 
looking for footprints they Could identify and so they ascribe 
the -results to the contributions of several mechanisms. This 
situation will not last: at the limits of nuclear coherence, when- 


_ ‘the internal motions inside nuclei and the relative motion of the 


two colliding nuclei carry similar velocities, new processes, as 
yet unknown, will provide a simpler description. So far we 
approximate them through conceptually’ understood mechan- 


~ isms described for other situations. But the procedure that helps 
‘us describe the apparently complex properties of the system 


should not be mistaken for the as yet undefined new set of 
original concepts, effective variables and simplifying models. 


We have now entered a new phase of ТРЕ along the 
lines discussed above. Both experimental and'theoretical physic- 
ists (perhaps not as readily distinguishable in heavy-ion physics 
as in other fields of nuclear physics) have concentrated on 
examining systematically the relevance of the variables com- 
monly used in the light of the first results. For example, can we 
define a temperature and find unambiguous ways to measure it 


‘in the systems under study? This new phase should bring us 


closer to selecting the relevant parameters. 

Simultaneously, the need to move from inclusive measure- ' 
ments to more exclusive ones results from the gross features of. 
reactions.already observed. For instance, when one observes a 
so-called fragment of an argon projectile after collision with, 
say, a nickel nucleus, which other fragments or particles emitted 
during that process have gone unobserved; at which angles were 


. they emitted; and how much of the initial energy did they carry? 


: These questions call for large multidetectors with an ability 
to detect and measure fragments in all directions. For each single 


‘ collision, several hundreds of parameters must be read to collect 


all the information gathered by all the detectors. It would have 
been.unrealistic to begin with such capabilities: how could 
intelligent use of 700-dimensional information be made? Now 
that the basic features of the reactions have been observed, such 
second-generation studies become not only legitimate but 
necessary. These new experiments have already started at 
САМІ, where 7200 parameters can be read. For example, 


two-proton interferometry is used to study the size of the emitting 


hot zone of the so-called participànt nucleons described earlier. 





2" ARTICLES 


This method is very similar to the two-photon interferometry 
used to measure the size of stars. 

We are ready to develop detectors and data-acquisition that 
can measure up to 700 parameters. I do not believe that this 
implies a blind jump into experimental megalomania. This pro- 
gramme is extrapolated from systems already operational and 
derives naturally from results obtained by physicists already 
involved in understanding the dynamics of the collisions. 

Here, I have not given a full review of all the results obtained 
and all the ideas advanced to understand them, but have 
attempted, by the use of examples, to outline the means by 
which original properties of nuclear matter in the transition 
energy region opened by GANIL are being investigated. Indeed, 
this is the major challenge, yet the potential of high-intensity 
medium-energy heavy-ion beams for nuclear physics is, in my 
view, already well established by some of the results obtained. 
The use of projectile fragmentation to observe new neutron-rich 
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isotopes through.a triple-focusing magnetic analysis system 
allows us to extend the limits of known nuclei by one or two 
isotopes: М, ?Ne and ??Ne were seen in the first attempt. The 
high excitation energy that can be transferred to nuclei has 
allowed the observation of high-lying excited states of simple 
configuration, probably multi-phonon excitation, of up to 
~70 MeV. The cooperative creation of pions below the nucleon- 
nucleon threshold has been observed at the lowest energy ever. 

Those are only some examples of the results obtained. In the 
coming years, several new machines at Catania, East Lansing 
(Michigan), Tokyo, Lanzhou and elsewhere will achieve the 
performance of GANIL. This interest reflects the novelty and 
scientific importance of a wide field now opened. One can 
anticipate that major developments in the understanding of the 
properties of nuclear matter will result from such a large-scale 
effort. The challenge for the GANIL physicists will be to play 
a leading role in the emergence of the new ideas. 





A quantum potential approach to the 
Wheeler delayed-choice experiment 
D. J. Bohm, C. Dewdney' & B. H. Hiley 
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We apply the quantum potential approach to a ‘delayed-choice’ experiment considered by Wheeler and show that there is 
no need to conclude that the past has had no existence except insofar as it is recorded in the present. 


1 


WHEELER’ has given a detailed description of several possible 
types of ‘delayed-choice’ experiment designed to show that, 
according to the quantum theory, the choice to measure one or 
another complementary variable at a particular time can 
apparently affect the course of events for considerable periods 
of time before such a decision is made. Wheeler interprets this 
using Bohr's principle of complementarity and his emphasis on 
the phenomena and experimental arrangement as forming an 
indivisible whole. He concludes that “no phenomenon is a 
phenomenon until it is an observed phenomenon", so that the 
"Universe does not 'exist out there' independently of all acts 
of observation. It is in some strange sense a participatory Uni- 
verse. The present choice of the mode of observation . . . should 
influence what we say about the past... , the past is undefined 
and undefinable without the observation." 

We discuss here the same question raised by Wheeler using 
a different approach that is completely consistent with quantum 
mechanics, namely the quantum potential approach??. (This 
question has also been treated by Bell* who came to a similar 
conclusion emphasizing different aspects of the problem.) Our 
approach agrees with Wheeler in concluding that this is a par- 


ticipatory Universe but differs in that the whole process, past ' 


and present, is treated as uniquely determined in itself, and not 
merely by what we are led to say about it through our.observa- 
tions. That is to say, there is a definable and defined overall 
process that includes both the observer-participator and the rest 
of the Universe in one undivided whole. Thus, we concur that 
the behaviour of the Universe is not independent of acts of 
observation, but also add that the past has had an existence 
independent of these acts. 


Delayed-choice experiment 


To bring out the difference between Wheeler's approach and 
our own through the quantum potential model, we will first 
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' Fig. 1 ' Schematic view of the delayed-choice experiment for 
photons passing through a half-silvered mirror at A. Counters C, 
and C, can be moved into positions C,’ and C,’ 


re-examine one specific experiment described by Wheeler (the 
generalization to other more complex experiments is straight- 
forward). 

Two photodetectors are mounted so that they can be moved 
easily and quickly either to positions С, and C; or to the positions 
С,’ and С, (Fig. 1). Suppose a single quantum of electromag- 
netic energy passes through a half-silvered mirror at A Then, 
with the detectors in positions C, and C,, the relative counting 
rates will determine the phase difference between the two routes. 
With the counters in positions С, and C3’, one can infer which 
route the photon takes. Thus, we can choose whether to perform 
either a two- or a single-beam interference experiment by the 
choice in the positions of the two detectors. Furthermore we 
can make this choice some time after the original photon has 


.entered the apparatus but before it reaches F, thus giving rise 


to a delayed-choice effect. It is as if we could determine by our 
choice whether the photon has travelled along both routes or 
only one route. 

It should be emphasized that Bohr has already pointed out 
that, in his view, the notion of the route that the photon Or 
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Fig. 2 Quantum potential for the two-slit experiment. The two 
slits are at A and B while the interference fringes appear in the 
foreground. 


_ particle travels along has no meaning. Indeed, he? cites this very 

“experiment, and in commenting on it, states, “itis just arguments 

Of this kind which recall the impossibility of subdividing quan- 
tum phenomena and reveal the ambiguity in ascribing customary 
physical attributes to atomic objects”. He further states that “all 
unambiguous use of space-time concepts in the description of 
atomic phenomena is confined to the recording of observations 
which refer to marks on a photographic plate or to similar 
practically irreversible amplification effects like the building of 
a water drop around an ion in a cloud-chamber". 

The very idea of a ‘micro-reality’ (such as photons, electrons) 
that exists in some sense independently of the experimental 
context is thus denied. To be consistent with Bohr's point of 
view, the discussion should be solely in terms of what is observ- 
able and no attempt should be made to discuss paths of particles 
that would provide an explanation or account of how the experi- 

^. mental results obtained at successive times are connected. 

Heisenberg’ has a view similar to that of Bohr in many respects 

> but different in that he argues that it is meaningful to talk about 

гап orbit after an observation has taken place. In fact he writes 
*:;..the ‘orbit’ comes into being only when we observe it". For 
example, if an electron is observed at A and then later at B, 
one could say that the orbit went from A to B but the subsequent 
motion of the electron beyond B would be unpredictable. A 
further measurement at C might show that it actually was, but 
then the movement beyond C would be unpredictable. Thus, 
the concept of an orbit has a meaning only in the past of the 
act of observation. 

Note, however, that there is no way to verify that the inferred 
trajectories were the actual orbits by additional experiments. 
Thus, it would be quite possible that the particle did not follow 
a straight line between A and B or, indeed, that there was no 

. particle at all in the intermediary space and time. It would be 

equally consistent to assume that the particle appears only in 

= the act in which it is made manifest. Thus, this discussion of 

‘the paths of particles has only the function of giving an explana- 

tion of how the phenomena are connected and is not capable 
of being verified experimentally. 

Wheeler, of course, agrees basically with Bohr's point of view, 
but he has used Heisenberg's way of discussing this situation 
to show that the assumption that the past did exist independently 
of present observation leads to absurdities. This he regards as 





_ a support for his notion “that no phenomenon is a phenomenon different from the classical one. This difference is the result of | 








until it is an observed phenomenon". In doing this, Wheele 
does not use specific particle trajectories, but instead uses wave 
packets to connect the present to the past. When the particl 
does not show interference effects, this packet correspond. 
approximately to a somewhat indistinctly determined trajectory. 
but when the experimental arrangement allows interference, th 
connection between the present and the past is made by the tw 
packets acting together. ; 

The approach of Bohr and Wheeler is possible in the sens 
that it is consistent. We feel, however, that the quantum potentia 
approach, which we will outline below, treats the whole questio: 
in a more intelligible way. Here it is consistent to say that t 
past existed in.a unique way that does not depend on wh 
happens in the present. Nevertheless, some of the key point 
raised by Wheeler are retained but are comprehended differently 


Quantum potential approach 


A consistent treatment of the electromagnetic field using t 
quantum potential approach is possible, and the outline of such 
a treatment has indeed already been elucidated^". However, the 
details are rather complicated and would perhaps obscure the 
main point. Therefore, we confine our attention in this paper 
to the interference of particles such as electrons and neutrons. 
for which we can apply the quantum potential approach in a 
straightforward way”. Indeed, delayed-choice experiments 0 
the type suggested by Wheeler, but using neutrons, have actually 
been proposed by several authors?''?, i 

We begin by first writing the wavefunction in standard pola 
form 
























































































[rs t) = R(r, t) exp Е 


From Schródinger's equation it follows, writing Р = R?, that 


aP (2°) 
—V.b———120 
94 т 
апа 4 
as S ni 
та V+Q=0 (2) 
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where Q is the. quantum potential given by Q- 
-(À/2m)(V? R/ К) and the velocity is assumed to be given by 
V=VS/m. E 

To interpret these two equations, we regard, say, a neutron 
as consisting both of a particle, which has a definite position 
and a definite momentum (and therefore a definite trajectory), 
and a field which is inseparable from the particle. The field is 
just the wavefunction as expressed through the two real fields 
R and S. It satisfies the Schródinger equation which determines 
the time behaviour from the initial conditions. zd 

Before proceeding further, we stress again that the particle 
and the field are indissolubly linked and we make no assum 
tions as to why or how this arises. Here we are simply attributing 
to the field those properties that are necessary to account for 
the quantum phenomena. To explain the origins of this field 
will require us to go deeper and make new physical assumptions 
of the type used by Bohm and Vigier!! or by Cufaro Petroni 
and Vigier" or, indeed, some other appropriate ideas. It is no 
necessary to address such questions here as they are not relevant 
to the principles we wish to discuss. As a result, we use concepts 
such as *wave-packet' that are applicable in the one-body case, 
but cannot be generalized in such a simple way to the many-body 
system which would require a field in the multi-dimensional 
configuration space, Therefore, such concepts are simply a con- 
venient way of dealing with the phenomena and should not be 
taken as a definitive description of the nature of reality at this 
level. 

Returning now to the main discussion, it is evident that 
equation (2) is similar to the Hamilton-Jacobi equation but it 
differs in that it has the additional quantum potential term О, 
which leads to the suggestion that the particle follows an orbit 














































































he quantum potential and is one of the major factors accounting 
for the quantum properties of matter. 
= То account for the rest of the quantum properties of matter, 
we must first consider the single valuedness of the wavefunction 
that leads to a kind of modified Bohr-Sommerfield quantum rule 


$VS-dx=nh (3) 


{The difference from the Bohr-Sommerfield quantum rule is 
hat, in the former, S is obtained from the classical Hamilton- 
acobi equation, whereas here it is obtained from the quantum 
milton-Jacobi equation (2).) 
. Finally, we have to interpret equation (1), which is evidently 
a conservation equation. We can do this consistently by assuming 
‘statistical ensemble of similar systems all having the same 
wavefunction V. We further postulate that P is the probability 
istribution in this ensemble. This postulate is consistent in the 
ense that if it holds at the time t = 0 the conservation equation 
will guarantee that it will hold at all times. 
Wigner’ has objected to this approach by arguing that О 
depends on R and that R refers only to the ensemble of systems. 
He concludes that it is unreasonable to have a theory in which 
he individual depends on the ensemble. Our answer to this 
sriticism is that we do not primarily regard R as referring to 
he ensemble but rather as part of a field that belongs to the 
individual system as much as the particle does. The major effect 
of the field is to produce the force derivable from the quantum 
tential. But we have shown that the field can also describe 
he probability in an ensemble of systems that have the same 
field; that is, that have the same wavefunction except for a 
nstant factor. This requires, of course, a further special 
assumption on the statistical ensembles. But the consistency of 
is assumption depends on the properties of the individual 
stems that make up the ensemble and, therefore, the individual 
does not depend on the ensemble but the ensemble depends on 
e individual in the way that is customary, for example, in 
assical statistical mechanics. The only new feature is that both 
uantum potential and probability are obtained from the same 
field А, 
.. As an example, we give here the two-slit interference experi- 
ment'^. We assume as an initial condition an ensemble of parti- 
cles each having a plane wave that passes through a pair of slits. 
After passing through the slits, the two waves interfere and 
roduce a very complex quantum potential shown in Fig. 2. 
ome distance from the slits, the form of this potential is that 
a set of plateaus separated by a set of deep valleys. Figure 
3 shows the paths of the particles in the ensemble. Clearly the 
net effect of the potential is to bunch the trajectories so as to 
produce the pattern of the well-known interference fringes in 
е statistical ensemble. | 
To understand this result, it is crucial to note that the quantum 
ential is not changed when the wavefunction is multiplied 
‘an arbitrary constant, that is, that the quantum potential is 
etermined only by the form of the wavefunction and not by 
magnitude. This means that the effects of environmental 
tures such as the slits.can be felt by the particles at long 
istances. This is not in itself a form of non-locality because 
e effect is propagated locally via the wavefunction to which 
hródinger's equation applies. However, it represents the possi- 
bility that the behaviour of the particle cannot be separated 
om the whole context of the environment which is involved, 
for example, through a determination of the experimental condi- 
tions. We also add here that through such a dependence on the 
‘environment, the particle does not necessarily travel in a straight 
line at constant speed in what appears to be empty space. Rather, 
sas shown in Fig. 3, it may have a complicated and irregular 
‘motion. 
2 Let us now proceed to use this approach to account for 
"Wheeler's! experiment. A detailed treatment using the quantum 
‘potential would be more complex than that required for the 
two-slit experiment described above, but the basic principles 
nvolved are the same. Therefore, we can use the approach to 
count in a general way for the experiment shown in Fig. 1. 
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Fig. 3 Particle trajectories for particle passing through the two 
slits at the top and forming interference fringes at the bottom. 


Each individual member of the ensemble goes one way or the. 
other. That is, one of the wave-packets contains the particle and 
the other does not. As explained in our discussion of the 
measurement’, if there is a particle detector for each packet, 
then the one actually containing the particle will be the one that 
registers. If, however, we allow interference to occur before we 
detect the particles, there will be a region of complex fluctuating 
quantum potential where the wave-packets overlap. When the 
particles enter this region, the trajectories will no longer be 
straight lines but rather will bunch into interference fringes in 
a way similar to what happens in the two-slit experiment. If the 
particles are detected, then the ensemble will show the interfer- 
ence pattern". 

In no case is the behaviour of the system in the past modified. 
Each individual system will develop two wave-packets after 
passing through the half-reflecting mirror A (see Fig. 1). In each 
case the particle will go one way or the other, while the wave- 
packet is both transmitted and reflected. Indeed, which wave- ` 
packet the particle enters at A is determined by its (unknown) 
initial position in the incoming wave-packet (as сап be shown ` 
by considering the scattering of a wave-packet from a square 
potential barrier). No matter what is done later on in the 
experiment, for example, moving the pair of detectors from one 
position to another, this is not altered. 

Until the two wave-packets travelling the two routes to. Е 
overlap, each particle follows a trajectory determined by a 
quantum potential independent of the existence of the alterna- 
tive route. Detection at this stage by C,' and С, simply gives 
information concerning which route the particle took. When the 
wave-packets overlap, the resulting quantum potential is deter- 
mined by the physical conditions along both routes. In this 
region the trajectory of the particle is modified in such a way 
that the ensemble of trajectories produces an ‘interference pat- . 


tern’ even though the particle has only travelled along one path. <. 
However, what we do with the detectors can affect the quantum — 


potential that each particle experiences between the mirror and 
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the detector and in this way we obtain either a simple distribution 
of particles between alternative wave-packets or an interference 
pattern. 
. Conclusion 
c Here, we have shown that, using the quantum potential 
"approach, it is possible to give a simple and intelligible account 
of a typical delayed-choice experiment. It is not necessary to 
"suppose that the behaviour that we ascribe to a system in the 
past will depend in any way at all on what is done to it later. 
As we stated earlier, we feel this is more satisfactory than the 
: approaches either of Heisenberg; who says that the orbit comes 
into being only when we observe it, or of Wheeler, who implies 
-that the past has had no existence except in as far as it is recorded 
іп the present. 
OF course, to achieve this result we had to assume the particle 
trajectories that are not observable in detail, at least in any 
domain in which quantum mechanics is valid”, In this respect, 
our approach is similar to that of Heisenberg, who makes 
' statements about the past that are also unverifiable by observa- 
tion 10 give an account of how certain phenomena at different 
‘times тау be related. However, by bringing in the quantum 
‘potential, we are able to understand the characteristic results 
of the quantum theory; for example, interference'*, barrier 
penetration'?, the Einstein- Podolsky- Rosen situation”, the 
‘Schrödinger cat paradox and the measurement problem’. 
; , Inthis regard, our trajectories have essentially the same pur- 
| роѕе as the trajectories of Heisenberg (although we think that 
our trajectories achieve much more). We do, however, find it 
difficult to understand why many authors reject the quantum 
potential approach оп the grounds that it provides no new 
experimental consequences beyond those of the usual theory, 
while they are ready to engage in discussions of what may 
happen between measurements, discussions that equally have 
no further experimental consequences. Rather we agree with 
Wheeler who says “We search here not for new experiments ог 
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new predictions but for new insights”. In this connection, 
emphasize also that we are not proposing the quantum poten 
as a definitive explanation of the nature of reality. We 
appreciate that the quantum potential is an arbitrary assumptio: 
but think that the use of this assumption helps to understai 
the meaning of the quantum theory in an intuitivély clear wa 
Many questions that are unclear in the usual interpretation (f 
example, the Einstein- Podolsky- Rosen experiment, the expe 
ment discussed in this paper) became obvious in meaning whe 
put in terms of the quantum potential. 

Moreover, this interpretation gives results entirely compat 
with Bohr's views on wholeness and complementarity. We regal 
our approach as complementing Bohr's instead of opposinj 
To support this, we point out that our approach is gener: 
more consistent with the spirit of the interpretations of B. 
and Wheeler than it is with the one adopted by Heisenberg 
other words, if one does want to use some sort of trajector: 
explain the meaning of quantum mechanics, then the quantui 
potential is necessary if this is to be consistent and fully co 
ible with the experimental. meaning of Bohr's interpretatio: 

Finally, as stated in the introduction, we agree with Whe 
that this is a participatory Universe. However, we suggest. th 
this comes about because the observer-participator in, f. 
example, determining the environmental context needed 
observe a particle, creates a situation in which the fundament 
mode of behaviour of the particle is strongly affected by this 
context (for example, the slit system can bring about à ve 
irregular trajectory even when the particle is far away from it 
Thus, the Universe cannot be analysed into elements that: 
essentially independent when they are far apart. In this wa 
the participation of the observer in the rest of the Universe (i 
of the rest of the Universe in the observer) has a far. m 
profound significance than it has in classical physics. Throug 
the quantum potential a certain insight into this significan 
been made possible. | 
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< Unlike rigid oceanic plates, continents show diffuse deformation, for example the Tibetan plateau that has accommodated 
.. much of the convergence of India with Asia. We interpret the Tertiary deformation of Asia as the three-dimensional strai 
of a non-linear, viscous continental lithosphere. Lateral strength contrasts modify. this deformation; stress concentration 
` around the relatively strong Tarim basin gives rise to local crustal thickening in the Tien Shan to the north and to strike 


| slip in the Altyn Tagh along its southern margin. 





THE region accommodating the convergence between India and 
‘the Asian landmass is one of the clearest examples of non-plate- 
like behaviour of the continental lithosphere’. This deformation 
expl ined i in several different. ways. One interpretation 
















involves the thrusting. of India under the entire Tibetan- 
plateau** but, although there is some present-da 
underthrusting of Indian crust underneath Tibet, recent seismic 
reflection*^ and palaeomagnetic" 5 studies suggest that most: of 
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he post-Eocene convergence between India and Asia has been 
taken up by shortening in Asia. 
Continuum models for this intraplate deformation fall into 
o groups. The first emphasizes the role of strike-slip faulting 
the present-day tectonics of Asia and interprets the 
deformation in terms of the predictions of plane-strain slip-line 
culations”, or by analogy with unscaled plane-strain plasticine 
els". The second group represents the continental 
sphere by a thin non-linear viscous shell that can be 
analysed quantitatively as to its predictions about crustal 
thickness, strain and strain-rate fields and other parameters of 
finite deformation'"". This approach recognizes the three- 
dimensional nature of the Tertiary deformation in Asia and 
accounts for the relatively greater importance of lateral motions 
at the present day in terms of the buoyancy forces generated by 
| the elevation contrasts produced during the thickening of the 
Tibetan crust^'^?, What these calculations have not contained 
_ зо far is an analysis of the effect of a large-scale heterogeneity 
- that is represented, for example, by the relatively aseismic and 
apparently undeforming Tarim basin'’ (Figs 1,6). Here we 
. pursue the implications of the thin sheet approach to continental 

tectonics!'-?:55 by assessing the influence of heterogeneities 
in lithospheric strength on the tectonics of Asia. 























Mathematical model 

‘The thin-sheet model has-been described in detail elsewhere"; 
the lithosphere is represented by a thin layer of non-newtonian 
viscous fluid; for mathematical tractability we assume that 
horizontal gradients of crustal thickness and topography are 
small and use a depth-averaged constitutive relation of the form 


Ty =2n€y (1) 


Where 7, is the depth-averaged deviatoric stress component, £; 
. is the corresponding strain rate and 7 is the depth-averaged 
. effective viscosity 
; E n җы кг") (2) 
ха j 2 

_ where È is the second invariant of the strain-rate tensor and В 
is a depth-averaged strength coefficient. In the experiments 
_ described here, n> 1, so the effective viscosity is a function of 
.. position in the solution region. 
_ The horizontal velocity components are assumed to be indep- 
. dent of depth in the layer and the solution is constrained by 
= boundary conditions on the stress or velocity as shown in Fig. 
= 2. The force balance equations for creeping flow are solved by 
= finite element techniques. 





Fig. 1 Locations of principal features referred to in this 

study. The 2,000- and 4,000-m contours are shown, with 

land above 4,000 m stippled; the position of the Altyn 

Tagh fault is taken from the map of Tapponnier and 

Molnar”, to which reference should be made for positions 
for other major faults in the region. 





Fig.2 Initial geometry, coordinates and boundary conditions for 
the numerical experiments. The x-y plane is horizontal, the line 
x = 015 ап axis of symmetry and the region is divided into triangluar 
elements as shown in the left. Velocities are zero on the boundary, 
except on the part of it that initially concides with the x-axis, 
where the region — 2/2 « x < D/2 moves in the y-direction, rep- 
resenting the edge of an indenter. The motion of this boundary 
deforms the sheet (see Fig. 3). The velocity function that describes 
the indenter is: v(x) =0 for D/2« |x| « D, v(x) = up for 0<|x|< 
D/4 and v(x) = ио cos'(2m(x/ D 1/4)) for D/4« |x| « D/2. For 
convenience in the text, the positive y-direction is referred to as 
north, the positive x-direction as east, etc. 


The rate of thickening or thinning of the crust is determined 
locally by the horizontal divergence of the calculated velocity 
field 
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Cem V.u (3) 
where S is the thickness of the crust and u is the velocity. Under 
the influence of gravity the thickened crust tends to spread 
horizontally, introducing a force proportional to the gradient 
of the square of crustal thickness into the dimensionless stress 
balance. The constant of proportionality is called the Argand 
number (Ar) by England and McKenzie! and is a measure of 
the magnitude of this gravitational spreading force relative to 
the viscous resisting forces. 

The constant B(equation (2)) contains the depth averaged 
temperature dependence of the effective viscosity (see appendix 
of ref. 11) and hence is dependent on the geotherm, the depth 
to the Moho and lithological variations. Previous calcula- 
(їопѕ!!-!2 have assumed for simplicity that B is a constant. 
However, it has been suggested'*'^"" that regions such as the 
Tarim basin are stronger and more resistant to deformation than 
the surrounding continental lithosphere. In the experiments 
described here, we investigate the consequences of inch 
small region of anomalously high stre igth in ап othe 
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At collision (0: Myr) 





40 Myr after collision 


Fig. 3 a, b, Initial and c, d, final (t = 40 Myr) mesh configurations 

for the left and right halves, respectively, of the two symmetrical 

solutions for: a and с, the case where the effective viscosity 

coefficient (B, equation (2)) is increased by a factor of 10 in the 

shaded elements and b and d, the laterally homogeneous case, 

with the corresponding elements shaded for comparison with a 
| and c. For both experiments n =3 and Ar=3. 








laterally homogeneous layer; the constant B is increased by a 
factor of 10 in the shaded region of Fig. 3a. As a rough estimate 
. of the effect of this modification, it follows from equations (1) 
and (2) that if the stress field is constant and the strain-rate field 

is uniaxial, then 


Eo B^" (4) 


».. Боги = 3 the strain rates in the anomalously strong region would 
be only 10? of those in the surrounding regions. In fact, because 
of changes to the stress field (Fig. 4) and the triaxial nature of 
the strain-rate field; the contrast is in the range 0.5-1.0 x 107. 
Because of computation limitations, calculations were per- 
. formed with an axis of symmetry along the perpendicular bi- 
. `- Sector of the indenter (Fig. 2). For the calculation shown in the 
г left halves of Figs 3-6 there are two anomalously strong regions 
disposed symmetrically about the axis and having approximately 
е same positions relative to the indenter as do the Tarim and 
|... Qaidam basins to the arc of the Himalayan mountains (Fig. 1). 
_ We contrast these results with the calculation shown in the right 
_ halves of Figs 3-6 for the symmetrical laterally homogeneous 
Саве. By presenting in this format half of each solution, we mean 
во highlight the differences in tectonic style between western 
to. Tibet and Xinjiang province on the one hand and eastern Tibet 
апа Gansu province on the other. 


-Results 


cC We first describe the results of a calulation with n = Запа Ar = 3, 
- as these parameters give reasonable agreement with observation, 
but also note that effective values of n < 10 and Ar < 10 can give 
_. reasonable results (Fig. 6). Figure 3 shows the initial and final 
_ configuration (t =0 and 40 Myr) of the finite element mesh for 
the two calculations. The vertices of each triangle are fixed to 

_ and carried along by the deforming medium. The strong region 
= is barely deformed in Fig. 3c and has been translated and rotated 
















. homogeneous case (Fig. 3b, d). 

|. The deviatoric stress fields in Fig. 4 show that the stresses 
| in the strong region are amplified by the more rapid creep 
rate he weaker material next to it (compare with ref. 18). 
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Fig. 4 Principal deviatoric stress axis orientation and magnitude 
for a, b, t=0 and c, d, t=40 Myr. The length of each arrow i: 
proportional to the magnitude of the stress and the longest arrow 
represents a stress of а, 63.9 MPa, b, 43.5 MPa, c, 95.1 MPa and 
d, 44.2 MPa. Superimposed are contours of the. paramei 
tan"! (é,/é,), where é; and ғ, are principal horizontal strain rat 





These contours divide the box into regions that show a consisten 
style of faulting (see text for П and III; I is a region of pure thru 
faulting and IV is à region of normal plus strike-slip faulting) 





At t=0 the maximum stress in Fig. 4a is 47% greater than. 
of the corresponding laterally homogeneous case (Fig. 4b) and 
is found in the strong region rather than on the corner of 
indenter. After 40 Myr (Fig. 4c), the maximum stress in the bas 
has increased by a further 49%. There is also a slight rotatior 
of the principal stress axes near the viscosity heterogeneity. 
Superimposed on the stresses of Fig. 4 are contours separating 
regions with a different style of surface faulting, assuming th. 
the upper brittle crust deforms with the same strain rates as the 
underlying ductile layer. In region II, both strike-slip and thrust 
faulting must occur, although there is a greater rate of mome 
release from the thrust faulting component. In region III, the 
same two fault styles would be observed, but the rate of тоте 
release from the strike-slip component is greater in this regio 
For both calculations (with the strong region, Fig. 4a, с, а 
the homogeneous case, Fig. 4b, d) region ПІ increases in later: 
extent as the indenter moves further north, because as the crust 
is thickened the gravitational forces tend to resist further crustal 
thickening (thrust faulting) and an increasing percentage of the 
deformation is accommodated by strike-slip faulting!. Whe 
the strong region is present, strike-slip deformation is pr 
dominant on its east and west margins throughout the deform: 
tion (Fig. 4a, c). At the centroid of the element next to 
southern corner of the strength heterogeneity, the rate of mom: 
release for thrust faulting is 3.7 times that for strike-slip faultin. 
at t=0, but at t=40 Myr the strike-slip component is great 
than that of the thrusting by 46%. For the same material point 
in the homogeneous calculation, thrust faulting is domina 
throughout, although the ratio of thrust moment to strike- 
moment falls from 3.6 to 1.2 during the 40 Myr. The region next 
to the south-east margin of the basin, which at 40 Myr shows 
the maximum strain rates and strongest crustal thickness 
gradients (Fig. 6a), is thus found to be undergoing pre 
dominantly strike-slip deformation (Fig. 4c) during the last 

















10 Myr of the calculation. This region is in the same position 


relative to the basin as is the Altyn Tagh fault system relative 
to the Tarim basin (Fig. 1). . | 
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Finite strain 40 Myr after collision 


(5 а,Ь, Finite rotations (half of the time-integrated vorticity) 
#40 Муг; с, d, finite deformation ellipses at t= 40 Myr; for 
a c the case. with the strong region and b,d,the laterally 
homogeneous case. For a and b the angle between the small bar and 
је y-axis is the magnitude of the rotation; only rotations >5° are 
own. For c and d the ellipses show the finite strain, after 40 Myr, 
ly circular horizontal material elements. The shaded ellip- 
c lie in the basin and the corresponding ellipses are shaded 
in d. 





Figure 5 shows the finite rotation and deformation in the two 
Only rotations >5° are shown so the strong region in Fig. 
efined clearly by the small magnitude ( ~ 5°) and opposite 
of its rigid-body rotation, compared with the anticlockwise 
tion of 30-40? of the material to its north-west and south-east. 
stations on the northwestern margin of the basin are 
ificantly greater than they would be in the absence of the 
ysity heterogeneity (Fig. 5b) and significant clockwise rota- 
ns (~20°) are also found on its north-east and south-west 
argins; otherwise the distribution and magnitude of rotation 
much the same as in the homogeneous case. 

‘igure 5c, d is an alternative presentation of the data shown 
Fig. 3c, d. Each ellipse shows the finite deformation undergone 
a particular triangular element. The strain ellipses from the 
ng region (shaded) show ratios of major to minor semiaxes 
.010 and 1.007 respectively, compared with the ratios for 
e corresponding ellipses in the homogeneous case of 2.39 and 



























igure 6a, b illustrates the elevations calculated for this model 
0 Myr after collision, compared with those observed in Asia 
present day. Because of the assumption of Airy isostasy 
se calculations, contrasts in elevation are proportional to 
contrasts in crustal thickness. The contours of Fig. ба, b show 
ost obvious effect of the viscosity anomaly; crustal thicken- 
ds inhibited within the strong region, whereas it is enhanced 
hto the north and south of the anomaly. Assuming isostatic 
balance, the topography would show a basin in the area corre- 
sponding to the anomalously strong region; after 40 Myr 
(Fig. 6a) the deepest part of the basin still has a 35-km-thick 
crust. To the south of the basin there is a steep topographical 
adient where the crustal thickness increases by >20 km as the 
denter is approached and near the corner of the indenter the 
ustal thickness is more than doubled to 75 km. Immediately 
north of the indenter on the axis the crustal thickness is ~64 km, 
some 6 km thicker than for the laterally homogeneous calcula- 
on (Fig. 6b). To the north of the basin there is another local 
mum- of 55-60-km-thick crust. This local maximum bears 

ne geographical relation to the basin as does the Tien 
han mountain range to the Tarim basin (Fig. 1). In comparison, 
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Fig. 6 Contours of elevation 40 Myr after collision for а, d, 
heterogeneous and. b, e, homogeneous thin sheets, compared with 

с, contours of elevation in Asia. We assume an initial crustal 
thickness of 35 km, and changes in elevation (e.— ej) are related 

to changes in crustal thickness (S — So) by (e— eg) = (S — Sp) (1— 

p. Pm). For р, = 2,800 кат? and р. = 3,330 квт”? (ref. 22) 
difference in elevation of 1 Кт is equivalent to a difference in 
crustal thickness of 6.3 km in the model. In a and b, n=3 and 

Ar —3; the shaded region in a has a contrast in B of a factor of 

10 relative to its surroundings. In d and e, n = 10 and Ar= 10 and 

the shaded region in d has B greater by a factor of 2 than its 
surroundings. Contours of topography in c are taken from Lee's? | 

1° x 1° averages; smoothed with a gaussian filter of width 2°; con- 
touring intervals are 1 km. Dots indicate earthquakes in the interval. ^—- 
1964-1980, shallower than 100 km and reported to the International”. ^. 
Seismological Centre by more than 25 stations. Note the relative. 

quiescence in the seismicity of the Tarim basin. 


the laterally homogeneous case (Fig. 6b) shows а monotonic 
decrease in crustal thickness northwards of the indenter. 

A second important result of these calculations is illustrated 
in Fig. 6d, e, which shows the results of a calculation similar to 
that illustrated in Fig. 6a, b except that n= 10, Аг= 10 and the 
contrast in B for the strong region in the heterogeneous calcula- 
tion is 2 (giving approximately the-same contrast for uniaxial 
strain rates (equation (4)) as does a contrast of 10 when п =3). 
With the minor difference that the peak crustal thickness пеаг 
the corner of the indenter is decreased, the distribution of the __ 
topography in Fig. 6c resembles closely that of the topography 
in Fig. 6a. The resemblance emphasizes that the role 
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. heterogeneous inclusions in determining the scale lengths of 
continental deformation may be as important as that of the 
deformation mechanisms. 

It would be difficult to distinguish, on the basis of the calcula- 


tions shown in Fig. 6, between a model with a power-law 


exponent of 3, appropriate to a lithosphere governed by the 
",deformation of olivine, and one with an effective power law 


D. “exponent of 10, perhaps reflecting a significant contribution to 


the vertically averaged rheology from friction on faults. 


Discussion and conclusions 


The magnitude of the strength contrast required to produce the 
features described here is surprisingly small; for n =3 a factor 
of 10 is more than adequate, and for larger values of n a smaller 
strength contrast would be sufficient. Assuming that the strongest 
part of the lithosphere is the uppermost mantle, we may use the 


| `: power-law rheology given for olivine by Goetze'?, and the 


-expression of England? for the vertically averaged strength of 
‘a lithosphere governed by such a rheology, to estimate the drop 
in temperature at the Moho that is implied by increasing B 
(equation(2)) by a factor of 10, For n=3 and Moho tem- 





|. peratures in the range 600-800°C, the implied temperature 


. decrease is ~ 100 °С, which i is consistent with the suggestion of 
Molnar and Tapponnier'* that strength contrasts in the Asian 
lithosphere may be related to differences in geothermal regime 
in the region. However, we must caution against too literal 
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interpretation of these calculations in terms of a specific rheo- 
logical model, in view of the many uncertainties involved 
applying the results of laboratory measurements to the deform: 
tion of the continental lithosphere. 

We have shown that the strain-rate fields and distribution. 
deformation in a thin viscous layer acted on by a rigid indent 
are modified strongly by the presence of a strength heterogeneity 
in the layer. The most important features predicted by. the 
calculations here are the preservation of a relatively low-lying 
region that is surrounded by thicker crust and highertopograph 
relatively small strain rates and total strain within this basin an 
a narrow zone of steep crustal thickness gradients and pr 
dominantly strike-slip deformation separating the basin fro 
the plateau of much thicker crust to its south. It seems probable 
that if the symmetry requirement were dropped and the calcul 
tion were performed with a single heterogeneity corresponding 
to the Tarim basin; there would be a net eastward mass flux 
across the line that bisects the indenter and enhanced strike-slip 
motion at the southern edge of the high strength inclusion. Th 
above features are all consistent with the interpretation of th 
Tarim basin as a relatively strong lithospheric block emplace 
in an otherwise laterally homogeneous thin viscous layer; i 
this context the model explains the formation of the Tien Shan 
range and the Altyn Tagh strike-slip fault system. It seems likely 
that lithospheric strength heterogeneities (for example, the stable 
region of central Iran*') have similar roles in other collision 
orogenies. 
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Abrogation of metastatic properties of tumour 
cells by de novo expression of H—2K 


antigens following H—2 gene transfection 
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H-2 gene transfection was used to restore expression of H-2K antigens in metastatic and non-metastatic subclones of a 
murine fibrosarcoma that lack their major histocompatibility complex-encoded H-2K antigens. De novo expression of 
H-2K reduced tumorigenicity and abolished the formation of metastasis in syngeneic mice. Expression of H-2K may lead 
to effective recognition of the disseminating tumour cells by the host immune system. 





THE major histocompatibility complex (MHC) of the mouse 
(H-2) encodes a group of cell-surface antigens that are involved 


5i in various pathways of the immune response. Thus, cytotoxic 


<T. lymphocytes (CTL) can recognize cells infected with virus or 
- altered by neoplastic transformation only in association with an 
-H-2 antigen (reviewed in ref. 1). It depends on the antigen as 
to which of the three known H-2 class I antigens, K, DorL, 
Serves as à restriction element for СТЫ. Hence, it is conceivable 
that the control of tumour growth by the immune system would 
depend not only on the existence of tumour-associated cell- 
surface. antigens, but also on the expression of MHC-encoded 
antigens on the tumour cells. Therefore, modulation of H-2 





antigens of tumour cells may alter their growth properties: 
because of alterations in the immune response of the host to: 
the neoplastic cells. 

Recent studies have. demonstrated that the metastatic proper- 
ties of certain mouse tumours are correlated with the relative 
expression of class 1 МНС antigens^?. A notable example is 
the methylcholanthrene-induced T10 sarcoma of (H-2^ x H-2*) . 
F, origin. Two distinct sets of T10 clones were isolated, differing 
not only in their métastatic potential but also in their expression 
of class I MHC antigens*°. According to their genotype, the — 
tumour cells should express four different H-2 molecules, 
namely K*, D*, K* and D*. However, both sets of clones were 


302 








Fig. 1 Two-dimensional isoelectric focusing 
(IEF) gel of H-2K region associated antigens. 
1-3 10° tumour cells (1С9, K*-transfected 
ІС9 and C57BL/6-derived EL4 lymphoma) 
were pulse labelled for 6 min at 37°C in the 
presence of 200 pCi ?S-methionine and lysed 
in ice-cold Tris buffer containing 1% Triton 
X-100. Cell lysates were preabsorbed with 
Protein A-Sepharose 4B for 2 h. H-2 proteins 
were immunoprecipitated using a mixture 
< of monoclonal anti-H-2K° antibodies K10- 
::56, K9-136, K7-309, K9-178 (ref. 13) (20x 
concentrated culture supernatant) followed 
by. Protein A-Sepharose for 5h- Two- 
: dimensional IEF gels were performed accord- 
ing to O'Farrell“. Second-dimension gels 
were 10% acrylamide. Gels were processed 
with 2,5-diphenyloxazole dried, and exposed 
for 2 weeks using Kodak XAR-5 film. 82- 
Microglobulin, relative molecular mass 
12,000, runs through the second-dimension 
el and is therefore not visible on 

















































ound to lack the K end-controlled K^ and K* antigens. The 
non-metastatic clones express only the D" molecule whereas the 
etastatic clones express both the D^ and ОК molecules (refs 
7; see also Table 1). Further studies suggested that the D* 
olecule contributes to the metastatic potential of these clones’. 
‘Here, we seek to determine whether expression of H-2 
olecules encoded by the K end of the H-2 complex would 
nfluence metastatic spread and tumorigenicity of the T10 
rosarcoma clones. To elucidate this problem we transfected 
lones of the T10 sarcoma with cloned H-2K genes and tested 
he malignant properties of the transfected tumour cells in 
igeneic mice. 
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autoradiograms. Circles indicate positions of H-2K?* proteins. ELA yields the same K” spots as spleen cells from the C57BL/6 mice used for 
breeding of the C3H x C57BL/6 mice used in this study (not shown). t 


Restoration of H-2 expression 


For transfection with H-2 genes a representative non-metastatic | 
tumour clone (designated IC9) and a metastatic clone (1E7) 
were selected from the two sets of T10 fibrosarcoma clones. 
Cells were co-transfected with H-2K” (ref. 10) or H-2K* plas- 
mid DNA''and plasmid pAG60 containing the neomycin resis- 
tant gene (neo) (ref. 12) and subsequently selected in medium 
containing Geneticin, which selects for cells that have produc- 
tively integrated the neo' gene. We identified colonies expressing 
transfected H-2 genes using specific monoclonal H-2 antibodies 


at a frequency of —10-3096. After cloning of positive colonies, . : 


Table 1 H-2 phenotype of transfected IE7 and IC9 tumour clones 


Transfected H-2 antibody (c.p.m. obtained) . 
Cell line genes Anti-D^ Anti-K Anti-D* Anti-K* H-2 phenotype 
— 27,849 580 6,438 697 D*, р“ 
IE7.neo'"-1 neo* 27,069 270 6,072 294 D^, р“ 
TET .neo'-2 neo" 20,051 768 7,188 524 p>, р“ 
JE7.K*-1 neo’, K* 16,461 949 4,964 5,785 р», р“, K* 
AE7.K-2 neo’, К“ 21,176 683 5,382 7,413 D^, р“, K* 
IET.K*Kh-1 neo’, K^, К“ 16,160 13,664 5,539 6,992 D^, р“, K®, К“ 
SFET.K*-1 neo’, К? 10,447 9,350 3,433 851 D^, р“, К” 
IE7.K5-2 neo’, K® 27,780 14,877 6,505 419 D*, р“, K^ 
IE7.K*.5 neo’, К? 17,350 12,631 A817 913 D^, D*, K? 
transfected lines 
169 — 28,259 453 397 507 р” 
1C9.neo™1 neo" 16,758 252 187 254 p* 
71C9.K^-1 neo’, К? 10,629 15,944 848 653 D^ K* 
2“ 4C9.K"-2 neo’, К? 18,118 14,496 414 478 рэ K? 
1С9. Къз neo’, K* 21,806 28,420 719 718 D*, K^ 
1C9.K*-1 neo’, K* 17,023 514 745 4.282 р, K* 
IC9.K*-2 neo', K* 19,316 471 516 10.305 D^ K* 



















Transfection was performed according to Wigler et 
. fragment of the H-2K è and H-2K* genes, respectively, 
“originally came from Dr M. Steinmetz. 


glycol 4000 for 2 min. After overnight incubation with medium, 
multiwell plates in selection medium containing 0.7 mg mi”! Geniticin 


Briefly, 10° cells were 


The plasmid pAG60 (ref. 12) containing neo” was о 
“were seeded at a density of ~10° cells per 10-cm Petri dish. Various mixtures of H-2 DNA (4 рв), neo” (0.4 pg) and salmon-sperm DNA (20 рв). 
` precipitated with calcium phosphate, were added. After 5 h at 37 °С the medium was replaced by 5 ml 15% glycerol or a 41% solution of polyethylene 
the cells were collected with EDTA buffer and distributed into two COSTAR 3524 
(G418, Gibco). Growing colonies (1-10 per 10° input cells) were expanded, 
"tested for H-2 expression by cytofluorography or radioimmunoassay and cloned by limiting dilution. (Without 
"almost no transfectants were obtained.) The table shows a representative cellular radioimmunoassay which was performed as 
incubated in microtitre plates with specific anti-H-2 monoclonal antibody (anti-D^, hybridoma B22 
K10-56, ref. 13; anti-D*, 15-5-55 and anti-K*, 16-3-22, ref. 13). After washing, 1251 labelled Protein A was added and the amount of bound 
-radioactivity determined. Values represent the mean of triplicate wells. The sta 
with irrelevant antibodies was always «1,000 c.p.m. (not shown). The c.p.m. 
he affinity and amount of specific antibody in the hybridoma supernatant are probably different. 


imei i i i HÓ—————————————————— 
al? with some modifications. pBR322 plasmids containing the 10.5-kilobase (kb) EcoRI 
were generously provided by Drs В. Flavell'? and B. Arnold!!. The H-2K * gene (cos10.7) 


btained from Dr B. Dobberstein. 1C9 and TE7 cells 


glycerol or polyethylene glycol 
described previously". 
-249, ref. 28; anti-K°, 


ndard deviation ranged between 5 and 10% (not shown). Background `i- 
obtained with different H-2 antibodies cannot be compared because 
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Fig. 2 .Growth of parental and H-2K-transfected IE7 and IC9 
cells. 10* neo* and H-2K-transfected IE7 (a, b) or IC9 (c, d) were 
injected i.f.p. into intact (C3H.eB x C57BL/6)F, mice (a, с) and 
into sublethally irradiated (550 rad) F, mice (b, d). Tumour size 
was recorded using a caliper. The growth curves represent the 
mean tumour size of all mice inoculated in each experimental 
group +s.e.m., including the diameter of legs of mice which rejected 
the inoculated cells. Mean diameter of legs of control non-inocu- 
lated mice is 2mm. The numbers designated above each growth 
curve represent the proportion of mice that developed a tumour 
of the entire experimental group. a, b, O, IE7; Ш IE7.neo"-1; A, 
IE7.K*-1; A, IE7.K?.3. c, d, О, IC9; 6, IC9.K^-1; A IC9.K*; © 
IC9.K*.3. 


the H-2 phenotype was determined in four different assays: (1) 
cytofluorography; (2) cellular radioimmunoassay; (3) lysis by 
alloreactive H-2-specific CTL; and (4) immunoprecipitation 
with monoclonal H-2 antibodies. All tests yielded identical 
results, but for the sake of brevity only a typical cellular radio- 
immunoassay using monoclonal H-2 antibodies and '*I- 
labelled Protein A and a representative selection of transfected 
cell lines is presented. 

Parental IC9 cells or IC9 transfected with neo” alone express 
only the D? molecule, whereas IC9 cells transfected with H-2 
genes also synthesize the К°- or K* antigens (Table 1). Corre- 
spondingly, parental IE7 cells or IE7 transfected with neo' alone 
carry only D? and D*. whereas H-2-transfected IE7 also express 
К° or K* antigens. К®- or K*-positive cells were obtained only 
after transfection with the appropriate H-2K genes and never 
after subcloning of parental tumour cells or after transfection 
with neo” alone (7500 colonies tested). 

Because the intention of the work was to study the influence 
of H-2 expression on interaction of the tumour cells with a 
syngeneic host, it was important to establish that the transfected 
K” and К“ molecules are not modified in some way, for example 
by intragenic recombination of the transfected H-2 gene with 
the host genome. Neither serological analysis with >20 mono- 
clonal antibodies against distinct epitopes? on ће H-2 
molecules (data not shown) nor two-dimensional gel elec- 
trophoresis revealed any abnormalities (Fig. 1). The K? spots 
immunoprecipitated from K°-transfected IC9 cells (marked 
with a circle) are identical to those obtained from а K°-positive 
cell line of C57BL/6 origin, EL4. In addition, Northern blot 
analysis of H-2K end-specific messenger RNA, which is found 
in IC9 and IE7 cells only after transfection with H-2K genes, 
did not show any unusual H-2-specific mRNA. (E. Meyer and 
G.J.H., unpublished). It is not yet clear why the parental IC9 


and IE7 cells fail to express their H-2K antigens. That Һе 


respective H-2K genes are present in these tumours is shown 
by genomic Southern blot analysis with an H-2K-specific probe 
(E. Meyer and G.J.H., unpublished). 

Two points can be made from these findings. First, transfec- 
tion with cloned H-2 genes can be used to restore H-2 
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Fig. 3 In vivo immunogenic properties of IE7, parental and 
H-2K-transfected cells. (C3H.eB x C37BL/6J)F, female mice, 
aged 2 months, were inoculated with: a, t x 10° IE7 parental tumour 
cells; b, with YE7 cells transfected with neo” gene only; c, with 
H-2K "transfected IE7 cells; d, with H-2K*-transfected IE7 cells. 
One week later, the tumour-inoculated leg was amputated as 
described in Table 2 legend (immunized mice). Mice were then 
re-inoculated i.f.p. with 10* tumour cells of the immunizing origin. 
(Control mice were amputated as well.) Tumour growth in the 
immunized and control mice were measured using a caliper. 
Growth curves represent the mean tumour diameter of all mice 
inoculated +s.e.m., including the diameter of legs of mice that did 
not develop tumours. Mean diameter of legs of control mice is 
2 mm. The numbers designated above each growth curve represent 
the proportion of mice that developed a tumour. 


expression in cells that have lost expression of their H-2 anti- 
gens. Second, there is no evidence for an alteration of the H-2 
molecules encoded by the transfected genes. 


Metastatic properties 


Tumorigenicity and metastatic potential of the H-2K-trans- 
fected tumour cells was investigated by inoculation of 10*-10$ 
tumour cells into the hind foot pad of syngeneic (C3H X 
C57BL/6)F, mice. Expression of either К? or К^ antigens on 
the surface of IE7 cells resulted in loss of their metastatic 
potential (Table 2). IE7 cells transfected with the neo" gene 
alone retained the metastatic properties (for example, cell line 
IE7.neo'-1). Consistent results were obtained with nine addi- 
tional IE7 clones transfected with neo' alone and with five 
additional IE7 lines derived from transfection with К? or К^ 
genes (data not shown). In contrast to lack of metastasis in 
normal mice, the H-2K-transfected IE7 lines were found to 
metastasize in irradiated (C3H x C57BL/6)F, mice (Table 2). 
For irradiation, 550 rad were used, a dose that strongly reduces 
host immune reactivity. The findings suggest that the immune 
system of the bost controls the ability of transfected cells to 
metastasize. Transfection of the non-metastatic IC9 cells with 
H-2K genes did not change their inability to metastasize in 
normal mice (Table 2). However, like transfected IE7, these 
cells were able to metastasize in irradiated mice. 
Simultaneously, we tested whether the tumorigenic properties. 


* of the H-2K-transfected cells were also affected. We inoculated 


(into the foot pad) 10* transfected IE7 cells into syngeneic 
(C3H XC57BL/6) Е, mice and recorded tumour growth (Fig. 
2). K®-positive IE7 cells (IE7.K°-3) were found to grow sig- 
nificantly slower than the control IE7 cells (Fig. 2a). In fact, 
only three out of six mice developed a tumour. The transfected 
IE7 cells growing in vivo were still K*-positive when analysed 
for H-2 expression (not shown) and, therefore, the tumour 
growth cannot be attributed to loss of К°, In contrast, IE7 cells 
transfected with К“, (IE7.K*-1) or with neo" alone (IE7.neo") 
grew like parental IE7 in all mice inoculated (Fig. 2a). Similar 
growth patterns were obtained with four other K^, two K^ and 
nine neo’-transfected IE7 cell lines and when diflerent doses of 
transfected IE7 cells were injected (10°, 10° cells per mouse; 
data not shown). Thus, expression of K? antigens on IE7 cells 
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decreased their tumorigenic properties. In irradiated mice, K°- 
transfected IE7 grew like parental cells (Fig. 2b), suggesting 
that the immune system of the host also controls growth of the 
local tumour. The fact that IE7 cells transfected with K* or K* 
genes are both non-metastatic but manifest different growth 
rates suggests that expression of H-2K antigens on the tumour 
cells blocks metastasis irrespective of the growth kinetics of the 
tumour. NE. 

The tumorigenic properties of the non-metastatic IC9 clone 
were also affected by transfection with H-2K genes. K"-positive 
IC9 cells were found to grow more slowly in syngeneic Е, mice 
than in parental IC9 or IC9 transfected with neo” alone (Fig. 
2c). In fact, cells of the transfected IC9.K*-3 line were rejected 
in five out of six mice (Fig. 2c). For other K^-transfected IC9 
lines, the percentage of rejection was in general lower and varied 
between 5 and 20%. The higher rate of rejection of IC9.K°-3 
compared with other K*-transfected IC9 lines seems to correlate 
with the amount of К° expressed on these cells (see Table 1). 
The K^-transfected IC9 growing in mice still expressed H-2K^ 
(not shown). Similar growth curves were recorded when 10? and 
10° cells of IC9 transfected cells were inoculated, but the percen- 
tage of mice without a tumour was lower than with 10* injected 


cells (data not shown). All transfected IC9 lines were able to | 


NATURE VOL 315 23 MAY 1985 





! 
grow like parental IC9 in irradiated mice (Fig. 2d). The results 
presented so far indicate that transfection of IC9 and IE7 cloned 
cells with H-2K genes leads to the abolition of metastatic 
competence and a decrease in tumorigenicity. Our experiments 
with irradiated mice suggest that the immune system is involved 
in reduction of metastasis and tumorigenicity. 


Immunogenic properties 


„Ме next tested whether the reduction in metastasis in H-2K- 


transfected IE7 cells is associated with increased immunogenic- 
ity. F, mice were immunized with transfected tumour cells and 
then challenged with homologous tumour cells (Figs 3, 4). IE7 
parental cells (Fig. 3a) and IE7 cells transfected with neo" gene 
only (Fig. 35) showed the same growth rate in immunized and 
control mice and, therefore, do not seem to be immunogenic. 
In contrast, immunization with JE7.K*-1 (Fig. 3c) or with 
IE7.K?-1 cells (Fig. 3d) led to retarded growth of the corre- 
sponding tumour cells. In agreement with previous observa- 
tions!°, the’ non-metastatic parental IC9 cells proved to be 
slightly immunogenic (Fig. 4a). However, expression of К° on 


-transfected IC9 cells led to a drastic increase in immunogenicity, 


resulting in complete rejection in respectively immunized mice 
(Fig. 4b-d). 


Table 2 Metastatic potential of H-2K-transfected IE7 and IC9 cells in normal and irradiated syngeneic (C3H x C57BL/6)F, mice 


H-2 phenotype" 
k D 


Tumour D* K K? 
IE7 transfected lines 
IE7 + - + - 
IE7.neo" + - + - 
IE7.K*-1 І ‘ + + + - 
IE7.K*K*-1 * + + + 
IE7.K°-1 + e Af. uet 4 
IE7.K*-2 + - 4 + 
IE7.K°-3 1 + - + + 
IC9 transfected lines 
IC9 О deo Ов 
1С9.К°-1 = - * + 
IC9.K*-2 - - + + 
IC9.K-1 - * - * 





Mice Weight of Jungs 
inoculated (mg) - No. of nodules in lungs 
Normal 397+70 12, 200, 200, 200, 200 
Irradiated 460+ 20 200, 200, 200, 200, 200 
Normal 420+ 15 200, 200, 200, 200, 200 
Irradiated 395 +40 200, 2000, 200, 200 
Normal 186+8 0, 0, 0, 0, 2, 6, 8 
Irradiated 381515 200, 200, 200, 200, 200 
Normal 170+3 0, 0, 2, 2, 4 
Irradiated 401+ 20 200, 200, 200, 200, 200 
Normal 168+8 0,.0, 0, 0, 0 
Irradiated 326+ 45 200, 200, 200, 200, 200 
Normal 182+ 10 0, 0, 0, 0, 0, 0 
Irradiated 345 + 50 200, 200, 200, 200, 200 
Normal 180+5 0, 0, 0, 0, 0, 3 
Normal 172+ 16 0, 0, 1, 3, 9, 200 
Irradiated 2554-52 3, 200, 200, 200 
Normal 16246 0,0,0,0,0,5 
Irradiated 270+8 200, 200, 200, 200 
Normal 15444 0, 0, 0, 0, 0 
Irradiated 283 +5 200, 200, 200, 200, 200 
Normal 17111 0, 0, 0, 0, 0 


A single-cell suspension of 10° neo'- and H-2K-transfected IE7 and IC9 cells were inoculated intra footpad (1.f.p.) into intact and sublethally 
irradiated (550 rad Co) (C3H x C57BL/6)F, mice. When the tumour diameter reached a size of 8-10 mm, the tumour-bearing leg was amputated 
using a 3/0 silk tie, which was ligated beyond the iliofemoral joint of the hind leg to prevent bleeding. In each experimental group, mice were 
killed 21 days post-amputation, and their lungs removed and assessed for metastatic load by weight and by number of nodules counted after fixation 
ın Bouin's solution. Without excision of the primary tumour the number of metastatic nodules is much lower?. Corresponding results were obtained 
with both protocols, but only data generated with the excision protocol are presented. Other independent experiments yielded identical results (not 
shown). 

* H-2 phenotype according to results presented in Table 1. 


Table 3 Generation of CTL specific for transfected tumours in (C3H X C57BL/6)F, mice 








А Target cells (% specific lysis) 
Immunization I 


C9 IE7 (IC9.K*-3) (IE7.K*-1) (IC9.K*-1) , (IE7.K*-1) ELA 1929 
1С9 0 0 0 0 0 0 0 0 
1Е7 0 0 0 0 0 0 0 0 
(IC9.K*-3) 0 0 45 28 0 “0 0 0 
(IE7.K*-1) 0 0 40 | 35 0 0 0 0 
(IE7.K*-1) 0 0 0 ND ND 9 0 5 


(C3H X C57BL/6)F, mice were immunized three times at weekly intervals with 10° tumour cells irradiated with 3,000 rad. After 7-10 days, spleen 
cells were restimulated in vitro with the same tumour cells irradiated with 10,000 rad. Cytolytic activity was determined at different effector-to-target 
ratios against *'Cr-labelled target cells including ELA (Н-2°) and L929 (H- 2*) as controls Data show per cent specific lysis obtained with an 
effector/target ratio of 50:1. ND, not determined. 
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Fig. 4 In vivo immunogenic properties of IC9 parental and 
H-2K°-transfected cells. Syngeneic Е, mice were immunized 
against. a, IC9 parental cells and, b-d, against H-2K *-transfected 
IC9 cells. Immunization and the immunogenic properties of the 
different tumour cells were followed as described in’ Fig. 2 legend. 


In conclusion, expression of H-2K antigens on IC9 and 1Е7 
cells confers highly immunogenic properties on these cells. 


Generation of cytotoxic T lymphocytes 


Spleen cells from syngeneic (C3H х C57BL/6)F, mice immun- 
ized with irradiated tumour cells were restimulated in vitro and 
their cytotoxic activity was determined against a panel of target 
cells (Table 3). Immunization with parental IC9 or IE7 cells 
did not lead to generation of CTL. In contrast, specific Thy-1.2* 
CTL were obtained, after immunization with K*-transfected 
IC9 or IE7 cells. These CTL lysed only K°-transfected IC9 and 
IE7 but not parental IC9 or 1Е7 cells, or ELA, an unrelated 
K?-positive tumour. The findings suggest that the CTL can 
recognize an unknown tumour- associated antigen on IC9 or IE7 
only in conjunction with K^. Likewise, K*-restricted CTL were 
found after immunization with K'"-transfected IE7. The fact 
that CTL induced with K^-transfected IC9 can also lyse К°- 
transfected IE7, and vice versa, indicates that both IC9 and IE? 
carry the same tumour-associated antigen. 


Discussion 


The data presented here suggest that manipulation by gene 
transfection of H-2K expression on (H-2°xH-2*)F, mouse- 
derived T10 sarcoma cells leads to changes in the malignant 
properties of these cells. Thus, the H-2K-negative and highly 
metastatic IE7 cells lost their capacity to metastasize when made 
to re-express H-2K antigens by H-2K gene transfection. 
Moreover, K°-transfected IE7 or IC9 cells manifested a 
decrease in their tumorigenic properties. The crucial question 
is whether the modulation of tumour growth does indeed result 
from the de novo expression of H-2K antigens. The most con- 
vincing argument is that all IE7 clones expressing only the neo" 
gene still metastasize and grow in vivo like the parental IE7 
cells. Similarly, all IC9 clones transfected with neo’ alone grow 
like the non-metastatic parental IC9. 
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IE7 cells transfected with either H-2K or parental and trans- 
fected IC9 metastasized when inoculated into sublethally irradi- 
ated mice, suggesting that in the case of these tumour cells the 
immune system is involved in preventing metastasis forma- 
tion. Indeed, the efficient immunization with H-2K-positive 
IE7 and IC9 cells (Figs 3, 4) and the induction of CTL 
by H-2K-transfected cells (Table 3) demonstrates that 
the de novo expression of H-2K converts the tumours 
into highly immunogenic cells. The resulting CTL lysed 
only H-2K-positive, but not parental, cells. These findings 
indicate not only that the presence of H-2K antigens on the 
tumour cells is required for induction of immunity, but also 
that H-2K is part of the target structure recognized by effector 
cells. 

The results presented here are consistent with many reports 
showing that CTL raised against foreign cellular antigens can 


' be preferentially restricted by the H-2K or the H-2D molecules 


depending on the antigen and H-2 haplotype involved’. Thus, 
it is conceivable that in the case of the ІС9/1Е7 tumour system, 
the D" and D* molecules fail to act as H-2 restriction elements 
for T-cell recognition. In contrast, the putative tumour associ- 
ated antigen on IE7 cells, the nature of which is unknown, can 
be efficiently recognized i in conjunction with the transfected K* 
or K*, resulting in the elimination of disseminating metastatic 
cells. As only expression of К° but not K* leads to retarded 
growth of the primary tumour, it seems.that K” renders the cells 
more immunogenic than K*. However, the resulting K*- 

restricted immune response seems to be strong enough for 
elimination of metastasizing K"-transfected IE7 cells, possibly 
because the disseminating cells are more accessible than the 
locally growing tumour. In addition to the potential failure of 
H-2D molecules to function as H-2 restriction elements, 
accumulating data suggest that H-2D antigens may play an 
active role in the prevention of immune responses!^. In fact, 

recent experiments suggest that the D* molecule son IE? celis 
exerts suppressogenic effects on the host response’. Other non- 
immunological effects of H-2 antigens cannot be excluded at 
this point. | 

The frequently observed absence of class I MHC antigens on 
tumours”*!®!9 may have important implications for the immune 
surveillance of neoplastic cells. This notion has been substanti- 
ated here and by other recent reports"? While this manuscript 
was in preparation, Hui et al” reported that restoration of 
H-2K* expression by gene transfection led to reduced 
tumorigenicity of a non-metastatic AKR thymoma, which is in 
agreement with our observations on the solid T10 sarcoma. The 
functional importance of class I MHC antigens in the animal 
systems described above may also have implications for the 
phenotypic expression of malignancy of human neoplasms. 
Indeed, there is some recent evidence that the malignancy of 
certain human tumours seems to be correlated with expression 
of HLA class I antigens”**>. 
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Recurrent novae and classical novae belong to the cataclysmic 
variable class of objects. Of these, only classical novae outbursts 


have been hitherto observed at radio wavelengths, and then no ` 


earlier than 50 days after the outburst. Here we report the first 
radio detection of an outburst from a recurrent nova (RS 
Ophiuchi). The observations begin only 18 days after the optical 
maximum and show a radio "light" curve which is different from 
that of classical novae. The brightness temperature of —10" K, 
calculated for this event, greatly exceeds the 10° К seen in classical 
novae, and suggests a non-thermal origin for the radio emission 
from RS Ophiuchi. Although the later emission has a classical 
(t — to) "light? curve, the radio emission mechanism appears not to 
turn on until 14 days after the optical nova and takes a further 
10 days to reach the (t — tọ) curve. Analogies may be drawn between 
the radio development of RS Ophiuchi and that of young super- 
novae. 

In both recurrent and classical novae, the outbursts may result 
from thermonuclear runaway on the surface of a white dwarf 
in a close binary system, which leads to a rapid increase in 
luminosity and mass ejection’. Based on this model there are 
two major differences between recurrent and classical novae. 
First, the secondary component of the binary system in recurrent 
novae is thought to be a late-type giant rather than a main- 
sequence dwarf as in classical novae. Second, the inter-outburst 
timescale is tens of years rather than 10*-10° years as predicted 
for classical novae; for example, the recurrent nova RS Ophiuchi 
has previously undergone very similar outbursts in 1898, 1933, 
1958 and 1967 (ref. 2). 

Following the nova outburst reported by Morrison? on 26 
January 1985, observations were made with the new Jodrell 
Bank Mk IA, Mk II 400- MHz bandwidth interferometer system 
operating at 5 GHz (S.P. and R.J.D., in preparation). This instru- 
ment has a baseline of 425 m, giving a lobe spacing of —30 arcs 
at 5 GHz. At this frequency, the 4-arc min beam of the Mk IA 
telescope results in a typical confusion level of 1 mJy. The first 
flux density measurement, of RS Ophiuchi was obtained on 13 
February, only 18 days after the outburst. This first detection 
yielded a flux density of 23 +3 mJy and subsequent observations 
on 15 February revealed an increase in flux density. 

Phase measurements made with the interferometer allow the 
position of the radio emission to be established to within +2 arc s 
in right ascension and +4 arc s in declination; within these limits 
the radio position was found to be consistent with the reported 
optical position of the nova. Figure 1 shows observations of the 
radio ‘light’ curve at 5 GHz for RS Ophiuchi between 13 
February and 5 March. Further observations were not possible 
because of telescope scheduling considerations. The flux density 
calibration of these data is based ultimately on observations of 
3C286, which is assumed to have a flux density of 7.30 Jy at 
5.0 GHz (ref. 5), with the gain-elevation dependence of the 
interferometer being obtained from observations of many differ- 
ent radio sources. For all these observations, a referencing 
technique was used with the instrument observing a nearby 


calibrator source for a short time before moving to the field of- 


interest. Using such a procedure, the flux density of the nova 
is accurately related to that of the source 1741-038 and this is 
reflected in the relative error bars in Fig. 1. However, the flux 
density of 1741-038 is not accurately known and so this has 
been related to 3C286. This latter calibration introduces a further 
systematic error of ~5% into the flux density scale. 
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Fig. 1 Radio ‘light’ curve for the recurrent nova RS Ophiuch 
measured at S GHz with left-hand circular polarization The 
vertical arrow indicates the time of the optical outburst. 


Figure 1 clearly shows two phases in the radio development 
of the nova. Initially there is a rapid increase in flux density at 
a rate of approximately 4 mJy per day until 18 February; this 
then gives way to a slower linear increase which projects back 
to the time of the initial outburst (fo), giving a (t — fo) dependence 
with a constant of proportionality of 1.7 mJy per day. This (t — fo) 
dependence is characteristic of the classical radio novae 
observed by Hjellming et al$. The initial rapid rise indicates 
that the radio emission 'turned on' about 14 days after the nova 
explosion, but after a further 10 days it reached the (t — tọ) curve. 
Thus, although the radio emission was 14 days late 1n turning 
on, after —24 days the curve proceeds as if the emission had 
started at to. 

Analogies may be drawn between the radio development of 
RS Ophiuchi and that of Type II supernovae. In the latter case, 
the non-thermal radio emission is thought to arise from the 
interaction of an ejected shell with the pre-outburst wind of the 
late-type supergiant progenitor’. Similarly, RS Ophiuchi is 
thought to eject ~1075 Мо of material at ~1,000 km s^! into 
pre-existing circumstellar material® which may be associated 
with a wind from the giant secondary of a binary system. 

If we assume a distance of 2kpc (ref. 9) and: an average 
expansion velocity of 10? km s^!, we calculate a brightness tem- 
perature of 10? К for the period of our observations. Initial 
measurements with the Very Large Array indicate a nearly flat 
spectrum (R. M. Hjellming, personal communication). Classical 
novae? exhibit thermal radio emission, typically with a tem- 
perature of 10° К, and during the optically thick, rising phase 
of the light curve have a spectral index of — +1 5. These differen- 
ces lead us to suggest a non-thermal origin for the radio emission 
in RS Ophiuchi. As ће (t— t9) dependence is similar to that of 
a classical nova, albeit with a different constant of proportional- 
ity, these observations suggest that both the optical depth and 
dynamics of the shell after 24 days may be similar for the two 
phenomena, even though the radio emission mechanism may 
differ. The subsequent radio evolution of this system is s clearly 
of considerable interest. 
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Acetaldehyde and acetone are expected to be formed as trace gases 
in the free troposphere from photochemical conversion of non- 
methane hydrocarbons and to represent key precursors of peroxy- 
acetyl nitrate (PAN)'5. PAN is important as a potential organic 
reservoir"? for odd N and thus as a vehicle for odd N transport 
in the troposphere or even from the troposphere to the stratosphere. 
As PAN suffers from thermal decomposition in the lower tropos- 
phere, its transport into the stratosphere relies on its formation 
in the upper troposphere where temperatures are sufficiently low 
to prevent thermal decomposition. Neither PAN nor its key precur- 
sors, however, have been observed in the free troposphere and it 
is difficult, therefore, to assess the potential impact of non-methane 
hydrocarbons on upper tropospheric and stratospheric ozone'-5 
An indication of the presence of acetone around the tropopause 
level was first obtained recently from ambient positive-ion composi- 
tion measurements. Here,.we report on a search for these trace 
gases and other species with large proton affinities in the tropopause 
using aircraft-borne active chemical ionization mass spectrometry 
(ACIMS), a novel method for atmospheric trace gas detection. 

The ACIMS method developed in our laboratory will be 
described in detail elsewhere”? and only a brief outline is given 
here. Detection by ACIMS of molecules B possessing large 
proton affinities or gas phase basicities relies on their reaction 
with H3O*(H;O), ions in 


Н,О+(Н,0), + B> HB*(H;0), + H20 (1) 


Usually? proton transfer reactions (1), if sufficiently exothermic, 

occur on every collision and have a temperature-independent 
rate coefficient of ~ 2-5 x 10^? cm? s^! depending on the dipole 
moment of B. The ACIMS apparatus (Fig. 1) works like a flow 
reactor where ambient air is sampled by an air intake on top of 
the aircraft's fuselage and then the air stream is passed through 
a flow tube and directed to the sampling cone of a cryogenically 
pumped quadrupole mass spectrometer. Ultimately, the air 
stream leaves the aircraft's fuselage through an outlet tube. 
Precursor ions H;0*(H,O), are formed by a high-frequency 
glow-discharge ion source inside the flow tube, 70 cm upstream 
of the sampling cone that carries the inlet orifice through which 
ions enter the mass spectrometer. The time tg for which ions 
reside in the reaction zone between the ion source and the 
sampling cone, being typically 17 ms, can be measured precisely 
by pulsing the ion source and measuring the ion arrival time. 

By measuring the flux ratio F(HB*)/F(H;0*) for precursor 
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Fig. 1 Schematic representation of the aircraft-borne chemical 
ionization mass spectrometry apparatus. F, fuselage: IP, intake 
pipe; EP, exit pipe; Y, valve; HFIS, high-frequency glow-discharge 
ion source; IS, electron impact ion source; ITS, temperature 
sensor: IGP, ion getter pump; PS, pressure sensor; SG, sampling 
grid; PV, probing vessel; SC, sampling cone; TS, Teflon seal; 10, 
inlet orifice; OS, O-ring seal; QR, quadrupole rods; CP, cryo- 
pump; SP, sorption panel; B, bellow; IG, ionization gauge; TMP, 
turbomolecular pump; CEM, channel electron multiplier. 


and product i ions with the mass spectrometer, the [B] can be 
obtained using expression 


Е i F(HB*) 
[B]= а (а э) e 


which follows from nl of the kinetic equations for 
product and precursor ions. 

Taking the above К and tr and an ion flux ratio of 0.001 
which can easily be measured, a conservative estimate for the 
typical detection limit of —3 x10! стг? corresponding to а 
volume-mixing ratio of ~ 4107" or 4 p.p.t.v. (parts per trillion 
by volume) at — 11,000 altitude is obtained. The uncertainty in 
[B] is determined primarily by the uncertainty in k, which may 
be as low as + 30% in laboratory measurements. Typical uncer- 
tainties for tp and the ion flux ratio are-both + 20%. Taking a 
typical uncertainty for k of +50%, an estimate of the overall 
uncertainty for [B] of + ~ 57% is obtained. The precision of 
[B], which is not affected by the uncertainty іп k, is + ~ 2896. 

The first flight of the novel ACIMS instrument was on 24 
February 1984 over the FRG, reaching a maximum altitude of 


Table 1 Concentrations and volume mixing ratios for trace gases measured in flight F5 at 11,300 m 


Concentration 
Molecule PA (kcal mol!) k (10° cm? s^!) (107 cm VMR (1012) Other data Ref. 
CH,CN 187 3.2 . 20 ^ 36 ` 2-4 20,000 m 10-12 
: { * : 5 56 Ground 13 
(CH;),CO 193.6 Я 29 14 25 >20 "44,300 m 6 
ae (F5 PACIMS) 
500 Ground 16 
Й 15 9,000 m (Model) 1 
NH, 200.4 1.8 54.0 373 - <0.050 11,300 m 6 
(Е5 PACIMS) 
600-2,000 11,000 m 14 
600 4,000 m 15 
, 500-20, 000 Ground 1 
CH,CHO - 1854 23 <0.11 <2.0 3.0 9,000 m (Model) 1 
7.0 15,000 m (Model) 1 


PA, proton affinities (see ref. 9); VMR, volume mixing ratios. References are for other data. 


308 











COUNTRATE (8-1) 
' INTEGRAL COUNTS 





. Fig.2 а, Positive-ion ACIMS mass spectrum obtained at 4,300-m ` 
altitude. Panel b is enlarged in the y-direction for visualization of 
minor ion peaks. The signal at masses 0-4 does not represent а . 
mass peak but is a reduced total ion signal occurring at very low -~ 
radiofrequency-amplitude of the mass filter. Integral .counts 

. denotes the total number ога ton coünts per, mass peak. 


‘11,300 т, well above the local tropopause levels (9,750- 
10,360 m) and cloud-top levels (5,000-8,000 m). ACIMS 
measurements were taken only at 11,300 m and only for'a short 
period of time (15.19215.33 LT) and the remaining fli ight time 
was' spent for ambient ion composition measurements*. 


A typical positive-ion ACIMS spectrum, obtained in 40s at 


11,300 m, is shown in Fig. 2. Besides {һе precursor ions 
H,O (Н.О), (masses 19, 37;.55), it contains several: product 
ion peaks of which 42 and 59 are most prominent. Like H4O*, 
the most prominent member of the H,O"(H,0), family, these 
ions must be naked ‘cores’ of the type НВ", with B possessing 
a large proton affinity (typically > ~ 175 kcal mol"). Therefore, 
the most probable candidates are protonated acetonitrile (42) 
and protonated acetone (59); no significant peaks attributable 
to protonated acetaldehyde (45) and protonated ammonia, a8) 
occur. 

Taking measured rate coefficients k (Table 1), concentrations 
(acetonitrile and acetone) and upper limits (ammonia and 
acetaldehyde) were obtained from equation (2). A compilation 


of our measured trace gas abundancesis given in‘Table 1 together , 


with other data. (Data for additional trace gases detected by 
the present ACIMS experiments are given elsewhere.) 

Our present acetonitrile abundance of 36 p.p.t.v. at 11,300 т 
is similar to the average ground-level value of 56 p.p.t.v. obtained 
_ by Snider and Dawson" (Fig. 3), which suggests that. acetonitrile 
has à sufficiently long lifetime to allow for efficient vertical 
mixing in the troposphere (typical timescale: several days). This 


is consistent with recent estimates of CH,CN-lifetimes against' 


reaction? with OH and washout’? being about 1-2 years in the 
troposphere. In contrast, middle stratosphere acetonitrile mixing 


ratios as obtained from balloon-borne PACIMS (passive - 


chemical ionization mass spectrometry) measurements". are 


much lower than our present value at 11,300 m, which is some- 
what surprising in view of the relatively slow reaction. of CH4CN 


with OH, the only presently known CH3CN-sink in the lower ` 
stratosphere. A one-dimensional photochemical model calcula- Е 
tion of CH,CN by Brasseur et al.® (also shown: in -Fig. 3) 


considering réaction with OH as the only CH4CN-sink requires 
a tropospheric CH4CN-volume mixing ratio of only 10 p.p.t.v. 
in.order to reproduce the middle stratosphere 'observations. 
Compared to this value our present measured value of 36 p.p.t.v. 
and the average ground-level value of 56 p.p.t.v. are much larger. 
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Fig. 3 Comparison of measured acetonitrile volume mixing ratios 
. as obtained from aircraft-borne PACIMS!'" and ground-level 
- (GL) condensation collection; typical error bars for the various 
a analytical methods are indicated. Also shown is a one-dimensional 
` photochemical model calculation for CH;CN by Brasseur et аі) 
m considering reaction with OH as the only CH;Cn-sink. 


The reason for this discrepancy is presently not known. 


- Possibilities include an additional lower stratosphere CH4CN- 


sink or a non-uniform tropospheric 'CH,CN-distribution with ` 


`` lower abundances in equatorial regions where tropospheric air 


primarily enters the stratosphere. However, it should be kept in 
mind that the stratospheric distribution.of CH3CI, which is also 


"removed by reaction with OH at a rate similar to CH4CN and 


which is practically uniformly mixed in the troposphere, is not 
well reproduced by one- and two- dimensional model calcula- 
tions. Usually stratospheric : "CH34CI- is overestimated Ьу thé 
models??, Concerning additional CH,CN-sinks in the lower 
stratosphere the possibility of CH4CN-removal by ion processes 
may also be considered in view of the, fact that stratospheric 
positive ions contain CH;CN. Upon ion-ion recombination of 
such CH4CN-containing clusters, CH4CN may be destroyed by 


. reaction or be incorporated into aerosols which may eventually 


result from ion-ion recombination?" ?1 However, very little is 
known about the products of ion-ion recombination and thus 
the possibility of CH;CN-removal by ions remains speculative. 

..Compared -with acetonitrile the situation for ammonia is 
entirely different. Here, the upper limit of 73 p.p.t.v. is. much 
lower than: the upper troposphere and lower -stratosphere 
measürements yet made. Only two measurements.at ~ 11,000 m 
have been reported (2 p.p.b.v., Магсһ 1979; 0.6 p.p.b.v., August . 


1979) using a remote infrared heterodyne radiometer tech- 


nique. Our, value is also much lower than the. chemical filter 
data (0:6 p.p.b.v.) obtained"? at. ~ 4000 m. Again, more free 
tropospheric measurements covering a range of meteorological ` 
conditions are needed before conclusions on ammonia transport 
and removal сап Бе reached. 

We next discuss acetone and acetaldehyde. The- present 
acetone abundance of 25 p. P. t.v. is higher than the model predic- 
tions of Singh and Hanst!, being, 15 p.p.t.v. (9,000 m) and 3 
p.p.t.v. (15,000 m). By contrast, 'the upper limit described here 
for acetaldehyde of 2 p.p.t.v. is somewhat lower than the model 
predictions! (3 p.p.tv., 9,000 m; 7 p: pty, 15,000 т): If the 
kinetic data used by Singh and Hanst! z are correct, PAN forma- 
tion at 11,300 m from acetone would be at least 10 times тоге. 


` efficient than from acetaldehyde. A further implication is that 


.the production of acetone would be much larger than predicted 


by the model (considering only propane as a precursor of. 
acetone). Thus, either thé propane level was higher than assumed 
or additional non-methane hydrocarbon species contribute sig- 
nificantly to acetone formation. It.is also conceivable that the 


- observed increase in acetone level is associated with jet aircraft 


exhaust, a possibility that ‘deserves further attention. Alterna- 
tively, the model may underestimate the lifetime: of acetone in 
the troposphere. 

Clearly, more measurements, in particular height profiles, of 
acetone, and eventually also acetaldehyde, in the free tropos- 
phere and lower, stratosphere are needed to elucidate the details 


-of PAN formation in this part of the atmosphere. The ACIMS 


method has the potential to contribute significantly to an 


H 
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improved understanding of the photochemistry of non-methane . 


"hydrocarbons in the’free troposphere and lower stratosphere. 
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When snow, is transformed into ice (firnification process) by ' 


sedimentation near the surface of an ice sheet, some of the atmos- 
pheric air is trapped in the inter-grain spaces which are progress- 
ively isolated from the surrounding atmosphere. The resulting 
, material is an air-tight bubbly glacial ice. By analysing the air 
extracted from the bubbles found in the ice, it is possible to 
determine the air composition and thus its CO; content for the 
period during which the air was trapped. We aim here to provide 
.the most direct evidence obtained so far for the background 
,. atmospheric CO; concentrations over the centuries preceding the 
` recent anthropogenic perturbation due to the industrial revolution 
of the past-century. This background level is important for assess- 
ing both the origin and the climatic response of the anthropogenic 
perturbation to the atmospheric CO, (see ref. 1). Our results, 
obtained from the analysis of the air trapped in the bubbles of an 


'atmospheric CO, against time is, furthermore, 
, because each ice layer contains bubbles which closed off at 





— —— LETTERS TONATURE > 


Antarctic ice core, indicate that the background ‘level could have 
been as low as 260 p.p:m.v. (parts per million by volume) before 
the major anthropogenic influence and suggest that the so-called 
‘pre-industrial’ CO, level was not constant over the few hundred 
years preceding the nineteenth century. 

Although several parameters, such as snow melting at the 
surface of the ice sheet, may obscure the record, CO, results 
representing the atmosphere can be obtained with a good degree 
of confidence by choosing appropriate sites, cores and gas 
extraction methods (see ref. 2). In particular, the best conditions 
are found using unfractured ice cores taken in the dry snow 
zones where no melting occurs (the mean annual air temperature 
of these zones is generally below —25 °С). The ice record of 
'smoothed' 


different times during the firnification. Because the firnification 
rate increases with the rate of snow accumulation at the surface, 
a low smoothing effect is expected in high-accumulation sites. 
For this study, the smoothing must be as low as possible to 
detect, with sufficient definition, the possible atmospheric CO; 
changes over a few centuries. In short, we are looking for a 
good core taken in a cold site without summer melting and with 
a high accumulation rate. 

Such requirements were fulfilled by a 203-m-long ice core 
drilled in 1980-81 at the station 057 (68*11' S, 137°33' E) in 
East Antarctica. The ice from this core analysed for the present 
study was formed, according to an ice origin calculation, 
upstream from the drilling site in a zone where the mean annual 
surface temperature is <—32 °C (—32 °C at D57) and the present- 
day measured snow accumulation rate is 45 cm of ice equivalent 
уг! at D57 and highly variable upstream (M. Pourchet, personal 
communication). Taking into account the accumulation data 
and the conditions of gas enclosure, each air sample analysed 
could average between ~20 and 40 yr of atmospheric conditions. 

For CO; measurements, we sampled eight, depth levels ` 
between —89 and 198 m below the surface (Table 1). For each 
level, between 16 and 50-cm lengths of the ice core were analysed : 
after the ice samples (weighing between 23 and 46 g) had been 
cut into horizontal core layers —2-4 cm thick. These ice samples 
were taken from the internal and unfractured part of the ice 
cores and cut in a cold room (at about —15 °С) with a band 
saw. The whole experimental procedure, including all the steps 
between the extraction of the gas by grinding the ice under 
vacuum at —40°C and the gas chromatographic analysis, was 
performed using the Grenoble method described in ref. 3. 

For each measurement, the analytical system is calibrated as 
described in ref. 3 and the experimental accuracy (with a 9596 
confidence limit) is evaluated from the standard deviation of 
the residuals corresponding to the calibration regression. This 
accuracy for the results presented here is in the range +1.1-4.8%. 
Between 5 and 13 samples were processéd for each depth level. ` 
The corresponding CO, results are shown in Table 2. The 
scattering of thé CO; measurements for a given depth level is 
evaluated by calculating their standard deviation and lies in the 
range £1.3:3.8% (Table 1). This scattering is smaller than, or 


Table 1 1057 ice-core sample, characteristics, mean CO, concentrations and mean ages of the gas 


З = i = : 
Depth below the Length of ice А No. of Scattering of СО, Mean CO, -Mean age of the gas (AD) 
D57 surface core analysed samples measurements concentration Temi 
* (m). ; (cm) , analysed (96) . (p.p-m.v.) a b 
89.3-89.6 e 24. 7 2.4 | 288 1940 1890 
102.4-102:6 : "49 7 3.8 A 266 1915 1830 
124.8-125.0 17 ‚ 6 13 261 1855 1710 
133.0-133.7 : 16 y 5 2.8 259 1835 1670 
141.3-142.0 bo, 50 13 $ 2.6 264 1815 1630 
161.6-161.8 ' ` 167 7 2.0 268 1745 1520 
181.1-181.3 17 6 1.3 272 1620 1420 
.6 3.4 С 271 , 1560 1340 ' 


197.2-197.5 - 24 


The mean ages of the gas are calculated (see text) taking into account a constant rate of bubble enclosure between the densities 0.80 and 0.83 
and ages of ice obtained from modelling the ice flow (a) and by,assuming a constant accumulation rate of 18 cm of ice equivalent уг”! (b). 
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similar to, the „experimental errors and can consequently be 
attributed to them. The mean CO, concehtrations measured for 
each depth level are shown in Table 1. 

Our calibration gas has been compared with standards pre- 
pared according to the WMO 1974 provisional scale by: the 


Scripps Institution of Oceanography’ and the error due to the | 


calibration gas on the absolute values of the CO; measuréments 
is estimated to be <+1%. An.absolute calibration of the com- 
' plete procedure is, unfortunately, not possible because a stan- 
dard ice enclosing bubble having a known composition is not 
available. Nevertheless, we recently simulated such a calibration 
by grinding artificial bubble-free ice surrounded by a volume 


of calibration gas equivalent to the volume of air trapped in the, 


natural ice. The results indicate that the procedure does not 
change the CO; composition of the gas within experimental . 
error. A similar conclusion has been reachéd after comparing 
CO, measurements on air from bubbles in polar ice performed 
in our laboratory and in the Physics Institute of Bern’. Néverthe- 
less, more recent measurements made in Bern suggest that their 


results would have to be corrected by adding ~15 p.p.m.v: (ref. ` 


4). Anew comparison is in progress between the two laboratories 
to solve this uncertainty. / 

We will now evaluate when the air found in the bubbles was 
isolated from the free atmosphere. As pointed out above, the 
bubbles become isolated from the free atmosphere during the 
firnification process, Consequently, the gas at a given depth is 


younger than the ice itself. The bubble close-off process begins: 


io be significant probably after the firn grains have been packed 
into the closest possible arrangement. This closest possible pack- 
ing corresponds, according to Anderson and Benson’, to a firn 


density of —0.55. The enclosure process ends at the бгп-ісе 


transition, at a density of ~0.83. Recent volume measurements 
of the closed bubbles in the firn at Siple Station, Antarctica, by 
Schwander and Stauffer$ indicate that 80% of the bubbles close 


off between the densities 0.795 and 0.83. Nevertheless, the ' 


observed occurrence of impermeable layers and the fact that 
the air, especially in the deeper part of the firn, could not be 
well mixed with the atmosphere, may isolate.the air in the firn 
from the free atmosphere at shallower firn densities (and con- 
sequently аё’ shallower depths). Furthermore, although the 
experimental method used by Schwander and Stauffer is the 
best available, we believe that this method risks breaking some 
bubbles near the sample surface. If this is the case, the method 
provides a minimum volume value of the closed: bubbles, 


especially for the firn with relatively low densities. Also, the 


Table 2 Results of the multiple CO; measurements performed at each: 


depth level for the D57 ice core 


х 
CO, concentrations with 
experimental accuracies (p.p.m.v.) 


Depth below the 
D57 surface (m) 


89.3-89.6 275.5 +8 288.58, 281.5+9 
289.528 ^ 29257 29449 
29348 : 

102.4-102.6 - 25157 25646 26633 
2703-8 262 +6 27633 
279 +3 

124.8-125.0 258.5412 257.5 + 10 260.5 +10 
267.5 +10 261+8 261.5+10 

133.0-1337 ., 258-8 247+9 26249 
26234 26644 ` 

141.3-142.0 ' 25247 255x7 25447 
272+8 270+13 267.5+7 
264+10 270.5+11 263+6 ' 
267.5 +6 273+12 26348 

; 263+4 

161.6-161.8 264.545  261.5+6 27345 
26348 272411 ` 2767 
2689 А ` 

181.1-181.3 274.5+5 271.5310 268.59 , 
270.5510 — 272548 269310 . 

197.2-197.5 25848 264.548"  - 270.548 ` 
278.58 2847 27127 
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Fig. 1 Atmospheric CO, concentrations during the past centuries 
as deduced from the D57 ice-core analysis. The vertical lines , 

- indicate the scattering (+10) of the measurements. The mean ages ` 
plotted were,obtained using two different approaches (see text). 
a, Dating of the ice obtained by modelling the ice flow. b, Dating’ 

. based on the Tambora horizon at a depth of ~48-50 m below the 
surface and on a constant snow accumulation rate for the whole 
period encompassed by the core.. The arrows indicate qualitatively 
that the mean ages may be older if the air in the firn is isolated 
from the atmosphere before the firn reaches the density 0.80. ML, 

"The atmospheric CO; record si since AD 1958 at Mauna Loa’® 
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enclosure, conditions could be different at D57 [US the.. 
firnification parameters (temperature and snow “accumulation 
rate) are not the same as at Siple Station. For these reasons we 
‘assume that: (1) the bubbles close off at a constant raté between © 
the densities 0.80 and 0.83 which correspond, respectively, to. 
depths of ~68 and 76 m below the surface at'D57; and (2) the 
, air can be isolated before the firn reaches the density 0.80. Taking. 


intó account the time of deposition of the snow at the surface ` 


‘of the ice sheet, that is, the age of the ice, ‚апі the time required 
to reach the densities 0.80 апа 0.83, it is possible to calculate 
mean ages of the air samples we analysed: These gas‘ ages are 
given in Table 1 and Fig. 1 for two different estimates of the. 
age of the ice. They may be, in fact, ‘older by several tens of .. 
years; as suggested by the arrows іп Fig. 1, because the' air can’ 
be isolated before the firn reaches the density 0.80. This üncer- 


tainty would be, in the case, of D57, generally smaller than the, 


uncertainty in the determination of the age of the ice. 

For dating the ісе, we, have used two approaches. First, the 
depth-age relationship has been calculated (C. Ritz and DR, 
unpublished data) from modelling the ice flow upslope from 
D57 by assuming a uniform vertical strain rate‘and horizontal 
ice velocities independent of the depth. The parameters required 
for the calculation include snow accumulation rate, horizontal 
ice velocity and ice thickness at the sites of snow: ‘deposition: 
The times required for the snow to reach the densities 0. 80 and 
0.83 have been obtained in a similar мау. This dating depends 
essentially on snow accumulation data. . Unfortunately, the 
accumulation rate pattern upslope from: D57 is highly variable 
and poorly known. In this calculation, we take into account the 
limited accumulation rate data available: 45, 32, 4.4, 15, 34 and 
:28 cm of ice equivalent at D57 and 10, 15, 16, 20 and 33 km 
upslope from 057 respectively (M. Pourchet, personal com- 
_ munication). These data are representative of between 4 and 
28 yr of present-day accumulation. The mean age ofthe gas 
_ corresponding to this approach is shown in Table 1 and Fig. 
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1а. The second approach takes into account two exceptionally . 


marked sulphate horizons recorded at 48 and 50 m below the 
:surface". According to Legrand and Delmas (personal communi- 
cation) (1) these two horizons are undoubtedly volcanic and 
have also been recorded in the Dome C and South Pole cores 
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Fig.2 Comparison between the CO, results from the D57 ice 
core and other estimates for the period since AD 1830. For the 
057 results (а) only those ages in Fig. 1b for which we have most ` 
. confidence for this time period are plotted. b-e, Estimates-of past 
atmospheric CO, concentrations (discussed in refs 8 and 9) based 
оп: b, the analysis of sub-surface ocean waters; c, a model calcula- 
tion extrapolating from ML by assuming fossil-fuel combustion to 
be the only source of СО»; d, the interpretation of some early 
chemical measurements of atmospheric CO; and e, preliminary 


'- ‘analyses of-archived solar spectra. ML is the atmospheric СО, 


record observed аг Mauna Loa since AD 1958 (ref. 10). 
ч \ " 
which are indepeudenty datable with much more confidence 
than the D57 core; (2) the most likely candidate for one of these 
events is the Tambora eruption, AD 1815. This AD 1815 level 


“at ~48-50 m below the surface would. correspond to a mean 


accumulation rate of ~18 cm of ice equivalent уг! during the 


past 165 yr. We have tentatively calculated (Table 1) and plotted 


in Fig. 1b what would be the mean age of the gas if the accumula- 


' tion rate remained constant at this value for the whole time 


‘period encompassed by the core. The two approaches give 


ih important differences (from 50 to 220 yr) in the mean age of the 


, gas for the levels measured in СО». This clearly demonstrates 


the large uncertainties in the dating of the gas trapped in the 
D57 core. Nevertheless, the sulphate horizons found at 48 and 
50 m below the surface are an important constraint for the dating 


of the upper part of the core and consequently, for the youngest ` 


part of the CO, record, we have more confidence in the timescale 
shown in Fig. 1b. 


Whatever the dating елйн, this first detailed CO, , 


record over the- past few centuries from ice-core analysis 
indicates (Fig. 1) that the atmospheric CO, concentrations were 


at a minimum some time between AD ~1650 and 1850, with а’ 


mean value of ~260 p.p.m.v. This value must be compared with 


the ~295 p.p:m.v. calculated for the pre-industrial level (AD. 


1860 and before) by extrapolating observed CO, values from 


" 1958 to the present and assuming that fossil fuels were the only 


sources’. The difference between the measured values from the 
D57 core and the results of this calculation strongly suggests 


that another important source lias been active during the period, 


preceding any significant use of fossil fuels, even if we have to 


' ' correct systematically the measured: values by +15 p.p.m.v. 


Taking into account the two youngest CO; levels plotted on Fig. 
Íb against the age that we favour for this part of the record, 
the main origin of this source may very well be the agricultural 
*revolution' which 'began seriously to шаса the biosphere 
during the past century. А 

Another interesting feature of the D57 core is, as shown in 
Fig. 1, that a mean decrease of the order of 10 p.p.m.v. may 
have occurred over a period of a few centuries-before AD 1800. 
This fluctuation may reflect natural changes in the biospheric 
and/or oceanic CO, reservoirs which are possibly linked with 
the suggested worldwide Little Ice Age. This result suggests that 
the so-called 'pre- -industrial" CO, level was not constant even 
over the few centuries preceding the important anthropogenic 
perturbation of the various CO; pools. 

In the seárch for the atmospheric, CO; level during. pre- 
industrial times: (before AD 1860, and on the scale of a few 


centuries), other kinds of records have been used, including the 
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chemical measurements of atmospheric CO; performed during 
the second part of the nineteenth century, the 8'?C record of 
tree rings, and the chemical analysis of sub-surface ocean waters. 
A recent critical review?? of the different types of record of the 
atmospheric CO, concentrations from pre-industrial times to 
1958 concluded that CO, analysis of the ice cores currently 
seems to be the best, and most direct, method of determining 
the atmospheric CO, concentration before AD 1900. We can 
consequently consider that the D57 results presented here pro- 
vide a most representative record of the atmospheric CO; back- 
ground level for the ‘pre-industrial’ period. 

Finally, the D57 record is also the first ice-core analysis to 
indicate clearly the increase in atmospheric CO, due to the 
burning .of fossil fuels and probably also due to the 
anthropogenic influence on the biosphere over the nineteenth 
and twentieth centuries. Figure 2 shows this increase as recorded 
in the D57 core since AD ~1850, compared with other estimates 
discussed in refs 8 and 9. 
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"The synthesis of ammonia from hydrogen and nitrogen over a 


reduced iron oxide catalyst is so well known" 5 and so widely used 


_ (current world capacity is close to 100 x 10° tons per year) that it 


may seem surprising that the mode of operation of the catalytic 
remains enigmatic. That both Н, and N, must first dissociate at 
the catalyst surface is beyond dispute, but there is debate as to 
the role of various promoters (Al, K, Ca) which greatly improve 
the catalytic performance when added to the precursor Fe,O,. 
Although it is widely accepted that regions of paracrystallinity 
exist within the catalyst, no one has questioned its overall crystal- 
linity. In this work, which entails in situ X-ray diffractometry, we - 
provide evidence that the active catalyst contains substantial 
amounts of a non-crystalline phase. Without promoter, reduction 
of Fe4O, in the same conditions yields only crystalline @-iron. 
Even though there have been more than 100,000 catalyst 
formulations for the synthesis of ammonia, the catalyst of choice 
still remains that selected for the original Haber-Bosch process, 
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promoted iron. How do these promoters exert their influence? 
The likely role® of the alkali is to facilitate the dissociative 
chemisorption of nitrogen, the rate-determining step. The pres- 
ent consensus view?" on the role of alumina is that it serves as 
a textural promoter by stabilizing the a-iron phase, and prevent- 
ing it from sintering, after its formation by reduction in the 
reactant gas stream, from the fused oxide precursor. In par- 
ticular, it has been argued? on the basis of ex situ X-ray diffrac- 
tion studies, that individual spinel units (FeAl,O,) are built into 
the active a-Fe catalyst and that these units cause internal strain 
giving rise to the formation of so-called paracrystals. This para- 
crystalline state is characterized by slightly broadened X.ra 

diffraction lines, a fact confirmed recently in another study’. 
Note, however, that these investigations were performed with 
reduced catalysts which had been re-oxidized before the 
measurements. Model studies with iron single crystal surfaces 
revealed the highest activity for the (111) surface plane!?, and 
the highest rate of nitrogen chemisorption is exhibited by this 
plane 

eliminate the activity differences between various crystal planes 
(without affecting their structures)S. In view of these findings, 
discussions as to which crystallographic faces of iron are chiefly 
involved in ammonia synthesis at real (that is, promoted) catalyst 
become less cogent. This will be underlined by the present results 
which shed new light on the structure of the catalyst in working 
conditions. They also prompt us to re-examine the accepted 
picture that the function of the Al,O; promoter is to stabilize 
the a-Fe phase in the synthesis catalyst. The evidence suggests 
that the active state of the promoted iron catalyst could be 
non-crystalline. The catalyst possesses essentially no long-range 
atomic order in reaction conditions. Our results also show that 


a typical promoted catalyst precursor contains at least. five ' 


distinct crystalline phases before reduction. 

The experimental evidence has been acquired using, prin- 
cipally, in situ X-ray powder diffractometry, rendered possible 
by adapting a Commercial cell!?, capable of repeated rapid and 


slow scans of 26 (scattering angle) operating, at temperatures ' 


of up to ~550 °C and pressures of up to 1 bar. This set-up, which 
readily permits data accumulation, is a more sensitive apparatus 
than earlier versions and is capable of operation at tem- 
peratures higher than those explored, also in situ, by Moses- 
ran". Other measurements involving Móssbauer spectroscopy, 
physical adsorption, kinetic studies of ammonia formation rates 
at high pressure as well as a range of electron microscopic 
techniques all point to the catalytically active phase of iron 
being amorphous, in the sense that splat-cooled metals and 
alloys are amorphous. Full details of our work will be presented 
elsewhere. Here we concentrate on the results of the X-ray 
studies that have been carried out on typical industrial ammonia 
synthesis catalysts (provided by BASF (catalyst number MUC) 
sand ICI). 

The X-ray diffractogram for typical promoted BASF and ICI 
unreduced catalysts containing 2% А!,О,, 2% CaO and 
0.5% K,O shows predominantly hkl reflections for FejO,. 
However, a diffractogram which took ~100 h of recording time 
and involved three separate specimens with overlapped regions 
of 20 (owing to suspected X-ray-induced radiation damage) 
shows the presence of a large number of weak-diffraction peaks 
arising from minority phases. Analysis of such multiphase mix- 
tures is not straightforward, and an unambiguous assignment 


using solely the diffractograms and the Joint Committee on ' 


Powder Diffraction Studies data file is not possible. When com- 
bined with knowledge of the known chemistry of Fe/Al and 
Ca/Fe oxides and previous information concerning the presence 
of CaO in promoted catalysts, the minority phases so identified 
were: FeALO,, FeAlO3, CaO and K,Fe,,03,. Alternative assign- 
ments are possible, and could, for example, include CaFe3;0, 
and KHCO;, but the presence of the bicarbonate can be safely 
discounted since there is no (analytically measurable) carbon 
present in the catalyst. 

Unpromoted catalysts yielded diffractograms containing 


reflections from Fe3O, only. When these unpromoted catalysts _ 
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. The presence of potassium, however, was found to . 
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(20) 
Fig. 1: Diffractogram (recorded at 500°C) of unpromoted mag- 
пеше catalyst that had been heated in 1 bar Н, up to 500°C. The 


main peaks are attributable to a-iron. (The peak marked + is a 
spurious reflection from the high-temperature attachment.) 


were heated in 1 bar H, (30 cm? тіл!) up to 500 °C, the resulting 
diffractogram, recorded at this temperature with the catalyst still 
exposed to the H; atmosphere, revealed (Fig. 1) peaks attribu- 
table to a-Fe. 

When the diffractograms- were recorded with the promoted 
catalysts exposed to N; at a pressure of 1 bar and at temperature 
up to 500?C, they were indistinguishable from the patterns of 
the starting material. Dramatic changes in the diffractograms 
were, however, seen when the promoted catalysts were heated 
in either 1 bar of H, or 1 bar of 3H;: 1N; mixture (Fig. 2). At 
~425°C for the BASF catalyst and at .—460?C for the' ICI 
catalyst, very broad diffraction peaks (~10 times as wide as 
those previously reported?? for paracrystalline iron) were 
obtained. 

These diffraction patterns are very different from those expec- 
ted for finely -divided or paracrystalline œ-iron. No interise 
reflections are observed, but instead there, are a series of weak 


` апа broad features. The most surprising feature is a broad 


diffraction peak at 26 ~25°. There are no allowed diffraction 
lines for «Ее at this angle and hence it cannot be interpreted — 
in terms of extremely finely divided crystalline iron. Experiments 
monitoring the weight loss during reduction confirm that the 
material is essentially fully reduced (+1%) during our experi- ' 
ments and so the features displayed must be caused by a phase 
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Fig. 2 Typical diffractograms of reduced promoted ГОТА 
catalysts. a, Heated to 500°C; b, subsequently cooled to 400 °С. 
These broad diffraction peaks are much wider than any previously 
reported (see text). A new rather broad peak (at 20 ~25°) also 
appears irrespective of whether the reduction is carried out, at 1 
bar, in either H, or 3H;: 1N,. The sharp peaks superimposed оп 
the broad background arise chiefly from small particles of crystal- 
line FeAIO,. (The peak marked + is a spurious reflection from 

the high-temperature attachment.) : 
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which contains predominantly iron. The shape of the peak at 
26 25° seems to depend on the conditions used during reduction 
(the temperature and gas flow), but we will not consider this in 
detail here because the effects may be obscured by the deviations 
from parafocusing caused by the sample expansion, and by the 
tendency for the sample to fall off. The diffraction pattern shows 
a striking similarity to that of some glassy metal alloys such as 
Fe/Ni/ B which display a broad diffraction feature at 20 —24? 
when doped with a small quantity of silicon, The simplest 
explanation of the data observed here is the formation of an 
amorphous iron-containing phase which is stabilized by the 
incorporation of small quantities of dopants that may arise from 
‚ the promoter additives or from residual oxygen. 

It is also possible to propose more complex assignments for 
the data, based on the fact that the broad feature at 20 ~45° 
arise from allowed diffraction peaks of a Fe. Thus, microcrystal- 
line particles of a Fe (~20 A diameter) may be present together 
with an additional new phase of iron giving rise solely to the 
peak at 20 25°. Evidence for this view is less compelling than 
the'simpler explanation that the material is amorphous. Whilst 
the diffraction pattern is dominated by the 'amorphous' features, 
the presence of some residual crystalline phases is indicated by 
small but comparatively sharp peaks in the region of 20 from 
35° to 55°. These have been identified as arising for the most 
part from FeAIO,. Through the viewing port of the X-ray camera, 
the promoted catalysts were seen to expand rapidly during. the 
reduction in Н, at elevated temperature, a fluffy black powder 
resulting after the expulsion of water. These changes occurred 
concomitantly with the changes in crystallinity, detected by the 
repeat-scan X-ray diffractometry. 

The diffractogram in Fig. 2a was recorded over an 18-h period 
with the sample exposed to 1 bar Н, at 500°C. The essential 
features of this diffractogram are obtained with the catalyst 
exposed to ЗН,: N, mixtures at elevated temperature (~425 °C) 
and are retained when the catalyst is cooled to room temperature 
іп а non-oxidizing (Н; or H-N, mixture) atmosphere. The 
catalyst spontanéously oxidizes on exposure to air even at room 
temperature and forms Fe4O, indistinguishable from the non- 
reduced precursor. Other measurements (and all handling) were, 
therefore, carried out under a nitrogen atmosphere. 


That this non-crystalline, reduced iron can be a catalytically ' 


active phase was confirmed by kinetic measurements (3H5: 1N; 
at total pressure of 9 bar in the temperature range 350-450°С). 
At 400°C, conversion rates were ~10 umol of NH; per g of 
catalyst per s. This amorphous catalyst, nevertheless, retained 
some morphological texture, possibly because the coexisting 
microcrystalline FeAlO; there consist of numerous platelets 
(—200 À dimensions); and, by transmission electron micros- 
copy, we observed some mesopore structure. This is reminiscent 
of the small particles (~300 A diameter) seen! by scanning 
electron microscopy. No  Móssbauer signal could Бе 
obtained??? in conditions which yielded clear signals from other 
iron-containing catalysts: this is what-one expects from a catalyst 
that is more similar to a glass than a solid. 

Our in situ X-ray diffractometric studies show that a promoted 
ammonia synthesis catalyst produced by reduction in hydrogen 
is largely non-crystalline interspersed with microcrystals of 
FeAIO, and other promoter phases. 


Whilst more work remains to be done to elucidate the nature - 


of the non-crystallinity, the precise effects of water vapour and 
the influence of FeAIO, during the reduction””, it is clear that 
the degree of coordination of a surface Fe atom.in the catalyst, 
and the ‘apparently central tole assigned to XT faces, needs 
to be reconsideréd. 

Jf the main phase in the active promoted m is nuc pure 
elemental iron and impurities such as promoter additives or 

residual oxygen in a total concentration of ~1% permit the 
' formation of a disordered phase distinctly different from a 
material containing small particles of crystalline a Fe, many of 
the numerous other catalyst formulations previously discarded 
could, in appropriate conditions of preparation, turn out to be 
very efficient. 
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The importance of trace-element analysis in geological, biological, 
environmental and industrial processes has been increasingly rec- 
ognized. Although modern instrumental methods of analysis have 
been applied; preliminary enrichment techniques are required to 
separate the components to be determined from the interfering 
constituents of the sample” - For the separation of inorganic ions 
contained in natural waters, industrial fluids or dissolved solid 
materials, solvent extraction, sorption, ion exchange, precipitation 
and other methods have been used. However, techniques based on 
a two-phase distribution or on heterogeneous reactions often cause 
problems because, in contrast with homogeneous reactions, 
diffusion controlled processes must be used. Until now, no simple, 
rapid method has been available for the preconcentration and 
separation of metals in the homogeneous aqueous phase. Here we 
demonstrate a technique for the enrichment and separation of 
metals in aqueous solution using soluble non-crosslinked polymers 
with “chelating groups (polychelatogens)" called liquid-phase 


. polymer-based retention (LPR). 


A variety of water-soluble polymeric reagents with strong 
complexing properties have been synthesized and used, in com- 
bination with membrane filtration, to separate complex from 
non-complex metal ions in the homogeneous phase. The LPR 
method is based on the retention of metal ions by a membrane 
which separates. macromolecules from low relative molecular 


-mass compounds as the complexes form with the polymer from 


a sample solution. 

The experimental arrangement is outlined in Fig. 1. The system 
consists of the membrane filtration cell, containing the poly- 
chelatogen solution, to which the sample is added. For separ- 
ation and enrichment, the washing solution is passed to the cell 
from reservoir 1 under stirring. The filtrate contains all the metal 


-ions which are not retained as macromolecular complexes by 


the polymer reagent. Large volumes of very diluted samples are 
first enriched in respect to metals of interest by passing the 
solution from reservoir II to the much smaller volume of. cell 
solution. Thereafter, the additional separation process is carried 
out by adding washing fluid from reservoir I to remove non- 
bound metals from the cell. Ш 
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Fig. 1 The principle of metal separation with polychelatogens 
(from Chemische Fabrik Heyl) using membrane filtration. The 
sample solution is placed into the cell which contains an aqueous 
solution of polychelatogen (polymer reagent with chelating or 
other complexing groups). By adding the washing solution from 
reservoir I separation of metals is achieved by the selective retention 
of some of them in the retentate and the washing out of the others 
in the filtrate. Preconcentration of metals can be performed by 
passing the sample solution from reservoir II to the cell. The cell 
solution is then washed with the liquid from reservoir I. 


The ultrafiltration cell is fitted with membranes, which retain 
molecules of molecular mass fractions greater than 10,000 
(Berghof BM 10 or Amicon PM 10). Poly(ethyleneimine), 
poly(ethyleneimine-diacetic acid), poly(vinylpyrrolidone-co- 
vinylaminobutyric acid), poly(ethyleneimine-methylthiourea), 
and poly(acrylic-acid-co-allylthiourea) act as polychelatogens 
in the cell as 1% aqueous solutions’. The average molecular 
mass of the polymer reagents is in the range- 30,000- 
400,000 g mol"! (ref. 3). Capacity studies of the polychelatogens 
have been reported previously. The  unfunctionalized 
poly(ethyleneimine), for example, binds 0.6-2.4 mmol metal per 
g polymer depending on the pH. 

The initial concentration of metals in the cell solution (40 ml) 
or in reservoir II varies from 0.1 to 10 p.p.m.; the pH of the cell 
and reservoir-solutions are adjusted to the same value. The 
system is pressurized (300 kPa), the cell solution stirred for 5 min 
and then washed with the reservoir fluid at a flow rate of 
4-6 ml min !. The metal contents of filtrate fractions and cell 
solution are analysed by atomic absorption spectrometry. 
Other analytical methods in solution can be used, in principle, 
for metal analysis of the retentate; electroanalysis is also 
applicable*. 

The filtrate analysis data are used as the basis of the elution 
diagrams (Fig. 2) which show the metal concentration in the 
filtrate as a function of filtrate volume. If no metal can: be 
detected in any filtrate fraction, complete retention has been 
achieved. When there is no retention, elution curves are obtained 
which can be approximated by the dotted curve in Fig. 2b. That 
curve is described by the exponential function: 


C= Co e^ Vi/ Vo 


where С; denotes the concentration of metal in the filtrate, Co 
the initial metal concentration in the cell, V; and V, are the 
volumes of filtrate. 

We have investigated the retention and separation of several 
metals using different polychelatogens. Typical results are shown 
in Table 1 for Co, Ni, Zn, Cd and Cu. Metal retention showed 


Table 1 Retention of metal ions by poly(ethyleneimine) in the homo- 
geneous phase at different pH values 





Retention (96) 


pH Cot М7 72+  Cd* Cu Mg* Nat 
2.1 1.2 o1. 10 <01 83 — — 
32 163 213 05 07 >90 — — 
40 931 >90 — 9&1 >90 —  — 
53 2990 2990 >990 2990 2990 «01 «01 


Polymer concentration, 1%; initial metal concentration, 10 p.p.m.; 


filtrate volume was equal to 10 volumes of cell solution. 
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Fig. 2 Elution diagrams for some divalent metals separated by 

poly(ethyleneimine) using membrane filtration. Filtration quotient 

F 2 CqC$! is plotted against the ratio Z = V, V5! at pH 3.2 (а) 

and 5.3 (b); С, and V; Vo are concentration and volume of filtrate 

and cell respectively. Polymer concentration, 1%, C, = 10 p.p.m. 

Dotted curve, elution of an arbitrary metal which is not retained 

in the cell. 
a strong dependence on pH, experiments were, therefore, perfor- 
med at different pH values in the range 2-6. For example, >80% 
Cu was retained at pH 2.1 with V; — 10 V, (Table 1). Complete 
retention of Cu was achieved at pH 3.2, whereas the other four 
metals were washed out in the filtrate (Fig. 2a, Table 1). 

The elution profiles of the metals Ni, Zn, Cd and Co are 
similar to the theoretical curve in Fig. 2b. At higher pH values, 
these metals are retained completely by poly(ethyleneimine); 
thus, they can be separated from other elements not bound to 
the polymer. For example, Mg and Na ions, which do not form 
stable complexes with this polymer, are washed out even at pH 
5.3 (Table 1). | 

Other polychelatogens with different functional groups have 
proved to be effective for metal retention using membrane filtra- 
tion. Poly(ethyleneimine-diacetic acid) can retain 90% Cu at 
PH 2.2 and >99% at pH 5. At this pH value, Cu is also com- 
plexed effectively by the N-methylthiourea derivative of 
poly(ethyleneimine). Moreover, this reagent allows the quantita- 
tive retention of Cd and Hg. Using the copolymer of acrylic 
acid and N-allylthiourea, Hg is even retained at pH 1.9. 
Poly(vinylpyrrolidone-co-vinylaminobutyric acid) showed a 
lower retention tendency than do the other polychelatogens 
studied. 

To apply this procedure to the analysis of very diluted samples 
it is important to be able to preconcentrate the elements to be 
determined. The LCP technique allows preconcentration by 
using two reservoirs as depicted in Fig. 1. To demonstrate this, 
a model fluid containing metal ions and 3% of NaCl (concentra- 
tion in seawater) was passed from reservoir II to the cell. The 
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volume of the sample fluid was 10 times higher than that of the 
cell solution. | 

After 10-fold preconcentration, the cell solution was washed 
with distilled water from reservoir I. At a 10-fold volume of 
filtrate referred to the cell fluid >98% of Hg, Cd, and Cu were 
retained by  poly(ethyleneimine-methylthiourea), whereas 
poly(ethyleneimine) retained 75-95% of Cu, Ni, Zn, Cd and 
Cu. Note that the concentration of Na in the cell was as low as 
3-5 p.p.m. after the washing. This means that the Na concentra- 
tion decreased by 10* times and that a factor of 10° (relative 
preconcentration factor) for, the metals retained is achieved 
when taking into account the first preconcentration step 
(absolute preconcentration). Another absolute preconcentration 
step (up to one order) can be applied by reduction of the cell 
solution volume using conventional ultrafiltration. In addition, 
it is an advantage for the analysis that the sample can be handled 
in the homogeneous phase 

In conclusion, these polymeric reagents in combination with 
membrane filtration allow the enrichment and separation of 
trace elements іп the presence of comparable and large excess 
quantities of sample constituents which could interfere with 
subsequent analysis. 
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Reversals in the geomagnetic field, which occur every few hundred 
thousand years, represent a dramatic change in the Earth's environ- 
ment. Although there is no satisfactory theory for such reversals, 
it is generally accepted that the dipole field intensity decreases to 
<20% of its ‘normal’ value for a few thousand years during the 
change in direction’. Because the galactic and solar cosmic rays 
which impinge on the Earth's atmosphere are charged, a significant 
fraction (about half) of them are deflected by the geomagnetic 
field”. At the time of a reversal, this magnetic shielding is greatly 
reduced, and it has been suggested that the increased flux of 
high-energy particles could have effects on evolutionary? or cli- 
matic processes. For example, the statistically significant co- 
incidence in levels of some marine faunal extinctions and reversal 
boundaries in ocean sediments? could be caused, directly or 
indirectly, by the decreased geomagnetic intensity during the 
reversal. We report here evidence in marine sediments for an 
increase in cosmogenic !Ве production in the Earth's atmosphere 
during the Brunhes-Matuyama reversal 730,000 yr ago. In addi- 
tion to confirming an increase in cosmogenic isotope production, 
the results provide information on the magnitude and duration of 
the geomagnetic intensity decrease during sucli an event, and the 
depth at which remanent magnetism is acquired in marine sedi- 
ments. М 

In previous work, we found no significant evidence for 
increased '°Be (half-life 1.5 Myr) ata reversal boundary®. Among 
the explanations we gave for this negative result was that the 


LETTERS TONATURE | эв 





a 
о 


+40 


clination 
1 
N 
oo 





1060 1100 1140 1180 
Depth (cm) 


Fig. 1 a, Magnetic inclination; b, !?Be concentration; c, ?Be 
concentration; d, '^Be/?Be ratio as a function of depth in core 
| й V16-58. 


sedimentation rate af the core-studied (1.13 ст Куг!) was not 
high enough to retain a significant signal. We have thus looked 
at a core having a sedimentation rate of —2.5 cm Куг !. This 
core, V16-58, was taken at 46°30' $, 31°16’ E at a depth of 4,731 m. 
The material near the reversal zone is mostly diatomaceous lutite 
with thin interspersed layers of calcareous ooze’. The identifica- 
tion of the reversal level at ~1,129 cm as the Brunhes~Matuyama 
boundary, and the estimation of the sedimentation rate at this 
level are based on the biostratigraphy of Hays’, with more recent 
studies putting the 425,000-yr extinction level of the radiolarian 
Stylatractus universus® at 420 cm (J. Morley, personal communi- 
cation). The top part of the core has apparently suffered from 
a reduced sedimentation rate, hiatus or erosion. 

Initial magnetic measurements, indicating a reversal level at 
~1,129 cm, as shown in Fig. 1, were carried out using procedures 
described in ref. 9. After the "Be results became available, the 
core was resampled and'the position of the reversal confirmed. 
A more detailed palaeomagnetic investigation around the 
reversal level is now in progress. . 

For the Be measurements, samples of 0.3-1 g were dissolved 
in the presence of 0.5 mg of °Be carrier, and chemical purification 
carried out as described earlier. The "Be measurements were 
made on a Tandetron accelerator mass spectrometer facility, 
using the procedure described in ref. 10. Several thousand !%Ве. 
events were recorded for each sample, and the estimated uncer- 
tainties are due to instrumental variations, as deduced from 
replicate measurements of standards'?. The results are shown 
in Fig. 1. The low value at 1,120 cm during the initial series of 
measurements was sa surprising that we processed and measured 
a second portion of the same sample. The good agreement 
between the two results both confirms the low value for this 
sample, and gives us added confidence that our assigned uncer- 
tainties are realistic. ` 

As сап be seen in Fig. 1, the !'Ве concentration increases 
by a factor of ~2 for samples near the reversal level. Before 
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ascribing this to a production increase, it is useful to Consider 
other possible factors which could effect a change in '°Be con- 
centrations. For example, a change in the biological produc- 
tivity, possibly associated with the reversal, could give rise to a 
variable biogenic component (opal or calcium carbonate) in the 
sediments; this would probably give a variable dilution of the 


Be. Another possibility is that some change in environmental - 


conditions might lead to an ‘enrichment’ of beryllium compared 
with other components in the sediment. To examine these 
alternatives, we have measured the stable isotope Be over the 
same interval as the ‘Ве. The ?Be was measured by flameless 
atomic absorption spectrometry. Uncertainties in the ?Be 
concentrations are estimated from the reproducibility of the 
measurements (in all cases except one, the results are the average 


of at least two determinations). The decision to measure ?Be - 


was made after the completion of, the !?Be measurements. 
Unfortunately, this meant we did not have material remaining 
for some of the levels, including the critical minimum at 
1,120 cm, in which '°Be had been determined. 

Although there are variations in the measured ?Be, these do 
not parallel those of '°Be. In fact, the '^Be/?Be ratio, also given 
in Fig. 1, shows a peak similar to !°Ве alone. Unfortunately, 
this normalization may not be completely satisfactory. Although 
the oceanic geochemistry of ?Be is still poorly known, we 
believe!?, contrary to Measures and Edmond'*"*, that a sig- 
nificant fraction of ?Be may be deposited in marine sediments 
without coming to equilibrium with '°Be. In such a case, the 
?Be would be an imperfect tracer for Be, although it still should 
compensate for a variable biogenic component. 

While the '?Be/?Be evidence strongly supports the interpreta- 
tion of the observed increase of !°Be concentration as being due 


to increased production, it is not necessarily a better monitor- 


of Be production variations. However, because of ће similarity 
in the two curves (except for the minimum at 1,120 cm), the 
conclusions that follow are relatively insensitive to which one 
is used. 

We also note that both Ве concentration and '?Be/?Be are 
of potential interest as dating tools'!*, The strong variation in 
these parameters observed here demonstrates that caution must 
be exercised when dating by such procedures near reversal levels. 
In a preliminary study, Ku et al? have also observed a high 
‘Be concentration in a single sample near the Brunhes- 
Matuyama reversal level. However, they also found an abnor- 
mally low concentration in a sample nearby, so the origin of 
their variations is not clear. 

The Be (or '°Be/*Be) signal is not expected to reflect directly 
the geomagnetic palaeointensity profile for two reasons. First, 
the effect of the magnetic field on production rate is a function 
of geomagnetic latitude”. The degree to which mixing in the 
atmosphere and the ocean average out this variation is not yet 
established. However, the mid-latitude location of V16-58, in a 
region of significant input of stratospheric aerosols, means that 
its sediment probably should reflect a reasonably ‘average’ pro- 
duction effect. Second, once the Be is incorporated in the 
sediment, it is subject to mixing processes by benthic organisms. 
To illustrate the potential effect of this bioturbation, we adopt 
a model’® in which the sediment is assumed to be completely 
homogenized over a given depth, called the mixed layer, with 
no mixing below this depth. A more sophisticated model has 
been proposed which treats the mixing process explicitly by 
diffusion". However, we do not have independent information 
on the appropriate diffusion constant for this core. For diffusion 
constants 2100 cm? Куг! the uniform mixing assumption is а 
good approximation to the diffusion model. 

Adopting a mixed-layer thickness of 10 cm, we calculated 
output profiles for several different assumed input profiles. 
Figure 2 shows an example of one of these which fits the observed 
?Be profile reasonably well. As can be seen in Fig. 2, the 
bioturbation has three effects. It attenuates the maximum 
increase in production rate; it tends to smooth out rapid vari- 
ations; and it moves the !°Ве levels down by approximately the 
assumed mixing depth. 
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Fig. 2 a, Assumed '°Be production rate profile; b, solid curve is 

calculated signal in sediment, using the bioturbation model 

described in the text, with a mixing depth of 10 ст. Points are 
experimental data from Fig. 1. 


The input profile of Fig. 2 is, of course, not unique; and others 
which fit the experimental data equally well, or better, could be 
found. However, we do have some constraints. First, the 


- maximum increase in production during the reversal cannot be 


significantly larger than the factor of 3 we have chosen, which 
corresponds essentially to a zero-intensity magnetic field?. 
Second, the total area under the input and observed curves must 
be the same. Thus, the input function in Fig. 2 should represent 
at least the major features of the actual production curve. In 
particular, the mean duration for the production increase (and 
thus magnetic intensity decrease) should be approximately cor- 
rect. As сап be seen in Fig. 1, the interval of increased Be is 
significantly longer than the time taken for the reversal of inclina- 
tion. Such a result is consistent with other evidence which 
suggests that the geomagnetic field intensity is low before and 
after the change in inclination'!?, From Fig. 1, the interval of 
increased production is —30-60 cm, depending on what level 
of increase is chosen. Assuming a sedimentation rate of 
2.5 ст Куг !, this interval corresponds to ~12,000-24,000 yr; 
this is similar to the time interval for the decreased magnetic 
field at another reversal, as estimated in ref. 18. 

As can be seen in Fig. 2, the minimum at 1,120 cm implies a 
very significant decrease in production. However, the magnitude 
and duration of this decrease are obviously very strongly depen- 
dent on the parameters of the bioturbation model used. Thus, 
even if this decrease is due to an increased field intensity, the 
quantitative nature of the required change remains uncertain. 
It is interesting, however, that other authors have also found 
evidence for high intensities midway through reversals”? More 
definite conclusions along these lines will necessitate more 
detailed !°Ве and palaeomagnetic profiles, comparison between 
several cores and more reliable bioturbation modelling. With 
regard to the latter, although the bioturbation depth used here 
is fairly typical!*!", we wonder whether it can be reconciled 
with the rather abrupt variations seen in ?Be, °Be and calcium 
carbonate, over intervals as small as 5 cm. Piseas has recently 
made the same point regarding oxygen-isotope profiles in other 
cores?!, Reduced bioturbation would mean that the actual "Be 


NATURE VOL 315 23 MAY 1985 L 





production profile would approach more closely the observed 
Be profile. 

As we have discussed earlier®, the location of the !°Ве — 
compared with the reversal level can also provide information 
on the depth at which remanent magnetization is acquired in 
marine cores. In the present case, it can be observed that the 

midpoint in the !?Be peak is ~10 ст above the-change in 
magnetic inclination (or ~15 cm if we use the input profile of 
. Fig. 2). Neglecting the residence time of Be in the ocean” 

` and assuming that the !Ве midpoint corresponds to the change 
iri direction, this would indicate that the magnetic remanence 
was ‘locked in’ at a depth of —10-15 cm in the sediment (or 
slightly more, allowing for later compaction). This is consistent 


with the idea that the magnetic remanence is acquired at the 


base of the bioturbation zone. 

We have presented the first direct evidence for increased 
cosmic ray radiation in the Earth's atmosphere during a geomag- 
netic reversal. Making some reasonable assumptions, the data 
also allow one to deduce significant information on the magni- 
tude and duration of the magnetic intensity decrease during a 


reversal, and the depth at which detrital magnetic remanence . 


is acquired in a marine sediment. It will be interesting to pursue 
this type of study at other reversal boundaries to determine 
whether there are significant differences in their intensity pro- 
` files, and, if so, whether they could be correlated with other 
features such as the severity of faunal extinctioris. This work 
also demonstrates that Be should be a potentially powerful 
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tool for testing the global nature of various geomagnetic 'excur- 
sions’ that have been observed during the Brunhes epoch”. 
We thank D. Deboffle and J. Lestringuez for technical assist- 
ance, and J. Hays for originally suggesting core V16-58 for this 
work. Palaeomagnetic measurements were supported by NSF 
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Precisely dated oak (Quercus petraea Liebl. and Q. robur L. and 
- their hybrids) tree-ring chronologies that show consistent cross- 
dating from Germany to England to Ireland’ have been labelled 


Type Н?. In contrast, there have been difficulties in specifying the 


exact date ranges of-some oak chronologies (termed Type А)? 
constructed from art-historical timbers in England^ and the 
Netherlands*", It has been-asserted that the oak planks and boards 
used in the English .art-historical chronologies derived from 
England and Flanders?*. The failure of these chronologies to date 
uniquely against Type H chronologies from the British Isles has 
led to suggestions that the timbers were imports, probably from 
the Baltic area’? , views supported by historical evidence'?!!, It 


has also been suggested that the dating procedure used for these: 


chronologies has an element of circularity which could result in 
an erroneous placement of the chronologies, going undetected’. 
Evidence is presented here which indicates that the art-historical 
chronologies have been incorrectly dated, that they represent 
imports into England and Flanders and that failure to take account 
of exotic origins has led to the use of unsuitable estimates for 
missing sapwood. 

In 1975, information on cold winters in the fifteenth century 
was derived from a section of art-historical oak tree-ring 
chronology, MC18, dated’? to AD 1234-1550. This section of 
chronology had originally been designated* to the years 1230- 
1546 and subsequently reference chronologies related to MC18 
(designated Refsi-4) were ‘returned to this same ‘1546’ 
: dating®*'* These chronologies, all >270 yr in length, form an 
internally consistent group covering the period from the early 


area о! 
art-historical 
material 








Fig. 1 Mean 't' values for the nine art-historical chronologies 

compared with 11 available Type Н chronologies as in Table 1с, 

with the Type A chronologies in the 4-yr-forward or ‘1550’ position. 
©, The source of the Finnish oak sapwood values. 


twelfth to the early seventeenth centuries. At other times Refs1-4 
have been moved 1-yr-back, equivalent to a ‘1545’ dating®*>'° 
of MC18. The possibility of a circular argument in the dating 
of these art-historical chronologies has recently been discussed 
in an,article which also gives documentary evidence for importa- 
tion of oak planks and boards into England and Flanders from 
the Baltic during the later Middle Ages!”. Since that publication, - 
three new pieces of evidence relevant to these Type A 
chronologies have become available. 

First, one of us (J.H.) acquired some medieval timbers from 
excavations at Ipswich. The mean ring pattern of three timbers 
was found to span the years AD 1128-1293 by cross-dating 
against the established, and absolutely dated, German Type H 
(after Huber’) chronologies of Eckstein (personal communica- 
tion) and Delorme’’. The correlation values between the Ipswich 
mean ring-pattern and these two chronologies, obtained using 
the Belfast CROS program", were ‘t’ = 7.2 and ‘= 4.1 respec- 
tively for overlaps of 166 yr (normally ‘t’ values >3.5 in associ- 
ation with overlaps of more than 100 yr are regarded as sig- 
nificant indicators of a likely tree-ring match). No significant 
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correlations could be found with any of the existing British Isles 
Type H oak chronologies. However, when this Ipswich ring- 
pattern was compared with the Ref4 Type A chronology?, a 
significant correlation value (‘t?=5.3, overlap 166yr) was 
obtained with Ref4 ending not in AD 1399 as published, but in 
1403, that is, „equivalent to the 4-yr-forward or ‘1550’ dating 
used in 1975? 

Almost immediately an exactly analogous situation was found 
by another one of us (M.B.). The mean ring pattern of two 
boards from a seventeenth-century painting of St Matthew was 
dated to the years AD 1326-1625 against the Type H German 
chronologies of Hollstein!? and Becker” with ‘r’ = 10.6 and 11.3 
for overlaps of 300 yr in each case. When' compared with the 
published Type A chronologies, significant correlation values 
were obtained at the *1550' position (‘t 5.1 for Ref3, ‘ 24.6 
for Ref2 with overlaps of 270 and 246 yr respectively). 

Following these results, we re-examined the dating of the 
Type A chronologies. Most workers outside the art-historical 
field had assumed that more persuasive evidence must exist for 
the ‘1545’ and ‘1546’ chronology placements than for the ‘1550’ 
placement and that all of the possibilities would have been 
explored by the art-historical workers. Table 1 shows the correla- 
tions obtained for all of the available Type A chronologies, 
namely MC18*, Refs1-4? and variants NewRefl, NewRef2/3 
and Ref2/3/5 (J. M. Fletcher, personal communication), when 
compared with the published Type Н chronologies from Göttin- 
gen’, Hamburg (ref. 21 and D. Eckstein, personal communica- 
tion), South Germany”°, West Germany”, Belfast”, Scotland”, 
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Giertz?^, northern France (J. R. Pilcher, personal communica- 
tion), English MC10 (J. M. Fletcher, personal communication), 
Sheffield? and Dublin” at the ‘1545’, ‘1546’ and ‘1550’ positions. 

Consistent with the Type A dating suggested by the Ipswich 
and St Matthew examples above, there is strong correlation 
between the Type A chronologies and the principal published 
German Type Н chronologies at the ‘1550’ position. There is 
much less agreement with chronologies from the British Isles 
at this position. There is no consistent agreement with the Type 
A chronologies placed at the ‘1545’ or ‘1546’ positions. Figure 
1 shows how, at the ‘1550’ placement, the mean correlation 
values for the Type A chronologies increase as they are compared 
with more easterly chronologies. The values are not high enough 
to'support an origin for the art-historical timbers within Ger- 
many (see, for example, the correlations obtained for the St 
Matthew boards) but they clearly indicate a likely origin to the 
east of the German chronologies. This would be consistent with 
an eastern Baltic origin which has been suggested on historical 
grounds". 

But why has this level of consistent correlation (against pub- 
lished chronologies) which indicates a '1550' dating been 
ignored and why was this same dating, used’? in 1975, overrid- 
den? It is referred to as being “discarded on account of poor 
visual agreement” and elsewhere the temporary use of the ‘1550’ 
position is accounted шг by a “4-уг periodicity in our oak 
chronology". 

In a ‘1550’ re-dating of the art-historical chronologies, the 
time left between the last heartwood rings of surviving ring 


Table 1 Correlation values obtained using the Belfast CROS program!? for comparisons of nine art-historical chronology variants with precisely 


а 1-yr-back *1545" position 


MC18 Ref1 Ref2 
Gottingen 0.0 00 00 
Hamburg 0.0 0.0 0.0 
S. Germany 0.0 0.0 0.0 
W. Germany 0.0 0.0 0.1 
Belfast 10 2.7 15 
Scotland 0.0 0.7 1.1 
N. France 03 1.0 2.0 
England/ Wales 0.4 1.0 3.3 
Sheffield 0.0 0.6 1.5 
MC10 00 0.6 15 
Dublin 04 10 14 

b ‘1546’ position 
Gottingen 0.5 0.4 01 
Hamburg 1.0 1.7 1.0 
S. Germany 2.1 1.8 13 
W. Germany 0.7 10 1.4 
Belfast 13. 0.5 0.0 
Scotland 0.1 0.0 00 
N France 2.2 17 0.3 
England/ Wales , 00 0.0 00 ` 
Sheffield 0.0 0.0 00 
MC10 00 0.0 0.0 
Dublin 0.0 0.0 0.0 
€ 4-yr-forward ‘1550’ position 

Gottingen 33 1.8 45 
Hamburg 3.4 2:7 27 
S. Germany 32 2.0 | 4.2 
W. Germany 2.2 2.0 27 
Belfast 3.0 15 11 
Scotland 1.8 2.2 0.0 
N. France 0.0 0.5 2.0, 
England/ Wales 12 20 03 
Sheffield 0.7 18 03 
МС10 1.3 1.6 0.4 
Dublin 0.0 0.3 0.0 


dated Type H chronologies 


Ref New New Ref 

Ref4 1234 Refl Ref2/3 2/3/5 Mean 
14 00 00 0.0 0.0 0.2 
02 0.0 ' 0.0 00 0.0 0.0 
13 02 0.0 11 08 04 
1.9 14 0.0 14 13 08 

0.5 1.4 1.8 1.8 2.4 1.5- 
0.0 00 0.0 01 1.4 04 
1.2* 1.4 0.1 1.6 1.6 1.1 
T 2.1 0.7 2.4 2.2 17 
t 1.1 0.0 1.1 0.3 0.7 
1 1.9 02 21 1.2 1.3 
Т 1.7 0.1 2.1 1.4 1.2 
2.2 1.7 1.4 0.0 07 0.8 
2.9 2.5 2.0 0.1 1.1 1.4 
3.8 32 25 0.0 13° 1.9 
2.3 L5 1.4 0.0 0.6 1.0 
0.5 1.2 0.5 0.8 11 0.7 
0.6 0.0 0.0 0.0 0.0 0.1 
1.1* 08 24 00 00. 1.0 
t 0.0 0.1 00 0.0 0.0 
t 0.0 0.0 0.0 0.0 00 
t 00 0.0 0.0 0.0 0.0 
T 0.0 00 00 0.0 00 
3.7 5.3 3.3 42 61 4.1 
4.8 5.9 3.5 2.8 5.6 3.8 
2.6 48 28 4.0 3.4 35 
24 4.1 2.4 35 32 30 
1.3 32. 1.3 4.6 33 2.5 
36 -4.0 1.7 1.0 27 2.1 
0 0* 16 01 10 2.0 10 
t 2.2 1.5 11 1.9 14 
t 10. 0.7 0.6 0.1 0.7 
t 10 0.8 0.8 1.6 1.0 
t 0.0 0.0 00 0.0 0.0 


Ref*1234" is the mean of the published? Refs1-4. 0.0 indicates zero or negative correlation 
* An overlap of «130 yr. t An overlap of «65 yr. All other overlaps are 7160 yr. a, With the art-historical chronologies at the ' 4545" position, 5 


at '1546' and c at ‘1550’. 
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Fig. 2 Frequency- of sapwood numbers in oaks from: a, 
England!*®; b, West Germany? ; c, Finland. 


patterns and the use dates for 'known age' paintings is shortened 
by 4 уг. In one of the examples used by Fletcher et al^ (Thomas, 
second Baron Wentworth; painted 1568), the ‘1550’ chronology 
placement leaves only 20 yr between its last heartwood ring and 
1568. This period has to account for both sapwood and seasoning 
factors.'In the case of the First-Viscount-Montague panel 
(painted 1569) only 15 yr are left to account for possible missing 
heartwood, missing sapwood and seasoning. Such intervals 
would be unacceptably short for English panels given the num- 
bers of sapwood rings observed on modern English oaks!??* 
and it may have been the erroneous belief in an English origin 
for the panels which made the possible ‘1550’ dating unaccept- 
able. 

If our revised dating is accepted, it suggests that the number 
of oak sapwood rings in the area from which the panels derived 
must have been less than the numbers normally accepted in 
England. Sapwood on mature oaks tends to be shorter in Western 
Germany? and substantially shorter for Roman (mean 18, range 
11-27) and Dark Age (mean 17, range 11-21) oaks in South 
Germany??? We now have evidence for oaks from the eastern 
Baltic as the result of field work by members of the University 
of East Anglia. Climatic Research Unit in 1984. The samples are 
60 cores from 49 trees from two sites in southwestern Finland— 
Ruissalo and Solbole (all trees were Q. robur). The mean number 
of sapwood rings is 13.9 with a standard deviation of 3.2 and 
values range from 7 to 24. All trees were >120 yr in age. The 
mean number of sapwood rings from the Finnish sites is sig- 
nificantly smaller than the English sapwood. values at the 
P «0.0001 level (Fig. 2). 

These results suggest that: (1) an eastern Baltic origin for the 
art-historical chronologies as suggested on historical grounds; 
(2) a movement of the art-historical chronologies forward to a 

' *1550' placement; and (3) a very short sapwood interval are all 
compatible. When vindicated by subsequent work on Polish or 
Lithuanian timbers, these results make it inevitable that all of 
the art-historical datings derived using the ‘1545’ or *1546° 
chronology placements, and the specifically tailored sapwood 
estimates favoured by some workers'^?!, will have to be revised. 
If the German art-historical dendrochronologists favour a ‘1548’ 
chronology placement for their equivalent Netherlands II 
chronology’, then all their dates. will move forward in time by 
2 уг. However, their estimated felling dates may have to be 
additionally revised in the light of the very.short Baltic рон 
observations above. 

We thank Dr Martin Munro for discussion. Field work in 
Finland was funded by EEC grant CL.111.UK(H). 
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There is great variation in the age at which females of different 
mammalian species first breed. Recent comparative analyses have 
focused on the relationship between age at first reproduction and 
body size’~*; but differences in patterns of mortality experienced 
by natural populations are expected to have major effects on 
selection for age at first reproduction’* ^, Here we show that the 
age at which females first reproduce is strongly correlated with 
expectation of life at birth, after the effects of body size have been 
removed, within and among species of mammals living in natural 
populations, 

Some shrews give birth when they are only 7 weeks old", 
whereas female African elephants produce their first offspring 
; such differences in age at first 
reproduction are highly correlated with the species’ differences . 
in body size':?®°, suggesting that the time required to grow to 
adult size determines the age at which mammals become sexually 
mature”*, Consistent with this idea, the timing of many physio- 
logical and reproductive processes (for example, cardiac cycle 
time and maximum recorded lifespan) scale i in similar "n with 
body size, approximately to the 0.25 power^? 

However, body size might be a confounding factor | in the 
sense that it influences one variable which in turn influences 
some other variable; both variables would then be correlated 
with body size. For example, species with high rates of mortality 
in the wild might be selected to mature earlier than those which 
are long-lived, but rates of mortality might be influenced by 
body size (larger species can defend themselves against preda- 
tors more effectively and they can survive for longer periods 
without food$). Data are now available on mortality patterns, 
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body sizes and age at first reproduction of females for 29 
mammal species (representing 25 genera and 6 orders) from 
natural populations with stable age distributions’. The species 
range in weight from 20 g to 4,000 kg. In addition, equivalent 
data are available from six populations of.a further species, the 
Columbian ground squirrel; Spermophilus columbianus!9-?, 
These data can be used to test the hypothesis that differences 
in patterns of mortality are correlated with the ages of the females 
at first reproduction. 

Six of the species in the sample belonged to two genera 
(Spermophilus and Peromyscus) and, to reduce taxonomic bias, 
analyses were performed at the generic level (that is, on thé 


averages of logarithmically transformed congeneric species’ - 


values). All variables were logarithmically transformed before 
analysis. As a summary measure of mortality, we have used 
Millar and Zammuto's!" estimates of mean life expectancy at 
birth in years (a comparison of the use of this versus other 
measures will be presented elsewhere). Genera, with low mor- 
tality have a high expectation of life at birth. The correlation 
between age of females at first reproduction and life expectancy 
at birth is high and positive (r 0.976, n = 25, P «: 0.001). This 
correlation, however, might result from independent correla- 
tions of each variable with body size, but this seems not to be 
the case since the two variables are more highly correlated with 
each other (г = 0.976) than either is with body size (г = 0.894 
and 0.873 respectively, n — 25 in both cases), and they remain 
highly correlated after the effects of body size have been removed 
by partial correlation (ғ = 0.892, n = 25, P < 0.001). The latter 
relationship means that mammals with an unexpectedly long 
lifespan (relative to body size) start reproducing relatively late 
(again relative to body size). The relationship is demonstrated 
graphically in Fig. 1—note the taxonomic spread. Genera from 
each of the two best-represented orders, the Artiodactyla and 
the Rodentia, cover most of the ranges of relative age at first 
reproduction and relative life expectancy. The removal of size 
effects is also evident: values for squirrels lie near that for the 
elephant, and the value for mice near that for the warthog. A 
positive partial correlation between age at first reproduction and 
life expectancy at birth, with the effects of body size removed, 
also holds among populations of the Columbian ground squirrel 
(r 20.874, n =6, P =0.05). 

Probably as a consequence of constraints imposed by season- 
ality, seven of the genera in the cross-species sample mature as 
1-yr-olds (ranging in weight from the 0.1-kg Tamias to the 7.5-kg 
Lynx). When the analysis is repeated without these genera, the 
correlation between age at first reproduction and life expectancy 
(with body size effects removed) remains high and significant 
(т = 0.836, n = 17, P « 0.001). Of course, differences in body size 
may still influence age at first reproduction. Elephants could 
not mature and produce offspring in the few weeks that it takes 
shrews or mice to mature and, indeed, the partial correlation 
between age at first reproduction and body size with the effects 


of life expectancy removed is positive, though barely significant - 


(r — 0.390, n —25, P « 0.1). 

To test for the possibility that gestation length, litter size, 
neonatal weight or litter weight was ultimately responsible for 
the correlation between age at first reproduction and life expec- 
tancy, data on these variables for the species in the sample were 
extracted from the literature^"7?*, and the effect of each new 
variable was removed by partial correlation. With the effect of 
each variable removed, in no instance did the correlation 
between age at first reproduction and life expectancy fall below 
0.9. 

The positive relationship between age at first reproduction 
and expectation of life at birth, after removal of the effects of 
body size, calls for an explanation in terms of the costs and 
benefits of reproduction at different ages. Perhaps the most 
straightforward interpretation is that each bout of reproduction 
reduces subsequent reproductive success (either by further 
increasing mortality or by decreasing fecundity), and that older 
mothers produce larger litters (and/or more viable offspring) 
than do younger mothers. As life expectancy at birth decreases 
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Fig. 1 Relative age at first reproduction plotted against relative 
life expectancy at birth for natural populations of mammals. Rela- 
tive values refer to deviations from logarithmic regression lines of 
age at females’ first breeding, or expectation of life at birth, on 
adult female body size. Numbers refer to different mammalian 
genera. Artiodactyla: 1, Syncerus (buffalo); 2, Hippopotamus; 3, 
Aepyceros (impala); 4, Sus (pig); 5, Cervus (deer); 6, Ovis (sheep); 
7, Hemitragus (tahr); 8, Phacochoerus (warthog); 9, Kobus (kob); 
10, Connochaetes (gnu). Carnivora: 11, Taxidea (American 
badger); 12, Lynx; 13, Lutra (river otter); 14, Mephitis (skunk). 
Lagomorpha: 15, Sylvilagus (cottontail rabbit); 16, Ochotona 
(pika). Perissodactyla: 17, Equus (zebra). Proboscidea: 18, 
Loxodonta (African elephant). Rodentia: 19, Castor (beaver); 20, 
Tamas (chipmunk); 21, Spermophilus (ground squirrel); 22, 
Sciurus (grey squirrel); 23, Clethrionomys (vole); 24, Tamiasciurus 
(red squirrel); 25, Peromyscus (mouse). 


under such circumstances, selection will favour maturation at 


- earlier ages. (This interpretation may also be consistent with an 


apparently similar relationship, pointed out by Lack, between 
age at first reproduction and patterns of mortality among families 
of birds.) At a more proximate level, nutrition levels may 
influence the correlations. High nutrition levels can result in 
early maturation??? and decreased lifespan” within and among 
mammal! species, for example, Columbian ground squirrel popu- 
lations mature earlier and have shorter life expectancies when 
natural food resources are more abundant!*?, 

We thank J. Levinton, R. D. Martin, T. H. Clutton-Brock, J. 
Seger, J. Gittleman and R. M. May for advice and discussion, 
and the Toronto Zoo for data on the neonatal weight of Hemi- 
tragus. P.H.H. thanks the members of the Department of Biology 
at Princeton University for discussions, and for their financial 
support through Princeton's 3W training grant scheme. ' 


Received 16 January; accepted 12 March 1985 


Millar, J S. Evolution 31, 370-386 (1977) 
Western, D. Afr J Ecol. 17, 185-204 (1979) | 
Millar, J S Evolution 35, 1149-1163 (1981) 
Western, D & Ssemakula, J Oecologia 54, 281-290 (1982) 
Stearns, S C Oikos 41, 173-187 (1983) 
Clutton-Brock, T Н & Harvey, Р J. in Advances m the Study of Mammalian Behavior (eds 
Eisenberg, J Е. & Kleiman, D G ) 632-663 (American Society of Mammalogists, 1983) 
7 Willner, L & Martin, К D Symp Soc. Study hum Biol. 24 (in the press) 
8 Calder, W J III Size, Function and Life History (Harvard University Press, 1984) 
9 Harvey, P Н & Clutton-Brock, T Н Evolution (in the press) 
10 Gadgtl,M & Bossert, W Н Am Nat 104, 1-24 (1970) 
11 Wiley, R H Q Rev Biol 104, 1-24 (1970) 
12 Wiley, R Н. Am Nat 108, 705-709 (1974) 
13 Bell, G Am Nat 110, 57-77 (1976) 
14 Charlesworth, В Evolution in Age-Structured Populations (Cambridge University Press, 
1980) 
15 Pearson, О Р Am J Anat. 75, 39-93 (1944) 
16 Laws, R M E Afr Wildlife J 4, 1-37 (1966) 
17 Millar, J S & Zammuto, R. M Ecology 64, 631-635 (1983) 
18 Zammuto, R M & Millar, J $ Ecology (in the press) 
19 Zammuto, R M. thesis, Univ Western Ontario (1983) 
20 Mace, G M thesis, Univ Sussex (1979) 
21 Eisenberg, J The Mammalian Radiations (Chicago University Press, 1981) 
22 Walker, E P Mammals of the World 4th edn (Johns Hopkins University Press, 1983). 
23 Gitleman, J L thesis, Univ Sussex (1984) I 
24 Sacher, G A & Staffeldt, E. F Am Nat 108, 593-616 (1974) 
25 Lack, D | Ecological Adaptations for Breeding in Birds (Methuen, London, 1968) 
26 Frisch, R E. Biol Rev 59, 161-188 (1984) 
27 Dobson, Е S thesis, Univ Michigan (1984) 
28 Kohn, R К. Principles of Mammalian Aging (Prentice-Hall, Englewood Cliffs, New Jersey, 
1978). 2 


Oc tf^ B оюк 
















NATURE VOL 315 23 MAY 1985 LETTERSTO NATURE 321 
An antiemetic is antidotal to 120 
the satiety effects of cholecystokinin —— — |]9"eseee 9 т... 
| 100 

Beth О. Moore & J. А. Deutsch E 

= 60 Antiemetic-CCK 
Department of Psychology, University of California, San Diego, S 
San Diego, California 92093, USA > 

з= 60 

i Saline-CCK 

Although cholecystokinin (CCK) has been proposed as a satiety 40 
agent ^, this property has been disputed by some who claim that 
the compound exerts its *satiety" effects by inducing aversion” 5 10 20 40 
We considered that if CCK-induced reductions in food intake CCK dose (IDU) 
occur through the mechanism of normal satiety, CCK-induced Fig. 1 Per cent mean intake (s.e.m ) of oil emulsion under four 


satiety and normal satiety should respond in the same way to a 
pharmacological challenge. We demonstrate here that the 
administration of an antiemetic to rats significantly attenuates the 
food intake reduction caused by exogenously administered CCK 
but does not increase normal consumption. The effects of 
endogenous CCK are therefore quite different from those of 
exogenous CCK, making any previous study equating exogenous 
CCK effects with natural satiety problematic. 

Ninety-eight male Wistar rats (300-450 g) were housed and 
tested in individual wire mesh cages and maintained on a 12-h 
light/dark cycle. Tap water was available ad libitum and a 
maintenance diet of Purina rat chow was available for 2 h each 
day, beginning at 17.00 h. The rats were trained to drink a 1:1 
Mazola corn oil/ water solution emulsified with 1% lecithin (a 
diet expected to stimulate endogenous CCK release’) for 30 
min each day after a 17-h period of food deprivation and were 
habituated to receive intraperitoneal (i.p.) injections of physio- 
logical saline. Rats were then assigned to one of four conditions 
matched by mean intake and standard deviation—saline-saline 
(S-S), antiemetic-saline (A-S), antiemetic- CCK (A-CCK) and 
saline-CCK (S-CCK). Each rat received two injections and was 
then given the emulsion to drink for the usual 30 min. The first 
drug for each group was given 30 min before the rat received 
his oil and the second drug immediately before oil presentation. 
The saline-treated rats received 0.996 saline solution (1 ml per 
kg, i.p.) and the antiemetic- treated rats received trimethobenz- 
amide (5 mg ml"! per kg, i.p.). (This drug and dose was used by 
Coil et al? to show that antiemetics could be used to attenuate 
LiCl-induced aversions. Trimethobenzamide is an antiemetic 
which acts specifically on the chemoreceptor trigger zone and 
has been shown to be useful in alleviating nausea in humans.) 
Cholecystokinin octapeptide — (Sincalide; Squibb) was 
administered i.p. at 5, 10, 20 or 40 Ivy dog units (IDU) per ml 
per kg. 

The different CCK doses were tested in three successive sets 
of new naive rats, the initial oil and saline injection training 
being the same for each set. In the first set, after oil intake 
stabilization, 28 rats were divided equally into the four condi- 
tions, with the CCK rats receiving a dose of 20 IDU per ml per 
kg i.p.; in the second set, another 28 rats received CCK at 


10 IDU per ml per kg, and in the final set, the extreme CCK 


doses (5 and 40 IDU) were given to one S-S group and one 
A-S group (n — 42). (Because the S-S and A-S controls were 
so stable in the previous two sets, only one S-S and one A-S 
control (seven rats in each) was run for each of the two CCK 
doses.) 

One score was obtained for each rat by comparing the percen- 
tage consumpion on the experimental day with the mean con- 
sumption for the previous 3 days. Per cent mean intake scores 
were used rather than absolute intake scores, to minimize any 
potential differences in average drinking between the three sets 
of this experiment. The day of the experimental manipulation 
and the group of animals chosen for each set had no significant 
effect on the results. For the two control conditions (S-S and 
A-S), there was no significant difference in intake from one run 
to the next. An analysis of variance showed that the per cent 
mean intake between sets was not significantly different (Е = 


conditions of drug injections: saline-saline, antiemetic-saline, 
antiemetic- CCK and saline-CCK. The control S-S scores and the 
control A-S scores are pooled and are represented as dotted lines. 


0.49, d.f.=2,36, Р> 0.05). Furthermore, individual t-tests 
between an S-S and any other S-S condition and t-tests between 
an A-S and any other A-S condition showed no significant 
differences. 

The pooled S-S group (from all three sets) consumed 108.196 
of its normal amount on the experimental day (Fig. 1) and the 
pooled A-S group consumed 94.5% of its normal amount. 
Whereas neither the S-S group nor the A-S group showed 
significantly different consumption from normal (respectively 
{= 1.30, п =21, Р> 0.05 and t= 1.30, n = 21, P 0.05), the А-5 
group showed marginally lower consumption than the S-S group 
(F =3.21, d.f. — 1, 36, P « 0.05, one-tailed only). The antiemetic 
therefore did not increase normal consumption and, if anything, 
slightly reduced it. 

The antiemetic attenuated the effect of CCK, results with the 
A-CCK group being significantly different from those of the 
S-CCK group (F = 14.7, d.f. — 1, 48, Р « 0.001). The antiemetic 
(A-CCK) scores were higher than the saline (S-CCK) scores 
for all doses of CCK administered. Furthermore, whereas con- 
sumption in the S-CCK groups was always significantly different 
from their control (S-S) (1=4.90, d.f. = 12, P «0.001 for 40; 
1=4.01, d.f.—12, P «0.01 for 20; 12.84, d.f.=12, P «0.05 
for 10; t=2.59, d.f.=12, P «0.05 for 5), that in the A-CCK 
groups was significantly different from their control (A-S) only 
for the highest CCK dose (t = 2.67, d.f.— 12, P «005 for 40; 
P005 for 20, 10 and 5 IDU per ml per kg. 

Because the antiemetic increased intake under CCK by about 
26% for each dose of CCK used, if exogenous CCK were 
equivalent to natural satiety, normal intake with the antiemetic 
should have increzsed by 26% also. Instead, the antiemetic- 
treated rats consumed only 95% of their normal amount, rather 
than the expected 13496. 

Clearly, exogenously administered CCK cannot be used as a 
model for natural satiety. Antiemetic administration increases 
eating after CCK injection, eliminating the supposed satiety 
effect of exogenous CCK However, the antiemetic reduces or 
leaves unaffected rormal eating when no CCK is given. The 
factors producing food intake reduction through CCK injection 
and the factors causing normal meal regulation therefore cannot 
be the same. Because the antiemetic is antidotal to CCK and 
because the antiemetic is not antidotal to normal satiety, it seems 
very likely that the factor causing food intake reductions after 
CCK administration is malaise and that malaise is not a factor 
producing normal satiety. 

We thank Dr A. Ondetti, Squibb Institute for Medical 
Research, for his gift of CCK octapeptide, and Best Foods for 
their donation of Mazola corn oil. 
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V5 and V4 are areas of macaque monkey prestriate visual cortex 
that are specialized for involvement in different aspects of visual 
perception, namely motion for V5 (refs 1-4) and colour vision, 
with other possible functions, for V4 (refs 2, 5-9). Thus, it is 


unlikely that they should be fed the same information for further, 


processing, yet both receive a strong input from patches of the 
upper layers of V2 (refs 10, 11), the area immediately adjoining 
the primary visual cortex, V1. V2, however, seems to comprise 
functionally distinct subregions, which can be revealed by staining 
the tissue for the mitochondrial enzyme cytochrome oxidase!^-15, 
Here we report that V4 and V5 are connected with separate 
cytochrome oxidase-defined subregions of V2, suggesting that 
cortical pathways dealing with motion and colour perception are 
segregated in their passage through V2, and reinforcing evidence 
for functional specialization in the visual cortex!7!5, 

In primates, the primary visual cortex V1 (area 17 or striate 
cortex) receives most of the visual input to the cerebral cortex 
and sends parallel outputs to several of the visual areas!? which, 
between them, comprise Brodmann’s areas 18 and 19 of prestri- 
ate cortex. Because of this anatomical arrangement and the 
functional specialization in the prestriate areas!9", it was sug- 
gested that one function of V1 is to segregate different kinds of 
visual information relating to colour, form, motion and depth, 
and to distribute these to different prestriate areas for further 
processing'?. Confirmation of this role of V1 has come from 
physiological studies in combination with cytochrome oxidase 
histochemistry. Tissue stained for this enzyme shows an array 
of ‘blobs’ in the upper layers of V1 in which are concentrated 
cells selective for wavelength but not orientation. In the more 
lightly staining ‘interblob’ regions, however, cells are normally 
not wavelength- but orientation-selective. V2, the prestriate 
area bordering V1 (but occupying only part of area 18) receives 
a strong input from V1 (refs 20, 21) and, like it, contains several 
functional cell types!9?? and projects to several other prestriate 
агеа5232*, It, too, has a characteristic staining pattern for cyto- 
chrome oxidase, consisting of a series of stripes running 
orthogonal to the V1/V2 boundary? "^. These are best visualized 
in tangential sections through the flat mounted occipital oper- 
culum (Figs 1c, 2a) where in most cases the dense stripes are 
alternately thick and thin and are separated by lighter regions 
more uniform in size, the ‘interstripes’. Two of these three sets 
of repetitive subregions receive specific projections from V1, the 
thin stripes from the blobs and the interstripes from the inter- 
blobs, but the specificity (if any) of the input to the thick stripes 
from V1 remains unknown. 

Thus, the cytochrome oxidase-defined subregions of Vi and 
V2 are probably involved in segregated pathways of distinct 
functional characters and we sought to determine how the sub- 
regions of V2 project to the more uniformly specialized areas 
of prestriate cortex such as V5 and the V4 complex. These latter 
two areas differ profoundly in their functional characteristics: 


there is a total absence of wavelength-selective cells in V5, most. 
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Fig. 1 Drawing of a, the surface of the left hemisphere of a 
macaque monkey brain, b, the lateral part of a horizontal section, 
taken at the level indicated in a, to show the locations of the three 
areas studied. The V4 complex (V4) consists of at least two areas 
with further subdivisions in each In this study, the injections were 
made in the posterior part of the V4 complex (cross-hatched) c, 
Mlustration of how the occipital operculum 1s removed and showing 
the relation of V2 to V1. LS, lunate sulcus; STS, superior temporal 
sulcus; IOS, inferior occipital sulcus Scale bar, 2mm. 


cells being directionally selective!-?5, whereas V4 (which con- 


sists of at least two areas, each with probable subdivisions®) 
contains heavy concentrations of wavelength- and colour-sensi- 
tive cells but few that are selective for direction^*?. Thus, by 
relating the distributions of cells projecting to V4 or V5 with 
the pattern of cytochrome oxidase stripes, it might be possible 
to associate specific subregions of V2 with specific visual func- 
tions. 

Injections of wheat-germ agglutinin horseradish peroxidase 
(HRP) (0.1-0.3 wl of a 4% solution) were made into area V5 in 
three monkeys and is V4 in five monkeys. After 48-h survival, 
the animals were anaesthetized and perfused, following standard 
procedures, after which the brains were sectioned at 50 рт and 
pairs of adjacent sections stained for cytochrome oxidase? and 
reacted for HRP”. The cytochrome oxidase-stained sections 
were drawn at X30 magnification under a drawing tube, with 
the boundaries of the cytochrome oxidase heavy zones and 
blood vessels marked. The adjacent HRP section, suitably mag- 
nified to compensate for its greater shrinkage, was superimposed 
according to the blood vessels and the positions of labelled cells 
and terminals added to the diagram. In this way, it was possible 
to determine the relation of the labelled cells to the cytochrome 
oxidase stripes in V2. 

Where injectiors of HRP are made into V4 or V5, labelled 
cells and terminals in V2 are distributed in bands running 
orthogonal to the V1/V2 boundary and are very similar in 
disposition to the cytochrome oxidase stripes. The similarity is 
even more striking because, just as the cytochrome stripes show 
periodicities along their long axes”, giving them a beaded 
appearance, so do the bands of labelled cells. Figures 2b and 
3a show bands of label in corresponding locations in V2 follow- 
ing two separate V4 injections. In the former case the bands are 
quite narrow (0.7 mm) and well circumscribed, but in the latter 
they are broader (~ 1.5 mm) and rather more diffuse. The 
relationship of these bands to the cytochrome oxidase stripes 
is often difficult to determine because the pattern can be 








Fig. 2 a, Photomicrograph of a section taken through the flat- 
mounted occipital operculum and stained for cytochrome oxidase 
to show the thick and thin stripes and the interstripe zones in V2. 
The size of one cycle (centre-to-centre distance of two thin stripes) 
varies between 3.0 and 4.5mm with a mean of 4.0mm: the 
relative widths of the stripes also fluctuate, but are ~2:1:1.5 
(thick: thin:inter), Not all macaque brains show such a clear 
pattern, especially in the lunate sulcus where the pattern is often 
complex and the thick and thin stripes are difficult to distinguish 
in individual sections. b, Dark-field photomicrograph of a similar 
section from a flat-mounted occipital operculum in an animal with 
an injection of HRP into V4. Note the striking similarity in the 
disposition of the labelled cells to that of the cytochrome oxidase 
stripes. The precise relationship of the two could not be determined 
in this brain, in which the cytochrome oxidase stain was unsatisfac- 
tory. Scale bar, 2 mm. 


irregular, with alternate thick and thin stripes not easily discern- 
ible. Little could be learned from the cytochrome oxidase sec- 
tions corresponding to the first case (Fig. 2b), in which the stain 
was technically poor; in the second case, where the staining 
pattern was irregular (Fig. 3b), superimposition of adjacent 
sections revealed that the labelled cells were centred over alter- 
nate stripes, and although overflowing into the interstripe zones, 
avoided the other set of stripes. That these were the thin stripes 
(those connected with the wavelength-selective blob of V1) was 
ascertained by tracing the pattern through a series of superim- 
posed cytochrome oxidase sections, starting from those sections 
in which the stripes could be more clearly differentiated. This 
conclusion was reinforced by examination of another animal 
with a V4 injection, in which the two sets of stripes could be 
easily distinguished and in which a series of broad, if sparse, 
bands of label were again centred over thin stripes but avoided 
thick stripes (Fig. 3d). One further V4 injection again gave rise 
to the narrower bands of labelled cells and these were sited 
entirely in the interstripes. Four of these bands occupied 7.5 mm 
of cortex, a periodicity similar to that of the narrow bands of 
the brain in Fig. 2b, perhaps suggesting that these also might 
have a similar disposition with respect to the cytochrome oxidase 
stripes. This variation in the results obtained in V2 may reflect 
an inhomogeneity in V4 in relation to the distribution of 
wavelength and orientation selectivity^'?. The injection sites, 
although all in the posterior portion of V4, may have involved 
physiologically dissimilar regions. 

Following injections into V5, labelled cells in V2 again appear 
in bands running orthognal to the V1/V2 boundary, but are now 
almost entirely confined to regions densely staining for cyto- 
chrome oxidase, which our evidence shows are the thick stripes. 
This was most clearly observed in the case of a brain sectioned 
horizontally (see Fig. 4c). The sections were drawn as described 
above and the information thus obtained was digitized along a 
























Fig. 3 a, Dark-field photomicrograph of the luna j 
a flat-mounted operculum section to show the tangential distribu 
tion of labelled ceils in V2 after an HRP injection into V 
Bright-field photomicrograph of a section next to the one sho 
in a and stained for cytochrome oxidase. c, Composite dra 
made from sections. a (continuous outline) and b (interrupted 
outline) in which the-two sections have been superimposed and 
areas of labelled cells (hatched) and dense stain (stippling) have 
been entered. The cytochrome oxidase distribution shown is als 

composite, drawn from superimposed images of section b and the 
other stained section next to а, a process that clarifies the pattern: 
of stripes. Note that the labelled cells are centred over one set of. 
stripes and skip alternate ones. We have not attempted to indicate 
more than one level of density for the distribution of either the 
labelled cells or of cytochrome oxidase, but it can be seen that 
both vary, not necessarily in parallel. For example, in the middle 
band of HRP-labelled cells (b) a roughly circular region of denser 
cytochrome oxidase staining coincides with a lower concentration 
of labelled cells. Unless traced over many sections, the stripes 
cannot, in this section, be identified as thick or thin. But d. (a 
Composite drawing made as for c but from sections from another: 
brain with an НЕР injection into V4), shows that the label is- 
centred over the thin stripes and skips the thick ones. To. align 
adjacent sections, as in c and d ме used blood vessels (three of 
which are indicated by triangles in c) and other landmarks to 
obtain the best fits, particularly because the shrinkage of the two 

sections is different in different directions. 




















Fig.4 a, Brightfield 
photomicrograph оѓ. à 
horizontal. section taken’ 

through the part of ^ 
lying in the ` inferior- 
occipital . sulcus гапа - 
Cstained for cytochrome — 
oxidase activity. b, Dark- 
field photomicrograph, 
taken from an. adjacent 
section, following НАР 
injection into V5. e, Com- 
.puter-aided ^ reconstruc- 
ion made from many pairs 
of sections similar to a and 
2 b; The information in each 
pair of adjacent sections 
was incorporated into à 
Single drawing (as in Fig. 
3c) and this information 
was then digitized and 
centered in the computer. 
; The distribution of cells is 
shown as dots, and regions 
densely stained for cyto- 
-ehrome oxidase as broken 
‘Jines, The reconstruction is 
symmetrical about the fun- 
dus. of the inferior 
| occipital sulcus; each line 




















represents one horizontal 









“section, and the diagrams 
vof sections 285 and 338 
With the marked points, A, 
B, C, P, Q, R and S indicate 
how the overall configur- 
оп relates to е 
tomy of the. cortex. 















contour line' from the section and fed into a computer program- 
med to straighten and plot these lines to mimic the appearance 
hat might have been obtained had the tissue been flattened and 
ectioned parallel to the cortical surface. The reconstruction 
eveals a number of irregularities, such as bifurcations in the 
tripes (which we have also observed in flat-mounted operculum 
cytochrome oxidase sections) but most of the stripes containing 
abelled cells are identifiably thick. This conclusion was in 
ccord with the impression gained from those individual sections 
here alternating thick and thin regions of denser staining were 
isible, such as the lower bank of the inferior occipital sulcus 
n the section shown (Fig. 4a, the region between points ‘R’ and 
S' marked on its outline, labelled 338, in Fig. 4c). 

In summary, we report here that alternating cytochrome oxi- 
dase stripes project to V4 and V5, our reconstructions suggesting 
hat. V4 receives input from the thin stripes and V5 from the 
thick, and that the interstripes also project to V4. Further 
idence supporting functional distinctions between these sub- 
livisions has come from our complementary physiological 
ecordings (S.Z. and S.S., in preparation), in which we have 
. made tangential penetrations running parallel to the stripes in 
the lunate sulcus. We have found that there is more variability 
n the responses recorded between penetrations than within any 
single penetration, and in several instances most of the units 
encountered in a single penetration, for a distance of over 1 mm, 
were either all orientation or all wavelength or all directionally 
«selective. Where we have been able to associate penetrations 
-with cytochrome oxidase stripes, we have found that interstripe 
tells are usually tightly. tuned for orientation and are not 
wavelength-selective; most wavelength-selective cells, some of 
them double opponent, are found in or at the borders of thin 
stripes and are not orientation-selective. The frequency of occur- 
nce of orientation selectivity is at an intermediate level in thick 


pes, but these penetrations have the highest incidence of 















































he cytochrome oxidase pattern is least clear where the stripes appear to be bifurcating, but elsewhere the appearance of alternate thick and 
thin stripes can.be seen to emerge. LS, Lunate sulcus; IOS, inferior occipital sulcus. Scale bars: a, b, 2 mm; c, 1 mm for both axes. 


directional selectivity. Thick stripe cells, whether or not they 
are orientation-sensitive, generally respond equally well or better 
to spots of light moved in any direction than to long bars, unlike 
the orientation-selective cells of the interstripes, whose responses 
to spots are poor. 

Thus, both anatomical and physiological evidence indicates 
that any operations performed in V2 must be performed separ- 
ately for the different visual submodalities. This does not elimi- 
nate any interplay between the different pathways, given both 
local connectivities and that the outflow from V2, at least to V4, 
is not absolutely restricted to the territory of the thin stripes. 
But the segregation of pathways through V2 is much the more 
impressive and further reinforces the earlier evidence for func- 
tional specialization within the visual cortex". 

This work was supported by grants from the SERC and the 
Wellcome Trust. We thank lan Wilson for histological 
assistance. 

Note added in proof. We have since found that V3, which has 
no wavelength-selective cells, also receives from cells in the 
thick cytochrome oxidase stripes of V2. 
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In primates, both the primary and secondary visual cortical areas 
can be subdivided histologically by staining for the mitochondrial 
enzyme cytochrome oxidase’. In the primary visual cortex (area 
17, the first cortical receiving area for visual information) these 
. histological differences correspond to functional subdivisions’, 
уу eytochrome-dark regions being concerned with information about 
<: colour and cytochrome-light regions concerned. with form. Here 
we report that the second visual area, area 18, which receives its 
'main cortical input from area 17 (refs 7, 8), similarly has functional 
subdivisions that correspond to the cytochrome oxidase staining 
pattern. In area 18 the segregation between form and colour. is 
maintained, reinforcing our notion that form and colour informa- 
tion follow parallel pathways. The specific differences between 
cells in areas 17 and 18 suggest that a possible step in hierarchical 
information processing is spatial generalization, analogous to the 
difference between simple and complex cells. 

In area 17 the cytochrome oxidase staining pattern consists 
of small dark-staining polka-dots (blobs) on a lighter-staining 
background". Cells in the blobs are not orientation-selective 
and at least half are colour-coded, whereas most cells in the 
inter-blob regions are orientation:selective with only a small 

^; number colour-coded®. In area 18 the dark-staining regions are 
,. much coarser and form stripes, —0.5-1mm wide, which run 
- perpendicular to the 17/18 border and extend the full width of 
area 18to its anterior border (Fig. 1; refs 3-5). In some macaques 
and in most squirrel monkeys, the dark stripes are generally of 
two types, alternating thin and thicker, slightly lighter stripes. 
Although the thick stripes are not always easy to distinguish 
from the thin stripes by cytochrome oxidase staining alone, they 
differ anatomically in that they have a different laminar distribu- 
tion of thalamic inputs^. Thus, area 18 seems to consist of at 
least three types of subregions: thin stripes, thick stripes and, 

in between, much lighter interstripes. 

We have recorded from 1,019 cells in area 18 of 11 young 
adult female Macaque fascicularis monkeys and 7 adult female 
Saimiri sciurius (squirrel) monkeys. The recording apparatus 
was as described previously. We made electrode penetrations 
perpendicular to the cytochrome oxidase stripes as nearly 
parallel to the surface as possible. 

<< И was clear that area 18, like area 17, is physiologically 
‚ heterogeneous but with a much coarser periodicity. Figure 2 
shows the results from one macaque monkey, in which we 
recorded from 9mm of area 18; almost all of the penetration 
appears in this single section. The figure indicates that we passed 
through four cytochrome oxidase-dark regions. Two of these 
stripes (the second and fourth) consisted exclusively of cells 

5 that entirely lacked orientation selectivity; whereas almost all 
{Ве cells in the other two stripes and in the interstripe regions 
were orientation-selective. We fourid such long stretches of 


















, and complex cells’. (The distinction lies in the permissible 













Fig. 1 Sections of monkey visual cortex stained for cytochroi 
oxidase. a, Section from a macaque monkey. Most of the secti 
is in агеа 17 except for a 0.5-cm-wide strip of area 18 at the tc 
b, Section from a squirrel monkey. Area 17 is to the left with | 
fine polka-dot pattern and area 18 is to the right with a 
striped pattern. The alternation of thick and thin stripes is c 
near the top of the squirrel monkey section and is not appai 

the macaque. FO io 


































unoriented cells in both macaques and squirrel monkeys 
cells), always in cytochrome oxidase-dark regions. In 
macaques it was not usually possible to say whether the 
stripes containing unoriented cells were thick or thin, but tl 
usually alternated with stripes containing oriented cells, as 
Fig. 2. In the squirrel monkeys the unoriented cells were cl 
in the thin stripes. All these results are consistent with our earl 
observation that the blobs in area 17 and thin stripes in area 
are interconnected. M 
In macaques, about two-thirds of the unoriented cells sho 
colour opponency; in the squirrel monkey the proportio 
colour-coded cells was much smaller. Of the colour-coded 
a few had colour opponent centres arid no antagonisti 
rounds (for example, red-on centre, green-off centre, Typ 
ref. 6), but most had some form of dóuble-opponent c 
coding (for example, red-on centre, red-off surround, gree 
centre, green-on surround). Similar to blob cells in area 17, 
unoriented cells in area 18 (whether or not they are col. 
coded) responded more strongly as spot size was increased uj 
to an optimum size beyond which the responses declined. № 
was different about many of these cells, compared with the blob 
cells in area 17, is that they responded to a spot of opti 
size regardless of where it was positioned, over an area that / 
itself many times larger than the optimum spot. Thus, in th 
cells a spot large enough to cover the entire activating re, 
was usually ineffective. (s 
An example of one such colour-coded cell is shown іп. 
3. It gave on responses to small red spots, off responses to si 
blue or green spots and no responses to white or to yell 
(580 nm). In response to an optimal spot, 0.5? in diamete 
cell gives on responses to red and off to blue or green throug! 
an activating region 3.5° in diameter, maximum near the ce 
and falling off. gradually with distance; increasing the. 
beyond 0.5? resulted in a fall-off in responses (Fig. 35, c). When 
we shone a small red and a small blue spot simultaneous! 
the same position (giving a yellow spot), the cell gave little ог 
no response. We did not try spatially to separate red and blue 
spots with this cell (but in other similar celis, simulating with 
a small red spot and a small blue spot side-by-side within the 
activating region gave mixed on/off responses). This cell was 
located in layer 5 of a cytochrome oxidase-dark stripe in are: 
18 of a macaque. ; 
We also observed cells, similar but not colour-coded, some 
giving on and others off responses regardless of wavelength over 
an activating region larger than the optimum spot size. Baize 
et al” have described ‘spot cells’ in area 18 that аге similat 
unoriented, not colour-coded and respond best to a small spo! 
anywhere in a large receptive field. We term all of these сеп 
whether or not they are colour coded, 'complex-unoriented', 
because they differ from ordinary centre-surround cells in a> 
manner analogous to the difference between oriented simple 
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ation in position; see ref. 10.) In both cases, although the 
е of the region of the visual field in which the higher level 
ell can be activated is larger (in our complex-unoriented cells, 
rom two to several times the diameter), the optimum stimulus 
ize for a given eccentricity remains the same, as if an ‘or-gate’ 
peration had been performed on many cells with similar recep- 
ive fields scattered over an area larger than each separate 
eceptive field. Thus, although resulting in a loss of precision 
Kf localization, complexification need not lead to a loss of 
esolution or acuity, because at a given eccentricity the average 
iptimum stimulus size, such as line width or spot diameter, 
shows no such increase. The increase in receptive-field size 
ported in several pre-striate areas''"'* is presumably, at least 
part, the result of such transformations. The occurrence of 
ilar operations in. different systems suggests that similar 
uits are used, which would doubtless simplify the problem 
uilding the cortex. Despite the frequency with which this 
peration seems to occur in the visual system, its role in informa- 
on processing is still a matter of conjecture. (See page 285 of 
в issue.) 

‘Some of the unoriented cells we found in area 18 were not 
complex and seemed the same as cells that we have observed 
in area 17. We are now trying to determine whether the different 
orders of unoriented cells in area 18 are segregated into different 
layers, as any sequence of unoriented cells tended to contain 
ither ordinary or complex unoriented cells. In area 17, however, 
_ we have not seen complex-unoriented cells. The transformation 
of colour information in going from area 17 to 18 might be 
predicted to involve the acquisition of orientation selectivity, 
Бис this seems not to be so. 

:In the squirrel monkey it is clear that the regions in area 18 
ntaining complex-unoriented cells are the same regions, the 
thin. stripes that we previously found anatomically to be con- 
d to the blobs in area 17. These blobs contain unoriented, 


Fig. 2 a, b, Reconstruction of an electrode track in area 18 of macaque. b, Transv 
he. area 17/18 border. Part of the border is visible at the left edge of the section (arrow). The space shown just above area 18 is the lunate 
sulcus; the midline is on the left. The electrode track, most of which can be seen together with five electrolyte lesions, runs from left to right. 
"section was stained for cytochrome oxidase”? and the cytochrome-dark regions are indicated by brackets. a, From above downwards, 
sreferred orientation (0°, vertical); orientation selectivity (A, well oriented, D, unoriented); and the location of the electrolyte lesions. Optimum 
ntation and orientation selectivity were judged subjectively by listening to the response of the cell to slits of light generated by a hand-held 
projector. Observations were made every 0-05 mm. Note the correspondence between two of the cytochrome-dark regions (between 
эла and third lesions and just before the final lesion) and the absence of orientation selectivity. (At these points no orientation could be 
plotted.) The entire track after the first 0.5 mm was below layer 4. 


3 lour-coded cells’. In macaque monkeys the histological 





erse section through area 18 just anterior and parallel to 





distinction between two types of cytochrome-dark stripesis often 
less clear, but, as shown in Fig. 2, only some of the stripes 
(usually alternate ones) are also characterized by colour-coded 
unoriented cells. 

We have also studied the characteristics of the cells in the 
other stripes: cells in both the interstripes and the thick stripes 
show orientation selectivity and are not colour-coded, The light- 
staining interstripes in area 18 are reciprocally connected with 
the inter-blob regions of area 17, which contain oriented non- 
colour-coded cells^; the connections of the thick stripes are not 
yet known, but they clearly receive input from area 17 (see Fig. 
30 of ref. 6). The most striking characteristic of cells in the 
interstripe regions is that over half of them are end-stopped"’, · 
responding optimally to slits of a particular length and less well 
to longer slits. This suggests that the system that in area 17 . 
carries information about the orientation of edges might next ..- 7 
acquire information about their degree of curvature. In the thick 
stripes the cells seem to be concerned primarily with binocular 
disparity: many fail to respond to either eye alone but do respond 
if the eyes are aligned with a particular disparity, corresponding 
either to near, far or peaking at zero disparity. DeYoe and Van 
Essen", by injecting two different retrograde tracers into the 
pre-striate visual areas MT and V4 of macaques, have found 
that in area 18 alternating cytochrome-dark stripes project to 
MT and to V4. The results of Shipp and Zeki'^ inthe accompany- 
ing paper confirm these observations. Given the high proportion 
of colour-coded cells reported in V4 (ref. 14), the V4-projecting 
stripes would be expected to be the ones to receive input from 
the blobs in area 17 and contain unoriented, often colour-coded 
cells: in a squirrel monkey these would be the thin-stripes. Our 
finding that the thick stripes contain orientation-selective cells : 
is consistent with their involvement with some system other than. 
the colour system; they could correspond to the MT-projecting: 
stripes described by DeYoe and Van Essen". The segregati 
in area 17 of two systems, one apparently concerned with 
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Fig. 3 Responses of a complex double-opponent cell in area 18 
of a macaque monkey to red and blue spots of light, varying size 
and position of spot. The grid represents the visual field, marked 
off in degrees, with the fovea at (0, 0). The red and blue spots were 
produced by Kodak Wratten filters (29 and 47B) placed in front 
ofa slide projector. a, Three-dimensional plot illustrating responses 
to red spots of optimal size, 0.5? in diameter. The plot is made 
over a region 8 X8^, centred 5? lateral and 2.5? below the fovea. 
Responses were obtained over an area occupying 3 х3°, outside 
which the bars represent spontaneous background activity. Bars 
represent means of five responses to stimuli of 1s duration. The 
histogram for the area giving the peak response, shown in the inset 
on the upper left, represents 85 impulses during this ‘on’ period. 
The lower right inset shows one of the histograms for a region 
giving little or no response above the background firing rate. b, 

; Diagram of on-responses to red light spots of various sizes. Each 
_ histogram is a mean of five stimuli. The three-dimensional graph 
_ illustrates the responses to the optimum size and to larger stimuli; 
the inset on the left shows the histograms obtained for four of 
these five spots. The upper right inset shows the entire. curve of 
response versus spot size. Note that the 3.5 and 5° stimuli evoked 
responses that were barely visible above background firing levels, 
even though these covered the area over which 0.5° spots gave 
vigorous responses. с, Same cell, off-discharges to blue spots of 

: different sizes. 
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_membrane proteins were solubilized with 50 mM B-octyl gly- 











and the other with colour, evidently persists into area 18 
beyond. That a similar segregation occurs in humans is appa 
from reports of subjects with local cortical damage: 
experience loss of colour vision but retain normal form, mo 
ment and depth perception!" ?!, Tie 

We thank Debra Broihier and Janet Robbins for histo 
and Marc Peloquin for photography. This work was suppo: 
by NIH grant EY 00605-25 and grants from E. I. du Pon 
Nemours and Co., the Monsanto Co. and NSF. E 








































Received 12 December 1984; accepted 25 March 1985. 


1. Hendrickson, A. E., Hunt, S. P. & Wu, J-Y; Nature 292, 605-607 (1981). 
2. Horton, J. C. & Hubel; D-H. Nature 292, 762-764 (1981). 
3. Tootell, R. B. Н. & Silverman, M. S, Soc. Neurosci. Abstr. 7, 356 (1981). 
4. Livingstone, M. S. & Hutel, D. Н. Prac. natn. Acad. Sci. U.S.A. 79, 6098-6101 (1982), 
5. Tootell, R. B. H., Silverman, M. 5., DeValois; В. L. & Jacobs, С. Н. Science 220, 737-- , 
(1983). ; 
Livingstone, M. S. & Hutel, D. H. J. Neurosci, 4, 309-356 (1984). ; 
Kuypers, Н. G. J. М., Szwarcbart, M. K., Mishkin, M. & Rosvold, Н. E. Expl Neurol 
245-262 (1965). E : Е 
8. Myers, R. E. Ciba Fdn Symp. 20, 133-143 (1965). B ? 
9. Baizer, J. $., Robinson, D. L. & Dow, B. M. J. Neurophysiol. 40, 1024-1037. (1977)... 
10. Hubel, D. H. & Wiesel, T. №. J. Physiol Lond. 160, 106-154 (1962). 
11. Hubel, D. Н. & Wiesel, T. N. J. Neurophysiol 28, 229-289 (1965). 
12. Allman, J. M. & Kaas, J. H. Brain Res: 38, 89-106 (1971). 
13. Dubner, R. & Zeki, S. M. Brain Res. 38, 528-532 (1971). 
14. Zeki, S. M. Brain Res, 53, 422-427 (1973). 
15. DeYoe, E. А. & Van Essen, D. С, Soc. Neurosci. Abstr. 10, 934 (1984). 
16. Shipp, S. & Zeki, S. Nature 315, 322-325 (1985). 
17. Verry, D. -Archs Ophthalmol, Paris 8, 289-300 (1888). 
18. MacKay, С. & Dunlop, $. C. Scott. med. surg, J. $, 503-512 (1899). 
19. Critchley, M. Brain 88, 711-724 (1965). : 
20. Pearlman, A. L., Birch, J. & Meadows, J. C. Ann. Neurol S; 2: 
21. Damasio, A., Yamada, T.; Damasio, H., Corbett, J. & McKee, 
(1980). DIM 
. Wong-Riley, M. T. T. Brain Res. 171, 11-28 (1979). 


ue 










Induction of regulatory T-lymphocyte 
responses by liposomes 

carrying major histocompatibility — 
complex molecules and foreign antigen 


Peter Walden, Zoltan A. Nagy & Jan Klein 


Max-Planck-Institut für Biologie, Abteilung Immungenetik, 
CorrensstraBe 42, 7400 Tübingen, FRG 





Regulatory (helper and suppressor) T lymphocytes become acti: 
vated only when foreign antigen is presented to them on the surfa 
of antigen-presenting cells (APC), together with class II ma 
histocompatibility complex (MHC) molecules (heterodimers 
polypeptides of 28,000 and 35,000 relative molecular тазу) 
Once activated Бу а certain foreign antigen—MHC combinat 
T cells react to the same antigen only in combination with 
same MHC molecule, a phenomenon termed MHC restriction: 
T-cell recognition (reviewed in refs 1, 5). Studies of the mechanisn 
involved in antigen presentation and MHC restriction have 
hampered mainly by the virtual impossibility of inducing T. 
responses in the abseace of APC. We describe here the production 
of synthetic lipid vesicles with inserted class П MHC molecules 
and a protein antigen coupled covalently to the lipid. These lipo- 
somes are shown to stimulate cloned helper T cells and T-cell 
hybridomas in an antigen-specific, MHC-restricted manner in 
absence of APC. Thus, the recognition of foreign antigen together 
with class II MHC molecules seems to be the only signal required 
for the activation of antigen-primed regulatory T cells. Further- 
more, ‘processing’ of antigen by APC is not essential for its 
recognition by T cells. 

To determine the minimal requirements of T-cell activatio 
we constructed liposomes carrying a foreign protein antigen, 
class П MHC molecules, or both, and tested whether these 
liposomes could activate antigen-specific class II-restricted 
cells in the absence of APC. Class П MHC molecules were 
isolated from lipopolysaccharide-stimulated spleen cells. The 








































‘Fig. 1 Liposome-bound antigens induce the proliferative response of 
^an ovalbumin (OVA)-specific, A®-restricted T-cell clone (a) and IL-2 
production by a bovine insulin (BI)-specific A?-restricted T-cell 
hybridoma (5). Liposomes with the following proteins were used: A, a, 
OVA--A^; b, BI+ A”; Bl, a, OVA; b, Bl; @, a and b: A"; V, mixture of 
liposomes with: a, OVA and A”; b, BI and A"; Ш, a, OVA + A*; b, BI - A*; 
а, BI- A^; b, OVA--A*; ©, a, free OVA-- A^; b, free ВІТА"; €, 
liposomes without protein. Each point represents the arithmetic mean 
+s.d. (vertical bars; not shown where too small to be represented graphi- 
cally) of triplicate cultures. Control values (c.p.m.+ s.d.) for the prolifera- 
ve response of OVA-7 (a) and for the IL-2 production by hybridoma 
JHITOFI1 (b): feeder celis, a (C57BL/6), 654+ 124; b (CS7BL/6), 6,505 + 
22; antigen, a (OVA, 100 ug ml), 1,821 £205; b (BI, 200 pg ml^!), 
623 +522; antigen +feeder cells, a (OVA 100 ug ml ^! * C57BL/6), 
2,066 + 12,019; b (BI 200 pg ml”! + C57BL/6), 140,381 + 1,727; control 
tigen + feeder cells, a (BI+ C57BL/6), 657 + 366; b (OVA+CS7BL/6), 
6,9764611; antigen+ control feeder cells, а, not done; b (BI+B10.A), 
5,162 + 542. А 
Methods. Clone OVA-7 of C57BL/6 origin (M. H. Schreier, unpublished 
data) was precultured with IL-2 and without feeder cells for 6 days, 
ashed and distributed in 0.2-ml-wells (3 x 10* cells per well), cultured 
^in the presence of liposomes for 3 days (without IL-2 and feeder cells), 
d proliferation was measured by °H-thymidine incorporation”. 
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noside in 10.mM Tris-buffered saline solution. Further 
cation was performed by affinity chromatography accord- 
y the procedure described by Turkewitz et al$, with the 
cation that B-octyl glycopyranoside was used as a deter- 
roughout. Monoclonal class П-ѕресібс antibodies used 
€ affinity columns were coupled with Sepharose-4B by the 
ogen bromide method followed by fixation with glutaral- 
уде. The one-step affinity chromatography yielded highly 
ariched class. Il preparations with minor contamination by 
ther proteins, as judged by SDS-polyacrylamide gel electro- 
horesis (data not shown). The class H molecules were inserted 
ito liposomes made of synthetic lipids as described elsewhere". 
ids in the liposomes were activated by thiolation with 
succinimidyl 3(-2-pyridyldithio)propionate (SPDP) via a 
isulphide bond as described previously*'. The foreign protein 
ntigens used were attached to these SPDP-activated lipids. The 
озотеѕ thus obtained carried class П MHC molecules in- 
d into the lipid bilayer by their hydrophobic transmembrane 
on, and protein antigens covalently linked to the lipids. 
vesicles were further purified by ultrafiltration, ultracentri- 
ation and in some experiments by flotation on a sucrose 
it. Flotation experiments were also performed to monitor 
efficiency of reconstitution of MHC molecules into, and 
ng of antigens to, the liposomes. 
те 1 demonstrates that only the liposomes carrying both 
he priming antigen and the appropriate MHC molecules are 
ostimulate proliferative response of an ovalbumin-specific, 
estricted T-cell clone, and interleukin-2 (IL-2) production 
insulin-specific, A°-restricted T-cell hybridoma, in the 
ibsence of APC. Thus, the recognition of antigen + МНС 
Olecules alone seems to provide a sufficient signal to induce 
hese two kinds of responses of helper T cells. Note that, for a 
ponse to occur, the antigen and MHC molecules must be 
ficorporated into the same liposome, indicating that the receptor 
tructure of T cells recognizes these two moieties together. The 
finding that mixtures of antigen-bearing and MHC-bearing lipo- 
omes are not stimulatory, together with the results of other 
control groups of the experiments (MHC-bearing liposomes 
















presented together with free antigen; antigen-bearing liposomes 
lone) makes it very unlikely that the liposomes are taken up 
e-presented by residual APC or by the T cells themselves. 


d). The antigen-coupled liposomes were purified by sucrose gradient centrifugation (5-45% 1 
f antigen on liposome was monitored by the position of the liposome band in the gradient. Class П MHC molecules were purified by affinity 
omatography using monoclonal antibodies 17.227.R7 (ref. 29) for the AP, and 10.2.16 (ref. 30) for the A* molecule. 
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ybridoma 52H10F11 (BI-specific, A"-restricted; B. Huber, unpublished data) was cultured (5 x 10 cells m^!) in the presence of liposomes 
‘or 2 days. Supernatants were then collected and tested for their capacity to induce proliferation of the IL-2-dependent cell line СТЫ” 
5 x10? cells per well, 1 day's culture followed by a 16-h pulse with 2 „Сі per well of ?H.thymidine). Culture medium was œ minimal essential - 
dium supplemented with 10% fetal calf serum, antibiotics, L-glutamine and 3 х1075 M 2-mercaptoethanol. Liposomes were prepared by. .- 
ialysis method’”*, They consisted of dipalmitoylphosphatidylethanolanine (DPPE), 10% of which was SPDP-modified (the efficiency of 
fication was 1- 1.595). Liposomes were allowed to react with a large excess of SPDP-coupled OVA and BI, respectively (2.5 mg to 12.5 mM 


flotation gradient, 100,000g, 46 h). The density 


Further evidence to rule out this possibility will be presented 
elsewhere (P.W., Z.A.N. and J.K., in preparation). 

Our data extend previous results from several laboratories 
that demonstrated that secondary cytolytic T-cell responses and 
secondary mixed lymphocyte reactions can be stimulated by 
cell-free antigens, although in these experiments the possibility 
that APC contributed to the T-cell activation could not be 
excluded!!-!, Our results also agree with a recent report by 
Malissen et al.'? that the expression of transfected class П MHC 
genes seems to be the only requirement to convert a cell into 
an APC. The fact that intact protein molecules, when coupled 
to lipid, can activate T cells indicates that extensive processing 
is not required to render a protein immunogenic for T cells. 
Thus, although antigen degradation certainly takes place in 
macrophages and perhaps also in other cell types’’?', and 
although the existence of T-cell clones with a preference for 
partially digested antigens has been demonstrated^^?, the 
notion that regulatory T cells are capable of recognizing only 
degraded (or processed) antigen ^*^? is not generally valid. : 

We thank Drs B. Huber and М. Н. Schreier for their generous. _ 
gift of cell lines, and Ms G. Labib for technical assistance. This 
work was supported in part by SFB 120/А.5 from the Deutsche- 
Forschungsgemeinschaft. ML 
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A developmental change in the ionic basis of the inward current 
of action potentials has been observed in many excitable cells'. 
In cultured spinal neurones of Xenopus, the timing of the develop- 
ment of the action parallels that seen in vivo^?. In vitro, as in 
vivo, neurones initially produce action potentials of long duration 
which are principally Ca-dependent; after 1 day of development 
the impulse is brief and primarily Na-dependent**. At both ages, 
however, both inward components are present? and the mechanism 
underlying shortening of the action potential is unknown. One 
possibility is that the outward currents change during development. 
Using the patch-clamp technique’, we have recorded single K*- 
channel currents in membrane patches isolated from the cell bodies 
of cultured embryonic neurones’. The unitary conductance of one 
class of K* channels was ~155 pS and depolarization increased 
the probability of a channel being open. Neither conductance nor 
voltage dependence seemed to change with time in culture; in 
contrast, the Ca^*.sensitivity of this K* channel increased. In 
younger neurones, Ca”*-sensitivity was greatly reduced or absent, 
whereas in more mature neurones, the activity of this channel was 
Ca-dependent. Such a change could account for the shortening of 
the action potential duration by increasing the relative contribution 
of outward currents. 

Single-channel currents of Xenopus neurones were recorded 
at two stages of development in culture: early (7-11 h) and 
mature (22-43 h). All recordings were made from inside-out 
excised patches at room temperature. In most cases, K^ was the 
predominant monovalent cation in both pipette and bath 
solutions. Channel activity during prolonged depolarization was 
characterized by bursts of openings interrupted by brief closures 
and followed by long closed intervals. The unitary conductance 
was estimated from the single-channel current/voltage (1- У) 
relationship. After 1-2 days in culture, à channel with a conduc- 
tance of 156 + 2 pS (mean t s.e.m.) was observed in 15 patches. 
Unitary conductance was independent of membrane potential 
(+50mV), of internal Са?" concentration ({Ca?*], = 
0.5-100 M), and of external Ca** concentration ([Ca?*], = 
0-0.5 mM). Similarly, at early ages a channel with a unitary 
conductance of 154+ 2 pS was observed in nine patches; con- 
ductance was independent of calcium concentration and mem- 
brane potential. 

At both ages these channels selected primarily K* ions. Cur- 
rents reversed direction at the K* equilibrium potential (Ey), 
both in symmetrical K* and when Tris* was partially substituted 
for internal K*, shifting Ey to +17.5 mV (n =6 patches at 1-2 
days; n = 6 patches at 7-11 h). However, when recordings were 
made in saline solution with Na* as the predominant extracel- 
lular cation and К? primarily on the intracellular face (Ex = 
—75 mV), unitary currents reversed at an extrapolated potential 
of ——50 mV (n = 5 patches, 1 day in culture). If the channel is 





* Present address: Dépt de Biologie Moléculaire, Institut Pasteur, 25, rue du Dr Roux, 75015 
Paris, France. 
+ To whom reprint requests should be addressed. 





LETTERSTONATURE 


raising the [Ca?*], from 1.0 to 10 M increased the mean burst 
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Fig. 1 Calcium- and voltage-sensitivity of K* channels in an 
‘inside-out’” patch excised from а neurone after 23.5 h in culture. 
a, Single-channel currents recorded with 1 jM Са?* at the іпігасе 
lular surface. Openings occurred in bursts separated by long quies- 
cent periods: О, open; C, closed. Burst durations increased and 
inter-burst intervals decreased with depolarization. Single-chai 
conductance was 158 pS. b, Increasing the [Ca^*], to 104M. 
increased burst duration and decreased inter-burst closed interv 
At E,,= +17 mV, channels were almost continuously open. 5 
patch as in a. Multiple simultaneous openings occurred at depo! 
ized potentials, indicating that.a minimum of three channels we 
active in the patch (not illustrated). Activity of smaller-amplitude 
channels was.not observed. During a burst there were many brief 
closures which were poorly resolved. Some. of these apparent 
closures may have been only partial, to a lower-conductance sub- 
state. Membrane potential was varied by resetting the holding 
potential across the patch. Data were filtered. at 4 kHz, sampled at 
50-р intervals, and recorded in 460.8-ms segments. ut 
Methods, Neurones were cultured from dissociated Xenopus neural 
plates (Nieuwkoop and Faber stage 15)'ó as described 
viously^^, and. single-channel currents were recorded at r 
temperature using established techniques 1 ^'*, Data were analys 
for current amplitudes by computer'^'; the threshold for event 
detection was 50% of the mean amplitude. Burst duration and 
inter-burst intervals were measured by hand from a chart rec 
of the data. Unless otherwise stated, the saline solution in the 
pipette and in the bath comprised (in mM): 150 KC1, 10 or 1 
EGTA (results were indistinguishable), 5 HEPES, pH 7.8. Free 
internal Ca?* concentrations: of 0.5, 1,:10, 25 and 100 рМ were 
achieved by adding CaCl, to the bath saline These concentration: 
were calculated assuming purity of the EGTA (but see ref. 19 
Bath volume was 0.2 ml; bath changes were achieved by washing 
the patches with 225 vol. saline. Е 



















assumed to be permeable to Na* as well as K*, the relati 
Na*/K* permeability, calculated from ће Goldman-Hodgkin 
Katz equation, was 9.08-0.1. An alternative explanation for 
apparent imperfect selectivity is that the F- V relationship was 
nonlinear in the area of Ey... 

Embryonic Xenopus.neurones exhibited a marked develop- 
mental difference in the effect of internal calcium on the activity 
of this channel. At 1-2 days, activity was sensitive to [Ca^* 
(Fig. 1). Opening was not detected when free [Ca^*], was es 
mated to be <107'°M. Raising the [Ca^*], from 1.0 to 10M 
or from 0.5 to 25 or 100 uM substantially increased channel 
activity (n =12 of 14 patches): both burst duration and. th 
number of simultaneous openings increased, while the inter- 
burst intervals decreased. In the experiment shown in Fig. 1, 
















































ring the recording іп а timè- and voltage-sensitive manner, 
presumably as à result of inactivation. In 1 pM calcium, the fraction 
was compared between the first 460.8 ms (8) and the section 
9-3,4s into the record (ж); a large reduction was observed at 
‘depolarized voltages. At 38.1 mV, this reduction occurred within 
the first secorid of recording; at less depolarized voltages, the 
reduction was slower as well as smaller. The low initial activity 
‘seen at +50.3. mV probably results from inactivation during the 
«s delay between setting the membrane potential and the start 
recording. Ending depolarization, then re-stepping to positive 
tials regenerated high levels of activity. Data are from the 
patch shown in Fig. 1. 


ration almost 15-fold; the mean inter-burst interval decreased 
30-fold (at membrane potential (Em) = +17 mV). This resulted 
large increase in the fraction of total time for which a 
nel was open (Fig. 2). Different results were obtained from 
the 14 patches: in one case, channel activity appeared to 
nsensitive to change in the [Ca^* ];; in the other, few openings 
те observed until [Ca?*], was raised to 100 рМ, but reducing 
e [Ca^*], subsequently failed to decrease the frequency of 
ning. VL 

in contrast to the Ca**-sensitive activity observed in patches 
rom mature neurones, channel activity in patches excised from 
early neurones was insensitive to changes in [Ca^*], (п=9 
patches). Currents were observed with free [Ca^*], «107? M 
(Fig. 3), and increasing the [Ca?*], to 100 uM did not change 


mature neurones. - 
үну at both ages was voltage-dependent. Figure 2 shows 

те for which a channel was open increased 
h depol n. In addition, the mean inter-burst closed 
time declined and the mean burst duration increased, suggesting 
that the increase in open time of the channels was due both 
an increased probability of opening to a burst and to a 
ecreased probability of closing, once opened. In other patches, 
the fraction of time spent open showed sigmoidal increases with 
depolarization similar to that in Fig. 2; the half-maximal value 
as attained at ~+20 mV in all cases. The frequency of occur- 
rence of bursts showed comparable voltage-dependence. 

Most patches also. possessed a lower-conductance K "-selec- 
ive channel: 94+3 pS at day 1 (n—4 patches); 93-1 pS at 
$-105h in culture (и =4 patches; Fig. 3). Opening of this 
channel was not correlated with that of the larger channel. The 
racton of time for which the channel was open and the 


quency of bursting were unaltered by changes in [Ca^*], but 


creased with depolarization. The half-maximum of the fraction 
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Fig.3 Ca?*-insensitive К” currents recorded from an inside-out 
patch of membrane excised from a neurone at. 8:5 h. a, Single- 
channel currents at —17 mV were recorded in the absence of 
intracellular calcium; b, single-channel activity at —18 mV in 
100 ЬМ calcium. These records also illustrate the presence of a 
smaller-amplitude К? channel which was Ca?*-insensitive at all 
ages and appeared to be independent of the —155-pS channel 
studied here. O, opening of a 155-pS channel; O,, opening of a 
smaller-conductance K* channel; C, closed. The dark bars denote 
regions of simultaneous opening of both the large- and small- 
amplitude channels. Data were filtered at 2.5 kHz and digitized at 
100-рѕ intervals. 


of time spent open occurred at ~0 mV. Although lower conduc- 
tances have been reported in other neural preparations?^, this 
channel may represent a delayed rectifier. 

The Ca’*-sensitive К? currents observed in these neurones 
at 1-2 days in culture appear to be similar to those of other 
preparations. Unitary conductances of 100-220 pS*'-? at room 
temperature, calcium- and voltage-independence of the conduc- 
tance’, and calcium- and voltage-sensitive changes in burst- 
ing'"'*^ have been reported, but inactivation was not 
prominent??? 

The results reported here suggest that the acquisition of cal- 
cium-sensitivity accounts in part for the developmental disap- 
pearance of the Ca^*-dependent plateau of the action potential. 
The lack of age-dependent changes in unitary conductance, 
K*-selectivity and voltage-dependence of activation suggests 
that the Ca?*-sensitive and -insensitive channels represent a 
single class of channel, the gating mechanism of which is 
developmentally modified. Different sensitivities could be pro- 
duced through mechanisms ranging from activation of a multi- 
gene family to post-translational modification. The infrequent 
presence of Ca^*-insensitive channels in older neurones could 
indicate that these channels are inserted into the membrane in 
a form having reduced sensitivity and are then modified, or that 
a population of Ca^*-insensitive channels persists into late stages 
of development. In view of recent results with the acetylcholine 
receptor", it would be of interest to see whether blockers of 
glycosylation or phosphorylation prevent the appearance of 
Ca?*-sensitivity. 

This work was supported by NIH grants GM07313, NS 15918 
and NS 15344. We thank Drs D. Gruol, P. Ascher, R. Ng and 
J. H. Steinbach for helpful discussions; and especially Professor 
N. C. Spitzer for his advice, direction and continued support 
during this work. 
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To date no nucleic acid has been found in the purified infectious 
agent which causes the spongiform encephalopathy known as 
scrapie. In an attempt to identify a unique scrapie virus-associated 
messenger RNA in tissues of infected animals, we have synthesized 
an oligonucleotide probe complementary to the mRNA sequence 
corresponding to the amino-acid sequence of the prion protein, 
PrP27—30 (ref. 1). We report here that, with this probe, a com- 
plementary DNA clone representing PrP27-30 was obtained from 
scrapie-infected mouse brain; the DNA sequence of this clone 
could be translated into a protein that matches exactly the pub- 
lished sequence of PrP27-30. The cDNA clone hybridized to a 
single 2.4-2.5-kilobase (kb) mRNA from both normal and scrapie- 
infected brain. Thus, the PrP27-30 mRNA is not uniquely associ- 
ated with scrapie infectivity, suggesting that PrP27—30 may be a 
normal component of mouse and hamster brain. 

Scrapie is a slowly progressive spongiform encephalopathy 
of sheep and goats” which can be transmitted to a variety of 
animal species including mice, hamsters and mink’. The 
pathology of scrapie is similar to certain devastating dementias 
of humans such as kuru, Creutzfeldt-Jacob disease and 
Gerstman-Straussler syndrome**, The: replicating infectious 
agent which causes these diseases "has many properties similar 
to those of a virus’, but has not shown sufficient biophysical 
homogeneity to allow adequate purification for precise bio- 
chemical analysis*?. Thus, the presence of a viral nucleic acid 
has not yet been demonstrated. In fact, in the case of scrapie, 
it has been proposed that the agent may consist solely of protein, 
and the term ‘prion’ has been coined to describe such pro- 
teinaceous infectious particles! '?, Recent studies have sug- 
gested that scrapie infectivity i is associated with large characteris- 
tic fibril structures", termed scrapie-associated fibrils'* or rods! 
which have a unique morphology when negatively stained and 
examined under the electron microscope but share some of the 
properties of amyloid which i is a major feature of brain pathology 
in some scrapie models’®. The proteins in these structures 
isolated from hamster scrapie have also been analysed serologi- 
cally and biochemically and consist mainly of a polypeptide of 
relative molecular mass 27,000-30,000, PrP27-30 (refs 1, 13, 14, 
17). The N-terminal 15 amino acids of this protein have been 
sequenced and show no homology with other known proteins’. 
Based on this amino acid sequence, we have synthesized a 
mixture of oligonucleotides for use as a hybridization probe to 
analyse mRNA populations derived from infected and uninfec- 


ted animals and to identify unique scrapie virus-encoded mRNA . 


species. 
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Fig. 1 Identification of scrapie-specific mRNA in infected (+): 
and uninfected (—) animals. Messenger RNA was isolated from 
RML outbred mice and Syrian hamsters who showed clinical: 
neurological symptoms 120-150 days (mouse) or 65-75 days (ham- 
ster) after intracerebral inoculation of 10°* (mouse) or 10° (ham-. 
ster) infectious units of scrapie. The mouse-adapted Chandler 
strain of scrapie was obtained from Dr W. J. Hadlow (RML). 
Hamster-adapted scrapie was obtained from Dr S. Prusiner, Unis) 
versity of California School of Medicine, San Francisco. mRNA ` 
from uninfected, age-matched animals and from scrapie-infected 
and uninfected cells of a mouse neuroblastoma cell line (clone 
NA, obtained from Dr D. Lodmell, RML), was also isolated. Tissue 
culture cells, brain, spleen and liver tissue were homogenized іл. 
5 vol. of 4 M guinidinium isothiocyanate and disrupted briefly in 
a blender?. RNA was pelleted by centrifugation through 5.7 М 
CsClin 0.1 M EDTA at 35,000 r.p.m. for 16 h at 20°C in a Beckman ` 
SWS0.1 rotor. For brains, the RNA pellet was resuspended in 195 
SDS, 10 mM Tris-HCI pH 7.4, 5 mM EDTA and extracted with 
4:1 chloroform/1-butanol. The aqueous phase was brought to 
0.3 M sodium acetate and RNA precipitated with 2.5 vol. ethanol 
at —20*C. For liver and spleen, the RNA pellet from the Cs 
spin was resuspended in 7.5 M guanidinium-HCl, 20 mM sodium 
acetate pH 7.0 and 1.0 mM dithiothreitol (DTT) and precipitated 
with 0.5 vol. ethanol at ~20°C. The pellet was resuspended in 
water, brought to 0.3 M with sodium acetate and precipitated with — 
2.5 vol. ethanol at —20 °C. For brain, liver and spleen, RNA pellets E 
were resuspended in water, adjusted to 20 mM Tris-HCl pH 7,5, - 
1 mM EDTA, 0.5 M LiCl, 0.2% SDS, then passed through ап 
oligo(dT)-cellulose column, washed with similar buffer, and 
poly(A) RNA was eluted with H,O. Poly(A) RNA was brought: 
to 0.3 M sodium acetate and precipitated with ethanol at —20 °С 
as before. RNA was stored at ~20°C as an ethanol precipitate. 
For analysis of mRNA, 3-6 ug of RNA was pelleted from the 
ethanol suspension, dried, redissolved in 0.01 M sodium phosphate 
buffer pH 7.4 containing 2 mM EDTA, 50%. formamide and 696 
formaldehyde, heated at 68 °С for 5 min and fractionated by elec-: 
trophoresis in 1% agarose in 0.01 M sodium phosphate pH 7. 
6% formaldehyde for 16h at 20 V. Gels were then blotted onto 
nitrocellulose in 20x SSPE?5, and baked at 80°C іп a vacuum for- 
2h. For hybridization to the oligonucleotide probe, filters were : 
prehybridized in 6x SSPE, 0.1% SDS, 0.002 M sodium pyro- 
phosphate, 100 ug ml"! sheared herring sperm DNA and 1x Den: © 
hardt's at 37 *C for 3 h. Oligonucleotides were synthesized on a 
SAM-1 DNA synthesizer (Biosearch, San Rafael, California). To 
include all possible nucleotide sequences giving the published 
PrP27-30 amino-acid sequence, 32 different oligonucleotides were | 
synthesized in a mixture as shown in Table 1; 0.1 pg of the oligonu- : 
cleotide mixtures was labelled with 0.2 mCi of [y-?P]ATP in 
100 mM Tris-HCl pH 7.5, 10 mM MgCl, 10 mM DTT using two 
units of polynucleotide kinase for 1 h at 37 °С. Non-bound radio- 
activity was removed by binding the oligonucleotides to a DES2 
column in 0.1 M NaCl in TE (10 mM Tris-HCl pH 7.5, 1 mM 
EDTA), and eluting with 1.0 M NaCl in TE. The prehybridized 
filter was rinsed in 6x SSPE, 0.1% SDS, 0.002 M sodium pyrophos- 
phate and the ??P-labelled oligonucleotide was allowed to hybridize 
to the filter in this buffer at a concentration of 2 x 10* d.p.m. ті! 
at 37 °C for 18 h. Filters were then washed repeatedly in hybridiz- 
ation buffer withou: probe at 42 *C, and were exposed to film at 
—70*C using a Lightning-Plus intensifying screen. 








Table 1 Protein, mRNA and DNA sequences of PrP27-30, oligonucleotide probe and homologous cDNA clone 





С PrP27-30: 
















Gly Gin Gly Gly Gly Thr His Asn Gin Trp Asn Lys Pro Ser Lys 
1 Predicted mRNA 5 ОСМ CAR GGN СОМ ОСМ ACN CAY AAY CAR UGG AAY AAR CCN UCN AAR 3’ 
Oligonucleotide: 3 GTR ТТЕ GTY АСС ТТЕ TTY GG 5 | 
cDNA: 5С GGA TGG СОС CAA GGA GGG GGT ACC CAT AAT CAG TGG AAC AAG CCC AGC AAA- 
. Predicted т i 
amino acids: Gly Trp] Gly Gin Gly Gly Gly Thr His Asn Gin Trp Asn Lys Pro Ser Lys- | 
t 
CCA AAA ACC AAC CTC AAG CAT GTG GCA GGG GCT GCG GCA GCT GGG GCA- 
Pro Lys Thr Asn Leu Lys His Val Ala Gly Ala Ala Ala Ala Оу Ala- 
20 
GTA GTG GGG GGC CTT GGT GGC TAC ATG CTG GGG AGC GCC GTG AGC AGG- 
Val Val Gly Gly Leu Gly Gly Tyr Met Leu Gly Ser Ala Val Ser Arg- 
40 
ССС ATG ATC CAT ТТТ GGC AAC САС TGG GAG GAC CGC TAC ТАС CGT GAA- 
Pro Met Не His Phe Gly Asn Asp Тр Glu Asp Arg Туг Tyr Arg Glu- 
50 
AAC ATG TAC СОС TAC CCT ААС САА СТС ТАС ТАС AGG ССА GT 3237 
Asn Ме Tyr Arg Туг Pro Asn Gln Val Туг Туг Arg Pro 
70 







































ere found. The oligonucleotide hybridized only to the larger fragment. 


Messenger RNA populations were obtained from brains, 
ers and spleens of scrapie-infected mice or hamsters. The 
igonucleotides hybridized with 1-3 bands in 9 of 15 samples 
nalysed; however, in no case was there evidence for a scrapie- 
ecific mRNA species (Fig. 1). In each case, uninfected cells 
organs showed a band(s) similar to that seen in infected cells. 
he bands exhibited some ‘organ specificity’ as both hamster 
mouse brain and mouse neuroblastoma cells showed a 
tominent 2.4-2.5-kb band which was not seen in mouse spleen. 
re was a weaker reaction with a similar-sized band in mouse 
hamster liver. After longer exposure of the autoradiographs, 
econd band (1.3 kb) was seen in mouse liver and two other 
ds (2.0 and 1.2 kb) were seen in mouse neuroblastoma cells. 
owever, when the blots were washed at higher temperatures 
48 °C), most of these bands disappeared and only the 2.5-kb 
ands seen in the brain and neuroblastoma cells remained (data 
ot shown). 

Ла the hybridization conditions used, the oligonucleotides 
лау have hybridized to mRNAs having rather poor homology. 
f'a cDNA clone of the message for the. PrP27-30 could be 
isolated, a more precise analysis should be obtained. Therefore, 
e used the oligonucleotides to screen a cDNA library made 
from scrapie-infected mouse brain. One clone was isolated, and 
"its partial DNA sequence indicated that it could be translated 
‘into an animo-acid sequemce identical to PrP27-30 at all 15 
positions known (Table 1). Thus, this clone seemed to contain 
sequence corresponding to the PrP27-30 protein message. 
omparison of the predicted amino-acid. sequence shown in 
"able 1 with a computer bank of known sequences has revealed 
ate no close homology with any protein-tested, except 


R=A or О; Y«C or T (or U); N any base. mRNA from scrapie-infected mouse brain was used to synthesize cDNA using the conditions of 
kayama and Berg" with an oligo(dT) primer. Reverse transcriptase was obtained from Seikagaku America, Inc., St Petersburg, Florida. 
RNA:cDNA duplexes were extracted with phenol-chloroform, precipitated with ethanol, and the second DNA strand synthesized. using the 

hod of Gubler and Hoffman. After extraction and precipitation as above, EcoRI sites were methylated with EcoRI methylase and DNA ends 
led-in with the Klenow fragment of DNA polymerase. DNA was extracted and precipitated again and was ligated to EcoRI 8-mer linkers (New 
ngland BioLabs) using T4 DNA ligase. After 18h at 12°C, the reaction tubes were heated to 70°C for 5 min to inactivate the ligase and linkers 
ere digested for 4h at 37°C with EcoRI (12 units per ug cDNA), Small DNA fragments were removed by microdialysis for 1 h on Millipore VM 
05-pm filters against EcoRI digestion buffer. EcoRI was again added for a second cycle of digestion, followed 
tracted, ethanol-precipitated and ligated to EcoRI-digested calf alkaline phosphatase-digested (Boehringer-Mannheim) Agt 11 ОМА“. The 
ation mixture was packaged using the Packagene system (Promega-Biotec, Madison, Wisconsin) and used to infect Escherichia coli strain Y1088 
f. 25). Plaques were screened by blotting onto nitrocellulose filters** and were probed with **P-labelled oligonucleotide (see Fig. 1 legend). A 
tive plaque was picked off and purified by re-plating twice; DNA was isolated, digested with EcoRI and two insert fragments of 0.9 and 0.8 kb 
Both fragments were isolated on 1% low-melting point agarose (Sea Plaque; 
MC Corp., Rockland, Maine), purified on Elutip ion-exchange columns (Schleicher & Schuell) and subcloned into M13 (mp18)" (BRL) and 
EMBLS (ref. 28). Complementary clones containing both the 0.8- and 0.9-kb fragments were identified by the C test", and the partial DNA 
sequence was determined using the dideoxy method. The 0.8-kb fragment, which did not hybridize with the oligonucleotide, had а 60-70-base 
ly(dT) region at the junction with the M13 vector (sequence not shown), indicating that this DNA fragment was copied from the poly(A)-containing 
end of the mRNA. The 0.9-kb fragment, which hybridized with the oligonucleotide probe, had no poly(dT) sequence at either end, indicating 

this fragment was derived from the 5’ end of the mRNA. The preliminary DNA sequence of one end of this fragment is shown. The amino-acid 
anslation of this sequence shows exact homology with the published 15-amino-acid sequence of PrP27-30 (boxed). There is an open reading 
me which continues as far as the sequence was read (237 bases from the EcoRI site of linkage to the M13 vector). 


by microdialysis. DNA was then 


PrP27-30. When the clone was used as a probe against various 
mRNAs, a prominent 2.4-2.5-kb band was seen in both normal 
and scrapie-infected mouse and hamster brain (Fig. 2); there 
was no evidence for any unique mRNA associated with scrapie 
infection. Furthermore, there was no reactivity with any mRNA 
in mouse spleen, which is known to contain significant 
infectivity'**°. Liver mRNA also failed to hybridize with the 
cDNA clone, indicating that PrP27-30 was not synthesized in 
this organ and reactivity of liver mRNA with the oligonucleotide 
probably detected a message unrelated to PrP27-30. 

These results suggest that the published PrP27-30 sequence 
may not be specific for the infectious scrapie agent; our data 
imply that a similar protein exists in uninfected mouse and 
hamster brain. However, if expression of this protein is associ- 
ated with scrapie disease", post-transcriptional regulation could 
conceivably result in increased levels of the protein in infected 
brain tissues. It is also possible that the messages detected in 
normal and infected tissues encode proteins which differ by 
point mutations or post-translational modifications; this might 
result in important biological variations similar to those encoun- 
tered with certain cellular onc genes?'. If this were the case, the 
normal homologue of the scrapie gene sequence would be 
endogenous in normal brains. It is interesting to note that 
PrP27-30 of mouse and hamster must be highly homologous as 
the hamster PrP27-30 protein sequence was identical to the 
„translated sequence derived from mouse brain cDNA. 

Another, to us more likely, interpretation of these results is 
that PrP27-30 is a normal protein of both mouse and hamster 
brain which is apparently synthesized in neurones such as the- 
neuroblastoma cell line tested. This protein may be a component: 
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Fig. 2 Hybridization of the PrP27-30 cDNA clone with various 
mRNAs from hamster and mouse. Poly(A) RNA from various 
organs was electrophoresed in a formaldehyde agarose gel, blotted 
onto nitrocellulose, baked for 2h in vacuo, then prehybridized in 
2x SSPE, 0.1% SDS, 5x Denhardt's, 50 pg ті! denatured salmon 
sperm DNA at 65 °C for 3 h. Hybridization to the nick-translated 
(specific activity 5x10" d.p.m. ир!) 0.9-kb cDNA clone in the 
pEMBLS vector was done in similar conditions for 40 h. Blots were 
washed three times for 30 min with 2x SSPE, 0.1% SDS and once 
with 0.1x SSPE, 0.1% SDS at 65 °C, and were exposed to film. +, 
Scrapie-infected; —, uninfected. When blots previously hybridized 
to the oligonucleotides (Fig. 1) were eluted and rehybridized to 
the cDNA clone, the bands detected migrated in an identical 
manner to the 2.4-2.5-kb bands detected by the oligonucleotides 
in mouse and hamster brain and neuroblastoma cell RNA; mouse 
and hamster liver and spleen RNA on these blots showed no 
hybridization with the cDNA probe (data not shown). 


of the scrapie-associated fibrils which appear to be a consistent 
pathological feature of scrapie infection and disease; in this 
case, PrP27-30 would be concentrated during the isolation pro- 
cedures used to purify the fibrils and the associated scrapie 
infectivity. It remains to be seen whether this protein has an 
active or passive role in the pathogenicity of scrapie infection. 
We thank Gary Hettrick and Robert Evans for graphics аѕѕіѕі- 
ance, and Helen Blahnik for preparing the manuscript. 
Note added in proof: Since submission of this manuscript we 
have become aware of results by Oesch et al. (Cell, in the press) 
concerning cloning of PrP27-30-specific cDNA from scrapie- 
infected hamster brain. The DNA sequence of this hamster 
clone, kindly provided by Dr S. Prusiner, shows 8496 base 
homology with the mouse cDNA sequence given in Table 1. 
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B-cell stimulatory factor-1 (BSF-1)', formerly designated B-cel 
growth factor, is a T-cell-derived factor required for entry int 
the S phase of the cell cycle by B cells stimulated with lo 
concentrations of anti-IgM antibodies" 5. BSF-1 acts directi 
resting B cells to prepare them to synthesize DNA more promptly 
on subsequent exposure to competent stimuli?" and to strikir 
enhance their expression of class II molecules of the major h 
tocompatibility complex??. Previous studies have shown t 
murine BSF-1 can be separated physically from interlenk 
(IL-2) and that the molecule has an apparent relative molecular 
mass (M,) of ~ 15,000 and pI values of 6.4-6.7 and 7.4 (ref. 1 
Here, we report the production of a monoclonal antibody to BSF: 
its use in characterizing BSF-1, and functional studies demonstr: 
ing that this molecule is distinct from IL-1, IL-2 and IL-3. 
BSF-1 was obtained from 5-10-1 batches of serum-free supe 
natants of cells of the EL-4 line, a C57BL/6 thymoma, whic 
had been induced with 48-phorbol 128-myristate 12a-acetate 
(10 ng mI, Sigma) for 48 h. Partially purified BSF-1 was us 
to immunize rats, and spleen cells from these animals used to 
obtain hybridomas (Fig. 1 legend). Subcloning of a select 
hybridoma produced two lines, 18F10 and 11B11, both secreting 
rat IgG1 antibodies, which possessed identical properties a 
were used interchangeably (Fig. 1 legend). "E 
Figure la illustrates the absorption assay for BSF-1 and 
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demonstrates that 18F10 binds a major fraction of BSF-1 activity 
(9 О) when plates are coated with 40 ng of purified monoclonal 
antibody (Fig. 1a). Both 18F10 and 11B11 block BSF-1 activity 
when added directly to co-stimulation assays (Fig. 1b). As little 
as 8ng of antibody рег 200! culture almost. completel 

inhibited the response of resting B cells to Bet-2, a monoclonal 
rat anti-mouse IgM", and 2 U of BSF-1. A rat IgG antibod 





Table 1 Binding to and elution from anti-BSF-1 affinity column: 





Volume BSF-1 activity ` 
(ml) Оті! Total 
Applied sample б 
(TMS-CpG fraction) e$ 5,700 28,500 
Effluent 5 49 245 
Acetic acid (0.8 M) 
eluate 0.4 74,000 29,600 





А 5-ml sample of TMS-CpG-fractionated EL-4 supernatant w. 
applied to an affinity column (2 ml packed volume). The effluent (5 ml) 
was collected and the column was washed with 20 ml of NaCl (1M 
20 mi NP40 (0.5% ) in water, 20 ml phosphate-buffered saline and 20m 
water. The column was then eluted with 20 ml of 0.8 M acetic acid. Th ; 
eluate was lyophilized end reconstituted with 0.4 ml water. BSF-1 activity 
was measured in the anti-IgM co:stimulation assay using Bet-2. 
































.Fig.1 Monoclonal anti-BSF-1 absorbs BSF-1 

с. (a) and inhibits BSF-1 activity (b). 
Methods. Partial purification of BSF-1, to be 
described in detail elsewhere (J.O. et al, in 
preparation), involved adsorption to and elu- 
tion from trimethyl silyl(TMS)-derivatized con- 
trolled pore glass beads (TMS-CpG; Sepralyte; 
Analytical Chemicals, Harbor City, California) 
followed by reverse-phase HPLC. This yielded 
a >2,000-fold increase in specific activity as 
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; H а-и + В5$Е-1 ” Medium 
measured in units (U) defined by the amount AM au + BSF-1 (18Р10 A BSF-1 
of BSF-1 required for half-maximal responses 0—0 а-н + BSF-1 (367) e adi 
о ау + BSF 





inthe anti-IgM co-stimulation assay, using rest- 
ing B cells as a test population’. Lew/Sn rats 
were immunized with 1.4 x 105 U of TMS-CpG- 
purified BSF-1 emulsified in complete Freund's 
djuvant. Animals were boosted twice with 
3.6 X105 U of HPLC-purified BSF-1 in incom- 
‘plete Freund’s adjuvant, and challenged in- 
travenously with 3.6 x10° U of HPLC-purified 
.-BSF-1. Three days later, spleen cells were fused 
with the P3-NS-1/1-Ag4-1 line of the P3-X63- 


eS a-p BSF-1 + 18F10 
Y- -- oy + BSFO + 11811 
OO а-и + BSF-1 + 3С7 


H-thymidine uptake(c.p.m. х ЮЗ) 
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ihi Ae 40 200 
Ag% myeloma. Hybridoma supernatants were None киса ны esl Юю None 8 MN и mee. 
“screened for anti-BSF-1 activity by an absorp- r Saiak - 

on technique in which 24-well culture dishes e% 5 % : 4 3 2 


Ascites{ x10"? dil. per well) Ascites(x 10" dil per well) 


€ coated with ion-exchange chromatog- 
phy-purified rabbit anti-rat immunoglobulin. 
‘gated culture dishes were incubated with hybridoma supernatants for 4 h, washed and then incubated with a standard amount of HPLC-purified 


BSF-1 for an additional 4 h. BSF-1 activity remaining in solution was assessed by culturing samples with resting splenic B cells from BALB/c 
“mice in the presence of purified goat anti-mouse IgM (5 pg ml!) or Bet-2. Uptake of ?H-thymidine was measured after 3 days of culture. Of 
‘fusion wells with growing hybridomas, 6 were selected for further study on the basis of this assay. Of these, cells from one fusion well 
hich had reproducible absorptive activity at a high dilution were used in the remaining experiments. The cells from this well were subjected 
о a series of subclonings, the last of which yielded 18F10 and 11B11, both secreting rat IgG1 antibodies. a, Absorption of BSF-1 activity. 
issue culture wells (Cluster 24, Costar) were incubated with 10 ig of purified rabbit anti-rat- immunoglobulin, washed and incubated with 
us concentrations of purified 18F10 (anti-BSF-1) or with various dilutions of ascitic fluid containing 3C7 (anti-IL-2 receptor). After 
ashing, HPLC-purified BSF-1 (9 U) was added to wells, allowed to incubate for 4 h and supernatants were tested for residual BSF-1 activity 
he anti-IgM (а-и) co-stimulator assay. Bet-2, a monoclonal a-j, was incubated with purified B cells (1x 105 per 0.2 ml) in the presence 

‘sorbed supernatants and uptake of ?H-thymidine measured 3 days later. As controls, ?H-thymidine uptake with medium alone, а-и, 
F-1, or а-и and BSF-1 are shown. b, Inhibition of BSF-1 activity. Purified B cells were incubated with Bet-2 and BSF-1 (2 U) in the 
































ke of *H-thymidine was measured 3 days later. 


11В11 3С7 
10^ 107^ 107° 107* 
425 497 403 296 176 
1 21,020 1,295 3,425 25,160 18,640 
esponse of thymocytes to PHA and IL-1* 
0 18F10 3C7 50C1 
one 660 580 441 336 
PHA (2 pg mI!) 1,395 1,651 1,120 1,313 
PHA  IL-1 (50 U} 90,943 87,877 19,451 68,788 
ésponse of HT-2 cells to IL-2* 
Я 0 18F10 3C7 50C1 
one 143 — — — 
2 (0,3 Umi’) 22,913 19,290 5,300 23,983 
nse of DA-1 cells to IL-3* 
TH 0 Иви 50C1 
ne 40 — — 
-WEHI-3 supernatant (1:5) 22,073 29,590 21,686 


Tc a ananassae 
-thymidine uptake in response to anti-IgM and BSF-1 (10 U mi^!) 
fas measured at 3 days of culture and responses to IL-1, IL-2 and IL-3 
ere measured at 2 days of culture and recorded here as c.p.m. Assays 
ere performed as described in ref. 14 for IL-1, ref. 15 for IL-2 and ref. 
6 for IL-3, except that in the last case the concentration of the fetal 
if serum (FCS) was 2% rather than 10%. 18F10 and 11B11 are rat 
onoclonal antibodies to BSF-1; 3C7 is a rat monoclonal antibody to 
1E-2 receptor; 50C1‘is a rat monoclonal anti-dinitrophenyl antibody; 
? and 107° refer to dilutions of ascitic fluid. 3C7 inhibits the prolifer- 
jon of thymocytes in response. to phytohaemagglutinin (PHA) and 
T because of the involvement of IL-2 in that response; it also inhibits 
proliferation of HT-2 cells in response to IL-2, as the IL-2 receptor 
| to such proliferation. 
itie fluid dilution of 1077 used in these experiments. 


ce of various amounts of purified 18F10 or 11B11 (anti-BSF-1) or of various dilutions of ascitic fluid containing 3C7 (anti-IL-2 receptor), 


the IL-2 receptor (3C7, generously provided by Drs G. Ortega, 
E. Shevach and T. Malek'?) had no inhibitory activity, indicating 
that the response of resting B cells to anti-IgM and BSF-1 does 
not depend on IL-2, and providing a control for nonspecific 
inhibition. 

To characterize BSF-1 more fully, 1.2 x 105 U HPLC-purified 
BSF-1 was labelled with 51 by the chloramine-T method. A 
sample of this material was incubated with affinity-purified 
monoclonal antibody and immunoprecipitated with Sepharose 
beads to which rabbit anti-rat immunoglobulin had been 
coupled. SDS-polyacrylamide gel electrophoresis (PAGE) of 
dissolved immunoprecipitates yielded two major bands which 
migrated with apparent molecular sizes of 19,000-20,000 and 
14,000, respectively (Fig. 2a). Two-dimensional gel elec- 
trophoresis (isoelectric focusing followed by SDS-PAGE)" 
indicated that the 19,000-20,000- M, species had a pI of 6.7; the 
material of lower M, was not detected on the two-dimensional 
gel (Fig. 2b). The pH range examined was 4.6-7.1 and it is 
possible that the 14,000- M, molecule had a pI outside this range 
and migrated off the gel. 

HPLC-purified BSF-1 was subjected to SDS-PAGE, then 
individual lanes were transferred to nitrocellulose paper for 
protein blotting" or cut into fragments for extraction and assay 
of BSF-1 activity (Fig. 3). '**I-labelled antibody bound to two 
bands, migrating with mobilities of 19,000-20,000 and 14,000, 
respectively. Analysis of extracted material showed that the bulk 
of the BSF-1 activity co-migrated with the 19,000-20,000- M, 
species. 

The antibody could also be used for purification of BSF-1 
from complex mixtures (Table 1). An affinity column was pre- 
pared by conjugating a mixture of 18F10 and 11B11 to CnBr- 
activated Sepharose 4B (1-2 mg antibody per g Sepharose). 
TMS-CpG-purified EL-4 supernatant (2.85 х10* 0 BSF-1) was 
applied to a 2.0-ml column; 200 U appeared in the effluent and 22. 
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Fig. 2 SDS-PAGE (a) and two-dimensional gel electrophoresis 
(b) of immunoprecipitates of HPLC-purified '?5L-labelled BSF-1. 
a, SDS-PAGE of HPLC-purified '°1-BSF-1 and of immuno- 
precipitates prepared with anti-BSF-1 or with normal rat serum. 
Samples were electrophoresed in 20% polyacrylamide at a constant 
voltage of 150V. Autoradiographs were prepared using an 
intensifying screen and Kodak X-Omat film. Lane 1, SDS-PAGE 
of HPLC-purified '5I.BSF-1. Lane 2, SDS-PAGE of a sample 
prepared by overnight incubation of HPLC-purified !251-ВЅЕ-1 
with affinity-purified 18F10 and 11B11 (100 wg), absorption with 
Sepharose 4B, and then binding to rabbit anti-rat immunoglobulin 
coupled to Sepharose 4B. The sample was dissolved by boiling in 
0.1% SDS in 2 mM dithiothreitol, 1 mM EDTA. Lane 3, SDS- 
PAGE of a sample prepared identically to that in lane 2 except 
that normal rat serum (10 pl) was used in place of 18F10 and 
11B11. b, Two-dimensional electrophoresis of a replicate sample 
of the immunoprecipitate applied to lane 2 of the SDS-PAGE in 
a, The dissolved sample was placed in a buffer containing 9.5 M 
urea, 2% NP40, 2% ampholines (1.6%, pH 5-7; 0.4%, pH 3-10), 
and 5% B-mercaptoethanol in water and applied to ап elec- 
trofocusing gel. After focusing, the sample was subjected to SDS- 
PAGE. The pH range analysed was 4.6-7.1. Only a portion of the 
autoradiograph is illustrated here. M, values given are x10 ?. 


elution with 0.8 M acetic acid yielded 2.96 x 10* U. When BSF-1 

| was applied to a control column, prepared by conjugating nor- 

¿> malrat immunoglobulin to Sepharose 4B, essentially all applied 
BSF-1 activity appeared in the effluent. 

The antibody has also been used to test the relationship of 
BSF-1 to several other well-defined lymphokines. Table 2 indi- 
cates that although 18F10 ascites at a dilution of 1074 causes 
marked inhibition of BSF-1 activity, the activities of IL-1, IL-2 
and IL-3 tested, respectively, in a thymocyte аѕѕау!5, on the 
growth of HT-2 cells! and in the stimulation of an IL-3-depen- 
dent T-cell line, DA-1 (ref. 17), are not inhibited even at dilutions 
of ascitic fluid of 1072, 

We found a discrepancy in the apparent size of the active 
BSF-1. Previous studies, based on separation of EL-4 super- 
natants by phenyl Sepharose chromatography and characteriz- 
ation on SDS-PAGE, had indicated respective M,s for BSF-1 
of 15,000-16,000 and 11,000 (ref. 10). The present results indi- 
cate that two major molecular species bear an antigenic deter- 
minant that reacts with the monoclonal anti-BSF-1 antibody. 
The larger, 19,000-20,000- M, species, has BSF-1 activity, 

2 whereas the activity of the smaller species remains unresolved. 
The BSF-1 used in the present studies was prepared from the 
‘same cell line used in the previous work, the antibody seems to 
bind to virtually all material possessing BSF-1 activity in EL-4 

supernatant, and the co-stimulation assay used is essentially 
identical. Gel filtration studies of a human BSF-1-like molecule 
have revealed a M, of 17,000 which fell to 14,000 on treatment 
with 4 M urea’, raising the possibility that changes in apparent 
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BSF-1 activity СИ рег fragment) 


Fig. 3 Protein blctting (a) and BSF-1 activity of HPLC-purifie 
BSF-1 separated on. SDS-PAGE (b). a, 2.8 x10* U of HPL 
purified ВЅЕ-1:іп 20 pl was separated by SDS-PAGE as in Fig. 
2a. Low-M, markers (x107?; Pharmacia) were included i in th 
lanes and in paraliel lanes. The contents of this lane were tran: 
ferred to nitrocellulose paper, using a Transblot Cell (Віо-Ва‹ 
and developed with '?°I-labelled 11B11. b, 2.8 x 10* U of HPL 
purified BSF-1 in 20 41 was separated by SDS-PAGE. The 1 
was cut into 0.5-cm fragments which were disrupted in 20% FC 
containing medium by cycles of freezing and thawing; extra 
material was assayed for BSF-1 activity and is shown in units p 
fragment. Low-M, markers were included in the separated samp! 
and in adjacent lanes: the latter were stained with Coomassie blu 

to determine the location of each marker. 


M, result from the паге оѓ the. purification procedu 
Nonetheless, the relationship between the active 19,000- 


Results indicating that BSF-1 is distinct from IL-1, IL-2 3 
IL-3 confirm earlier but less direct work? ^'^, This, together wi! 
the absence of interferon activity in BSF-1 preparations, ind 
cates that BSF-1 is unique. : 

Thus, our results demonstrate the value of the monoclon 
antibody to BSF-1 as a tool for the molecular characterizat 
and purification of this lymphokine. Indeed, it had previ 
been proposed that this stimulant be designated BSF-p1, the 
reflecting the provisional assignment of the designation irt 
of the still-partial characterization of the molecule! 
development of a monoclonal antibody and our more precis 
characterization now allows us to refer to this as BSF-1 

The finding that the monoclonal antibody is а powe: 
inhibitor of BSF-1 activity in the anti-IgM co-stimulation assa 
may allow the role of BSF-1 to be examined in a wide varie 
of in vitro and in vivo immune responses, by incorporating th 
antibody in culture or by treating animals with anti-BSF-1. Suc! 
studies are now in progress. 
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Anti-idiotypic T cells suppress rejection 
renal allografts in rats 
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Kidney allografts between inbred rats differing at the major his- 
mpatibility complex (MHC) are normally rejected, usually 
10 to 12 days. In many strain combinations, however, 
graft epe can be induced by either immuno- 
14 or a short course of immunosuppressive 
motherapy™®. In pr cases, prolonged graft survival is accom- 
by the appearance in the spleen of a population of sup- 
cells, When transferred to a syngeneic host, these cells 
or strikingly diminish the rejection response elicited by 
allograft of the same genotype as the original kidney 
We have now examined the properties of these suppressor 
nd have detected a subpopulation that proliferates in vitro 
timulated by irradiated syngeneic T blasts reactive to MHC 
tigens of the kidney donor strain. Comparable proliferation, 
ever, is not induced either by syngeneic blasts reactive to a 
in or by polyclonal syngeneic blasts. These results support 
pothesis that this subpopulation is anti-idiotypic, with speci- 
the idiotypes carried by syngeneic T cells stimulated by 
ney allograft. Such anti-idiotypic cells could function as 


Long-lived immunologically enhanced kidney allografts were 
duced as follows: AS (RTI!) recipient rats were given 50 x 10° 
nor strain spleen cells intravenously 12 days before trans- 
tation, together with three injections of AS anti-donor anti- 
rum on days —11, 0 and +1. This procedure induces donor- 
ecific hyporesponsiveness in the AS recipient, enabling it to 
cept a semi-allogeneic (AS x AUG)F,) kidney graft, and sub- 
quently a fully allogeneic homozygous AUG graft that survives 
functions indefinitely. At least two mechanisms seem to be 
ed. in long-term allograft survival. First, the strong 
nogenicity characteristic of a primary MHC-incompatible 
reduced as donor strain dendritic cells are lost from the 
ed tissue’ and second, the graft recipient progressively 
Ops increasing hyporesponsiveness to the donor genotype, 
| can be adoptively transferred in a population of splenic 
lymphocytes". 

ng-term kidney allograft survival can also be induced with 
e use of immunosuppressive drugs, of which cyclosporin is 
€ of the most effective currently available*~>. In the rabbit, 
&nd in many rat strain combinations, indefinite graft acceptance 
can be achieved following a limited course of drug treatment 
for 2-4 weeks*?. Recent evidence suggests that long-term graft 
urvival after pharmacological immunosuppression may depend 
on similar mechanisms to those responsible for the maintenance 
age of immunological enhancement. Similar mechanisms may 
o apply in clinical organ transplantation, because patients 
Ww diminishing requirements for immunosuppression during 
later post-transplant period. Consequently, the properties 
h putative suppressor cells, in particular their specificity, 
ге of considerable interest. 

experimental protocol to investigate cell specificity in 
showni in Fig. 1. Strain AS (RTI!) rats carrying кере 
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Strain AS (RTI) rat carrying 

accepted semi-allogeneic (AS x AUG)F, 

or fully allogeneic AUG (КТ1°) or 

WAG (RTI") kidney graft for at least 100 days 


| 


day-6  Re-challenge with 10x 10° (AS x AUG)F,, 
| AUG or WAG spleen cells i.v. 


day 0 Spleen excised 


Spleen cells form responder 
population in MLC against: 
(1) no cells 
(2) syngeneic spleen cells 
(3) allogeneic spleen cells of kidney donor genotype 
(4) polyclonally-activated syngeneic cells 
(5) syngeneic MLC blasts reactive to kidney donor 
and third-party strains 
MLC pulsed with 1 pCi ?H-TdR 


MLC harvested and assayed for proliferation 


Fig. 1 Model of in vitro culture system. 


(ASxAUG)F, or AUG (RT1‘) kidneys (immunological 
enhancement), or AUG or WAG (RTI") kidneys (pharmacologi- 
cal immunosuppression) were boosted with 10 x 10* spleen cells 
of kidney donor genotype on day —6 to maximize the number 
of suppressor cells present in the spleen. On day 0, the spleens 
of these animals were excised, and cell suspensions prepared 
in culture medium (RPMI 1640 supplemented with 2mM L- 
glutamine, 100 units penicillin and streptomycin per ml, 5% 
heat-inactivated fetal calf serum v/v). These spleen cells, at 
2 x 105 viable lymphocytes per ml, formed the responder popula- 
tion for mixed leukocyte cultures. 

Stimulator cells were prepared as follows. Activated blasts of 
the same strain as the graft recipient (AS, RTI!) were generated 
in vitro by polyclonal activation or in mixed leukocyte culture 
(MLC). Polyclonal blasts were collected 3 days after stimulation 
with concanavalin А (Con A, 1 wg ml !), whereas blasts gener- 
ated in MLC against either the kidney donor strain (AUG or 
WAQG) or against an unrelated third party strain were restimu- 
lated (2? MLC) with the same antigen on day 10 of culture, and 
were harvested 3 days later. Normal spleen cells of both recipient 
and donor strains were also prepared. Activated blasts and 
normal cell suspensions were X-irradiated (3,000 rad) before 
use. 

Responder (R) and stimulator (S) populations were then 
mixed at R:S of 1:1 in the presence of 2-mercaptoethanol 
(2-МЕ, 5х107° M), and were maintained in vitro for 5 days 
(optimal time-course determined from previous experiments, 
data not shown). The cells were pulsed with ?H-TdR 1 pCi ml * 
for the final 18 h of culture. 

Results of cell proliferation in response to the different stimu- 
lating populations are presented in Tables 1 and 2. Essentially 
similar results were obtained using spleen cells from animals 
with long-surviving kidney allografts irrespective of the method 
used to ensure protection of the graft. Table 1 presents spleen 
cell responses of rats with enhanced grafts and Table 2 those 
of rats that had received immunosuppression consisting of cyclo- 
sporin (10 mg per kg рег day by gavage for 14 days post- 
transplant). In each case, spleen cells from animals with long- 
surviving kidney allografts showed a diminished response to 
stimulator cells of kidney donor genotype when compared to 
spleen cells from naive control animals. However, they demon- 
strated marked proliferation in response to syngeneic 2° MLC 
blasts reactive to the kidney donor strain: Significantly, this 
proliferative response was not elicited by polyclonal syngeneic 
blasts, or by 2? MLC blasts reactive to a third party strain, 
indicating that cells from the kidney graft recipient were. n 


















‘Proliferative responses of spleen cells from individual AS (RTI!) rats carrying long-surviving immunologically enhanced (AS ХА 
or homozygous AUG (ЕТІ) kidneys 

















Stimulator cells 
AS blasts generated 
Source of Normal Normal Con A-stimd in 2? MLC, reactive to: 
responder cells Expt No cells AS spleen AUG spleen AS blasts AUG WAG 


2.1401 2.00.0 4.5 + 0.8 34203 731.1 3.5+0.5 
1.1204 1.2x 0.1 3.60.2 , 32x04 6.40.9 3.00.1 









Strain AS rat carrying 
(AS x AUG)F, kidney 






hoe 













- Control, naive AS 1 4740.2 2.0::0.3 9210.4 (324102. 2620.4 3.40.1 
: 2 13x02 1.3+0.1 6.9+0.4 ОЗ. 107 270,4 2.50.4 
Strain AS rat carrying 3 370,5 3.9+0.6 5.00.9 54x 1 3 14411 — 
AUG kidney 4 22:03 2.80.1 $3207 - 44403 29.1 0.5 3.90.4 
5 1.8401 1.8403 4.5+0.3 — 900.7 — ` 
6 2.4+0.7 2.5+1.0 5.0+0.4 = 12.0£1.8 — 










` Control, naive AS 





3 17x01 210. 1692.1 43x07 2 (344207 — 
4 27x02 3.0+0.1 9.9413 3.9406 - 2.90.1 3.4102 
5,6 200.4 24x02 9.5x0.6 — be — 










-Values represent proliferative activity in МІС (c.p.m. +s.e. x 107?). Responder and stimùlator cell preparation. as described in the text. C 
volumes = 200 pl. Six replicates per culture. 






or WAG (RTI) kidneys 










Stimulator cells { 

AS blasts generated 
Source of Normal Normal Normal Con A-stimd in 2° MLC, reactive to: 

responder cells Expt Nocells AS spleen AUG spleen WAG spleen . AS blasts AUG WAG 


| Strain AS rat carrying 7 140.0 1.8+0.3 5.10.3 8.2+0.4 4.3 +0.6 94+0.9 4.2+0.3 
"AUG kidney 8 0.90.1 0.7+0.0 430.6 7.8+0.3 — 7.6: 1.0 3.5+0.2 































‘Strain AS rat саггуійр 7 1.9+0.4 23x04 8.0+0.7 45x02 4230.5 4.03: 0,8 8.51.0 
WAG kidney 8 0.60.1 09:02 8.50.8 4.50.4 — 3340.1 7.43:0.9 
Control, naive AS 7 1.6+0.2 2.0+0.5 8.7x1.1 8.30.8 3.8+0.7 4.0+0.4 34 x:0.1 . 
8 0.8+0.2 0.8+ 0.3 7.4+0.6 6.8+1.1 — 2.9: 0.7 3.0: 0.4 17 +01 





Values represent proliferative activity in MLC (c.p.m.+s.e. x 107°). Responder and stimulator cell preparation as described in the text. Cultu 
volumes were 200 yl, with six replicates per culture. 





. merely being nonspecifically’ stimulated by activated syngeneic ance is mediated by suppressor. cells with anti-idiotypic spe 
_ cells. The slight increase in °>H-TdR uptake by responder cells ity, and Kimura and Wilson'* have similarly concluded 
-in the presence of these non-specific stimulators may possibly resistance to graft-versus-host disease induced in F, rats inj 
be attributed to secretion of interleukins by activated stimulator with sublethal numbers of parental lymphocytes is due to 
cells... cell idiotype responses. Our experiments show that a popul 
These data suggest that a population of T lymphocytes con- of cells capable of transferring suppression powerful enoug! 
tained within the spleens of rats bearing accepted rerial allografts protect à homozygous ‘MHC incompatible kidney graft fi 
can specifically recognize and respond to the idiotypic deter- rejection also contains a subpopulation of T cells which h 
minants present on syngeneic cells reactive to the kidney donor anti-idiotypic specificity in vitro for syngeneic clones dir 
genotype. Other explanations, for example a response against against the MHC antigens of the graft. Taken together, 
г retroviruses carried by syngeneic blasts, are unlikely in view of еуійепсе suggests that anti-T cell idiotype responses may unde 
.the specificity of the response. Likewise the notion that the lie many states of unresponsiveness to. MHC incompat 
spleen. cells from AS rats with Jong-surviving AUG kidneys tissues, and it raises the question as to whether the same mech 








^: proliferate in response to highly immunogenic alloantigen pre- isms are involved in self tolerance. 
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“seems improbable in view of the negligible response of naive research was supported by the MRC and the National Kidne 
AS spleen cells to such blasts. Further, there is a marked diminu- Research Fund. 
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ifferent stages of mammalian development, distinct embryonic, 
and adult haemoglobins are synthesized in erythroid cells, a 
is termed haemoglobin switching. The cellular and molecular 
ehanisms controlling haemoglobin switching have been inten- 
studied, but remain poorly understood’. To study the develop- 
ental regulation of globin gene expression, we have produced 

nsgenic mice^* in which cloned globin genes are present in 
erythroid cells throughout development. Recently, we reported that 

duit mice in several transgenic lines carrying a hybrid 
human adult B-globin gene, expressed the gene in a correct 
specific manner’. This finding raised the question of whether 
ogenous globin gene could also be subject to appropriate 
-specific regulation. We report here that the hybrid B-globin 
, like the endogenous adult B-globin genes, is inactive in yolk 
ived embryonic erythroid cells and is expressed for the first 
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time in fetal liver erythroid cells. Our results indicate that a 
stage-specific pattern of expression can be conferred by cis-acting. 
regulatory elements closely linked to an adult B-globin gene. They 
also suggest that the embryonic and adult -globin genes in the 
mouse are activated (or repressed) by distinct trans-acting regula- 
tory factors present in embryonic, fetal and adult erythroid cells. 

The timing of expression of the various B-like globin genes 
during normal mouse development has been well characterized. 
The first erythroid cells are produced in the blood islands of 
the yolk sac between days 7 and 11 of gestation, and are released 
into the embryonic circulation where they persist until day 15-16 
(refs 8,9). Before day 12, these 'primitive' nucleated erythrocytes 
synthesize the embryonic f-like globin chains y and z^", 
encoded by two genes termed y and Bh! (refs 13, 14); at around 
day 12, the primitive erythrocytes begin to produce small quan- 
tities of the adult B-globin chains?! in addition to the y and 
z chains. The next site of erythropoiesis is the fetal liver, from. 
which smaller, non-nucleated erythrocytes are released, begin- 
ning at ~day 12 and continuing until birth'" ?. In fetal liver 
erythroid cells, all of the B-like globin chains are encoded by 
the adult B-globin genes, and the y and Bhl genes are inac- 
tive™!!, At about day 16, erythropoiesis begins in the spleen 
and bone marrow, where it continues after birth?. The ‘adult’ 
erythroid cells produced in these organs display a pattern of 
globin gene expression similar to that observed in the fetal liver : 
erythroid cells?! ; thus, the mouse has no separate ‘fetal’ globin 
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Fig.1 Analysis of expression of the 
iybrid mouse/human adult B-globin 
gene in embryonic, fetal and adult 
erythroid tissues. Total RNA was iso- 
ated from circulating embryonic 
blood cells and fetal livers, at the 
ndicated days of gestation, and from 
bone marrow of adult mice. The con- 
ntration of hybrid mouse/human 
globin mRNA in each RNA 
ample (10р) was determined by 
dridization with an excess of a 
probe specific for the 3' (human) end 
of the mRNA, followed by S, 
nuclease digestion and elec- 
trophoresis on a polyacrylamide gel 
containing 7M urea?^-7*, p, Position 
ndigested 0.75-kb probe. pf, Posi- 
nof the 212-nucleotide protected 
agment indicating (see diagram) line 46 line 49 line 77 
rrectly terminated human or hybrid mouse/human f-globin mRNA (the bands of lower relative molecular mass ( M,) were not reproducibly 
)bserved and are believed to be S, nuclease artefacts). It has previously been shown that the hybrid mRN4 has correct 5' termini'. M, M, 
markers (ФХ174 DNA digested with Hinfl). A, Transgenic mouse line 46: lanes a-c, positive control hybridizations with human cord blood 
RNA samples containing 1.4, 7 and 14 pg, respectively, of 8-globin mRNA. B, Transgenic mouse line 49: lanes a-d, human cord blood RNA 

ntaining, respectively, 14, 70, 1.4 and 2.8 pg of 8-globin mRNA. C, Transgenic mouse line 77. The steady-state level of endogenous B-globin 
mRNA in both fetal liver and adult bone marrow RNAs, expressed as a fraction of total RNA, is — 107° (Fig. 2 and ref. 7). The approximate 

eady-state levels of the hybrid B-globin mRNA, determined by comparison with human B-globin mRNA standards, were: line 46 fetal livers: 
(days 14.5-17.5), 3x 1075; line 46 bone marrow, 1.5 x 10 7; line 49 fetal livers (days 12.5-15.5), 5 х 1077; line 49 bone marrow, 107°; line 77 
fetal livers, 2 x 10 2; line 77 bone marrow, 2 x 1075, Lines 46 and 49 each contain one copy of the hybrid gene per diploid genome, while line 
77 carries three copies’. е 
Methods. Homozygous transgenic males from lines 46 and 49 were mated with normal C57BL/6J females and the resulting hemizygous 
: transgenic embryos were dissected out at various stages of gestation. The day on which the copulation plug was observed was designated day 
0. In line 77, which carries the foreign gene on the X chromosome, hemizygous transgenic males were mated with homozygous transgenic 
females to produce 100% transgenic (hemizygous male or homozygous female) embryos. Embryos in their extraembryonic membranes were 
first washed in phosphate-buflered saline (PBS) containing 10 U ml ^! heparin (PBS/H) to remove maternal blood. The membranes were then 
removed, the embryos were bled from the umbilical cord into PBS/H, and the cells were collected by centrifugation. Blood cells or whole 
fetal livers were pooled from 5-10 embryos at the same stage of gestation, and total RNA was isolated by homogenization in 4M guanidine 
thiocyanate and centrifugation through ССР“, RNA concentrations were determined from the Azs and confirmed by electrophoresis on 
enaturing formaldehyde/agarose gels’, which also showed that the RNA preparations were undegraded, as judged by the ribosomal RNA 
profiles. Preparation of the probe, hybridization and S, nuclease analysis were performed as described elsewhere". The concentration of 
B-globin mRNA in the human cord blood RNA was determined by Rot analysis (data not shown) to be 1%, in agreement with published 
estimates of the globin mRNA content of reticulocytes”. 




















genes. This contrasts with the pattern of haemoglobin switching 
in humans, in which the adult B-globin gene encodes only ~5% 
of the B-globin chains in fetal liver erythroid cells (the majority 
being encoded by the fetal ^-у and 9.y genes) and becomes 
maximally active after birth". 

> The transgenic. mice used in this study carried between опе 
and three copies of a hybrid mouse/human £- -globin gene that 
s of the mouse A adult globin gene 










lines were found & to press the forge globin gene exclusively 
or redominantly in erythroid tissues. Here we examine the 
x ) ental regulation of the hybrid B-globin gene in three 
of the ines, numbered 46, 49 and 77. 
rculating blood was collected from transgenic embryos at 
ау 10.5 or 11.5 post-coitum (p.c.), a stage at which essentially 
| of the blood cells аге primitive erythrocytes derived from 
the yolk sac. Whole livers, consisting largely of fetal erythro- 
blasts, were dissected {тот 12.5-17.5-day p.c. fetuses. In addi- 
tion, bone marrow was obtained from the femurs of adult 
transgenic mice. Total RNA was isolated from each of these 
tissues, and the level of hybrid mouse/human f-globin 
messenger RNA was measured by hybridization with, a ??P- 
labelled probe specific for the human portion of the mRNA, 
followed by digestion with S, nuclease, electrophoresis on polya- 
crylamide gels and autoradiography?" aa 
“No hybrid mouse/human f-globin mRNA was detected in 
blood cell RNA from 10.5- or 11.5-day p.c. embryos, in any of 
the three transgenic lines examined. In ‘contrast, the foreign 
‘mRNA was detected in fetal livers at all stages examined, as 
well as in the adult bone marrow (Fig. 1). For comparison, the 
expression of the endogenous adult B-globin genes in the same 
tissues was monitored by hybridization with a probe specific for 
mouse adult B-globin mRNA (Fig. 2). As expected, the 
endogenous adult mRNA was detected only in trace amounts 
in circulating blood of 11.5-day p.c. or earlier embryos, but was 
present at a high level in the fetal liver and adult marrow. To 
ensure that the circulating embryonic blood cells analysed were 
indeed erythroid cells containing globin mRNA, the RNA pre- 
A parations were hybridized with a probe specific for the mouse 
ot embryonic y-globin mRNA. The y-globin specific probe hybrid- 
ized strongly with RNA from 11.5-. or 12.5-day p.c. embryonic 
"blood, but not with fetal liver RNAs (Fig. 3). We conclude that 
"the mouse/human hybrid B-globin gene in three different trans- 
“genic mouse lines is inactive in embryonic blood cells, and is 
first expressed in the fetal liver erythroblasts. This pattern of 
switching is identical to that of the endogenous adult 8-globin 
genes. | 
. Several aspects of the regulation of the exogenous globin gene 
differed significantly from that of the endogenous adult 8-globin 
‘genes. First, the steady-state level of the hybrid B-globin mRNA 
did not exceed 2-3% (per gene copy) of the level of endogenous 
B-globin mRNA (see Fig. 1 legend) in either fetal liver or adult 
bone marrow cells’. Second, when the relative levels of 
, expression of the foreign gene in fetal and adult erythroid tissues 
were compared, two different patterns were observed, each 
somewhat different from that of the endogenous adult 8-globin 
genes. The endogenous adult B-globin mRNA was present at 
i. approximately equal levels in fetal liver and adult bone marrow 
77 RNA preparations, in each of the transgenic mouse lines (Fig. 
222). In mice of lines 46 and 49, the hybrid B-globin mRNA was 
“present at a 5-20-fold lower level in 12.5-15.5-day p.c. fetal liver 
-CRNA than in adult bone marrow RNA (Fig. 1). This low 
- :fetal/adult expression ratio is characteristic of the adult B-globin 
gene in humans”, suggesting a possible influence of human 
B-globin sequences in the hybrid gene. However, in the third 
transgenic line examined (77), the hybrid B-globin mRNA level 
гожае 10-fold higher in fetal liver than in adult bone marrow (Fig. 
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` Similarly, in a fourth transgenic line, 75A (ref. 7), prelimin 


mbles neither the mouse nor the human pattern. _ чу: that globin gene switching requires ae more. „ЭМА 
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Fig.2 Analysis of endogenous adult B-globin mRNA in епі 
onic, fetal and adult erythroid tissues. RNA samples from en 
onic blood, fetal liver and adult bone marrow (0.5 ng of е 
from transgenic mice in line 77 (the same RNA preparati: 
analysed in Fig. 1c) were analysed by hybridization with at 
of a probe specific for mouse adult -globin mRNA, follow 
S, nuclease digestion and electrophoresis on à polyacrylami 
containing 7 М urea. The probe was а BamHI-Hinfl fragm 
derived from a mouse 84" globin complementary DNA clon 
and hybridization to either 8^"^ globin mRNA or £^ glob 
mRNA (found in C57BL/6J mice) protects a labelled 298-nucleo- 
tide (nt) fragment from S, nuclease digestion (see diagram). 
Position of undigested 0.65-kb probe; pf, position of 298-nt prote 
ted fragment. 
Methods. The BamHI- Hinfl fragment of a mouse B^" glob 
cDNA clone was 3 end-labelled with ??P to a specific activity í 
6 X10" c.p.m. ug ^; strand-separated on a polyacrylamide gel ar 
eluted?*; 2 ng of the probe was incubated with each mouse R 
sample at 45 °C in 80% formamide buffer’, then digested wit 
nuclease?^??, Control hybridizations with varying amounts 
mouse blood RNA (data not shown) confirmed that the probe: 
indeed present: in excess over the B-globin mRNA, and that 
hybridization signals observed (298-nt protected fragment) we 
proportional to the concentration of mouse fi-globin mRN 

each RNA sample. 


data (not shown) indicate that the hybrid gene is expres: 
a much higher level in the fetal liver than in adult etyt! 
tissues. We have recently produced several new transgen 
carrying either the human B-globin gene or the cloned muri 
В" globin gene, and analysis of these lines may help. 
elucidate the factors influencing the fetal/adult expression rati 
of the mouse and human adult B-globin genes. 

The main conclusion from the data presented here is that : 
adult B-globin gene, on а 5-kb DNA fragment, contains 
information to remain inactive in primitive erythroid cells wh 
are synthesizing embryonic haemoglobins, and yet to be spe 
cally activated later in development in fetal and adult erythro: 
cells. This represents the first demonstration that a cloned glo 
gene can be subject to stage-specific regulation during the tra 
tion from embryonic to fetal erythropoiesis. It has already b 
established that globin genes introduced with limited amoun 
of flanking DNA can be specifically activated during the i 
differentiation of erythroid cell lines?^77* and preferen 
expressed in ent hroid rather than non- erythroid cells bot 
tissue culture??? and in transgenic mice’. However, the possi 
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‘ig, 3 Detection of endogenous y-globin mRNA in embryonic 
od cells. RNAs from embryonic blood and fetal livers of mice 
ines 46 (A) and 77 (B) were analysed for the presence of mRNA 
the mouse embryonic y-globin gene; 0.1 pg of each RNA 
ple was hybridized with 3 ng of a 3’ end-labelled, strand- 
arated probe derived from the 3’ end of the mouse y-globin 
ene’, The hybrids were digested with S, nuclease and analysed 
electrophoresis оп а polyacrylamide gel containing 7 M urea. 
sition of undigested probe (369 nt); pf, position of the 195-nt 
tected fragment, The lane marked ‘adult blood’ is a control 
bridization with whole blood RNA from an adult mouse. The 
two lanes in А marked ‘11.5-day blood’ show hybridization with 
wo blood cell RNA preparations from different batches of 11.5- 
day-old embryos. 
ethods. A pBR322 plasmid containing the 6-kb HindIII mouse 
NA fragment including the y-globin.gene'? was digested with 
coRI, 3' end-labelled with "P, and the 369-nt fragment shown 
n the diagram was purified on a strand-separating polyacrylamide 
. The probe had. а specific activity of 5x 10’ c.p.m. pg and 
hybridization was performed at 45 *C. 


uence information was suggested by several lines of evidence, 
uch as the observation that deletions several kilobases 3' to the 
iuman.y-globin genes can block their normal postnatal inactiva- 
(reviewed in ref. 31). 
ır data do not exclude the possibility that more distant 
juences in the -globin cluster have an important role in 
regulation of the adult B-globin gene. Indeed, their absence 
om the microinjected globin gene is one of several factors that 
ay be responsible for the low level of expression observed in 
the transgenic mice, as discussed previously’. However, the 
bility of a single adult 8-globin gene, removed from the context 
f an intact B-globin gene cluster or ‘domain’??? to be neverthe- 
ss switched-on at the appropriate developmental stage, argues 
at distant sequences in the B-globin domain are not required 
in cis for this particular regulatory event to occur. Our results 
suggest a model in which the switch from embryonic to adult 
globin in the mouse is mediated by the presence of distinct 
ans-acting factors in embryonic as opposed to fetal and adult 
erythroid cells, which interact with DNA sequences closely 
inked to the embryonic and adult genes. Whether these regula- 
y factors are positive or negative, andthe number and location 
the DNA sequences with which they may interact, are ques- 
; that can be addressed by constructing hybrid genes between 
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embryonic and adult B-globin genes, or between globin and 
non-globin genes”*”” and examining their developmental regula- 
tion in transgenic mice. ои 
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The t(11 ; 14) (913 ;q32) chromosome translocation has been repor- 
ted in diffuse small and large cell lymphomas and in chronic 
lymphocytic leukaemia (B-CLL)'? and multiple myeloma’. 
Because chromosome band 14432 is involved in this translocation, 
as well as in the t(8;14) (q24 ;q32) translocation of the Burkitt 
tumour“, interruption of the immunoglobulin heavy-chain: locus - 
was postulated for this rearrangement^*. We have cloned th 
chromosomal joinings between chromosomes 11 and 14 and al 
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: between chromosomes 14 and 18, in B-cell tumours carrying trans- 
“locations involving these chromosomes®’, and suggested the 
existence of two translocated loci, bcl-1 and bcl-2, normally located 
on chromosomes 11 (band q13) and 18 (band q21) respectively, 
involved in the pathogenesis of human B-cell neoplasms 5". The 
results indicate that in the leukaemic cells from two different cases 
of CLL, the breakpoints on chromosome 11 are within 8 nucleotides 
of each other and on chromosome 14 involve the J4-DNA segment. 
Because we detected a 7mer-9mer signal-like sequence with a 
12-base-long spacer on the normal chromosome 11, close to the 
breakpoint, we speculate that the t(11 ; 14) chromosome transloca- 
tion in CLL may be sequence specific and may involve the recombi- 
nation system for immunoglobulin gene segment ( V -D—J) joining. 
Our previous analysis of the breakpoint between chromo- 
ѕотеѕ 11 and.14 in one case of B-CLL (CLL 271) indicated 
that it occurred іп the joining (J) region? of the heavy-chain 
locus. on chromosome 14. Chromosome 11-derived DNA 
‘sequences close to the breakpoint in the CLL 271 cells were 
then used to detect rearrangements of the homologous DNA 
sequences in neoplastic cells of a patient with a diffuse B-cell 
lymphoma with the t(11 ; 14) chromosome translocation (LN87) 
(ref. 6). These initial results indicated that the chromosomal 
breakpoints in these two cases were close to each other. In the 
present study we have examined the structure of the chromosome 
breakpoint in CLL 271 cells and have compared it with another 
case of B-CLL (CLL 1386). 

Using the chromosome 11-derived DNA probe near the 

chromosomal breakpoint on the 14q* chromosome from CLL 

- 271 (Fig. 1; ref. 6), we screened DNAs from several human 
B-cell neoplasms for rearrangements of the homologous DNA 
sequences and detected rearrangement in sample CLL 1386. 
Frozen CLL 1386 cells stored in liquid nitrogen were defrosted, 
stimulated to divide with B-cell mitogens* and karyotyped. CLL 
1386 cells were found to have the characteristic t(11;14) 
(913 ;q32) translocation (Fig. 2). 

Southern blots of Bell, HindIII and 55:1 digested DNAs 
derived from CLL 271, CLL 1386 and LN87 were then hybrid- 
ized with probes a or b (see Fig. 1B). We detected germline 
restriction fragment(s) in normal human DNA, whereas an 
additional fragment, depending on the restriction enzyme and 
probe used, was found in CLL 271, CLL 1386 and LN87 DNA 
(Fig 1A). 

The results shown in Fig. 1A indicate that the breakpoint in 

г CLL 271 is between the SstI' and HindIIP sites and the break- 
point of LN87 is between the HindIII’ and the. 55112 sites. 
Digestion of DNA from another case (CLL 1386) with Sst} did 
not result in the appearance of a rearranged DNA fragment, so 
the chromosome 11 breakpoint may be mapped between the 
HindIII’ and the Ssil' sites. However, CLL 1386 DNA shows 
only a germline HindIII'/ Sst fragment (data not shown). 
Because the breakpoint of CLL 1386 is mapped close to the 
SstI' site in the Sstl'/ Hind? fragment, the result of digestion 
of CLL 1386 DNA with 55/1 (shown in Fig. 1A) may reflect 
co-migration of a rearranged fragment with a germline DNA 
fragment. 

We attempted to clone the joining between chromosomes 11 
and 14 оп the 149" chromosome of CLL 1386 cells to compare 
it with that in CLL 271 cells, which we had already isolated®. 
The DNA of CLL 1386 cells was partially digested with Sau3A 
restriction enzyme and DNA fragments of 15-23 kilobases (kb) 
were collected by size fractionation using sucrose density 
gradient centrifugation. These were ligated to the A phage vector 
EMBL3A DNA (ref. 9) and packaged in vitro. By screening 

: 200,000 recombinant clones with probes а and c (Fig. 1), we 

; obtained five independent clones. Two of the five clones also 
hybridized with a probe specific for the heavy-chain locus j joining 
(J) segments (pHj)*, indicating that they contained the joinings 
between chromosomes 11 and 14 on the 14q* chromosome and 
also that the breakpoint on chromosome 14 was close to the Jy 
region, The restriction maps of the region surrounding the 11 ;14 

chromosome joinings in CLL 1386 cells and of the corresponding 
: normal chromosome 11 and the breakpoint in CLL 271 cells 
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Fig. 1 Southern blot hybridization of CLL 271, CLL 1386 and 
LN87 DNA with human chromosome 11-derived probes (A) and 
the maps of chromosome 14q* іп CLL 271, CLL 1386 and LN87 
(C) and of normal chromosome 11 ( B). 
Methods. A, DNAs derived from neoplastic cells of CLL 271, CLL: 
1386 and LN87 were cut with the restriction enzymes shown, run 
on 0.7% agarose gels and transferred to nitrocellulose filters. The 
filters were hybridize d with nick-translated probe a (pRc8SmR)* 
or b (shown in В), Hybridizations were carried out in 50%. 
formamide/4 x SSC at 37 °С and finally washed with 0.2 x SSC at 
65 °С. DNA 1104 апа 1412 were obtained from T-cell lymphoma : 
and used as germline control for chromosome 11. The size is shown 
in kb beside each panel. В, C, Structure of normal chromosom 
11 in B is deduced by analysing the chromosome 11 sequence: 
containing recombinant clones in Fig. 3 obtained from CLL 271 
and CLL 1386 genomic phage libraries. Filled box and open box 
show chromosomes 11 and 14, respectively. The cleavage sites by 
restriction enzyme Sst] апа HindIII are shown by S (A) and Н. 
(|), respectively. All restriction sites are not shown. Open triangles 
represent the joining sites between chromosomes 11 and 14 on 
chromosome 14q* which are determined as described in the text: 
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Fig.2 Representative Giemsa-banded karyotype from CLL 1386 

interpreted as: 47, XY, del (1) (p11p21) (q22q25), del (2) (q31), 

del (6) (413-15), (и; 14) (913 ;932), inv (12) (р13913), +іпу (12) 

(p13q13). Abnormalities other than the t(11:14) translocation are 
indicated by arrows. 
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Fig. 3 Restriction maps of the regions surrounding the break- 
points on chromosome 14q* in CLL 271 (a), CLL 1386 (c), LN87 
(d) and of normal chromosome 11 (b). Filled and open boxes 
present chromosomes 11 and 14, respectively. Horizontal lines 
represent the insert DNAs of representative recombinant clones. 
Rc8 has been described previouslyf. A RH11-3 and -4 were 
obtained. by screening the CLL 271 library with chromosome 11 
sequences. A 1386s were obtained from the CLL 1386 library as 
scribed in the text. A1386-1, 4 and 5 all contain only DNA 
sequences of chromosome 11. The cleavage sites of restriction 
nzyme $stl and HindIII are shown by Н (1) and S (A), respec- 
: tively. - 


own in Fig. 3. As more detailed restriction mapping showed 
at the chromosome 11 breakpoints in CLL 271 and CLL 1386 
oth very close to the SsrI' site (data not shown), we 
rmined the nucleotide sequences surrounding these break- 
;, and the corresponding segment of normal chromosome 
m CLL 271 cells. The sequences obtained are shown in 
, and indicate that the first 31 bases following the common 
site are identical between the normal chromosome 11 and 
14q* joining region of the two CLLs. The sequences first 
t to diverge between normal chromosome 11 and the 14q* 
segment of CLL 1386. Then, just 8 bases further, the DNA 
sequences of the normal chromosome 11 and that of the 14q* 
joining region of CLL 271 diverge. 
Because the breakpoint on chromosome 14 іп CLL 271 cells 
as mapped in the Л region of the immunoglobulin heavy-chain 
s$, we expected to find DNA sequences of the Jy region 
beyond the breakpoint. As shown in Fig. 4, beyond the break- 
its of both CLL 271 and CLL 1386 cells, the DNA sequences 
are almost identical to the J4 segment of the heavy-chain locus”, 
although there are some unidentified sequences between the 
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breakpoints on chromosome 11 and chromosome 14 of both 
cases. Addition of a few extraneous nucleotides during variable- 
diversity-joining (V-D-J) segment joining has been 
described". 

Thus the breakpoints of CLL 271 and CLL 1386 on both 
chromosome 11 and chromoSome 14 are very close to each other. 
Although the short sequence of 9 bases between the breakpoints 
on chromosomes 11 and 14 in CLL 271 is of unknown origin, 
the comparable sequence in CLL 1386 between chromosome 11 
and 14 sequences on (ће 14q* chromosome shows some similar- 
ity to the corresponding region on the normal chromosome 11. 
Therefore, this sequence in CLL 1386 cells seems to have been 
generated by disturbance of normal chromosome 11 sequences 
during the translocation event. This may move the breakpoint 
on chromosome 11 in CLL 1386 slightly closer to chromosome 
14 sequences. DNA sequences 3' to J4 coding sequences are 
identical in the 14q* chromosomes of CLL 271 and CLL 1386, 
although these sequences show a considerable number of base 
changes from the published DNA sequences 3' to the J4 
segment’. 

Note also that the breakpoints on chromosome 14 in both 
our cases of CLL are in the region where the D segment is 
joined to the Jj segment during normal V-D-J joining to 
produce an active immunoglobulin gene. This surprising finding 
suggests the involvement in the t(11;14) translocation of a 
recombinase responsible for V- D-J joining. This putative re- 
combinase is thought to recognize conserved DNA sequences | 
called ‘7mer-9mer’, located close to V, D and J segments of 
immunoglobulin genes in germline DNA". It has been proposed 
that the 7mer-9mer sequence with a 12-base-long spacer is. 
paired with a 7mer-9mer sequence with a 23 + 1-base-long spacer 
during V- D-J joining". Interestingly, as shown by brackets in 
Fig. 4, DNA of normal chromosome 11 has a sequence very 
similar to this conserved 7mer-9mer signal sequence, very close 
to the breakpoint. This 7mer-9mer sequence on chromosome © 
11 is separated by a 12-base-long spacer, whereas the 7mer-9mer 
sequence of the J4 segment is separated by a 23-base-long . 


spacer. These two sets of sequences can be drawn into a second- - а. 


ary structure, as shown іп Fig. 5. Although the complementarity 
between the 7mer of chromosome 11 and the J4 segment is not 
very striking (3 bases in 7), this complementarity does not seem 
to be absolutely necessary even for normal V- D-J joining. The 
7mer sequence on chromosome 11 is perfectly palindromic, 
which is one of the characteristics found in most 7mer sequen- 
ces, The homology to the consensus 9-mer is much stronger 
(8 of 9 residues). Thus, the t(11;14) chromosome translocation 
in two separate cases of CLL seems to be sequence specific, 
suggesting that the recombination system for V-D-J joining is 
involved, and that the translocation may be mimicking normal 
V- D-J joining. This also suggests that the putative recombinase 
can function even between two independent chromosomes. 
The restriction map of the DNA region encompassing the 

breakpoint of the t(11;14) translocation in a diffuse B-cell 
lymphoma (LN87) and of the corresponding normal chromo- 
some 11 are also shown in Fig. 3. The recombinant clone contain- 
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САТТА, TTGGAGGGAACCCGCATCTGACTACTGGGGC CAGGGAACCCTGGTCACCGTCTCCTCAGG ' 
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c Fig 4 DNA sequences of the joining sites between chromosomes 11 and 14 in CLL 271, CLL 1386 and of corresponding normal chromosome 
-Tis Identical nucleotide sequences are shown by vertical lines. The boxed region indicates the J4 coding segment of the immunoglobulin 
heavy-chain gene’. The DNA sequences shown by brackets on chromosome 14 indicate the conserved sequence 7mer-9mer (see text), DNA 
équences were obtained from the SstI' (S!) site shown in Fig. 3 to the chromosome 14 sequence by using the chemical degradation method - 
; of Maxam and Gilbert! with a modification of the A reaction". 
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Fig. 5 A possible secondary structure between chromosome 11 
and the J4 segment of the immunoglobulin gene. 


ing the breakpoint was isolated from an LN87 genomic library 
as described above. The chromosomal breakpoint i in LN87 cells 
was mapped very close to the 55112 site in Fig. 1B by comparing 
the detailed restriction maps of normal chromosome 11 clones 
and a breakpoint-containing clone (data not shown). The 
chromosome 11 breakpoint in these cells is thus ~0.9 kb away 
from the site in the two CLLs. In addition, the breakpoint on 
, chromosome 14 іп LN87 cells seems to be quite different from 
that of CLL 271 and CLL 1386. It seems to be either 5' to or 
within an immunoglobulin V-region gene, because a DNA 
probe, pLN104Bas (see Fig. 3), hybridized with multiple restric- 
tion fragments of human genomic DNA (data not shown). Such 
a pattern is characteristic of immunoglobulin heavy-chain V- 
region sequences" 

Thus the chromosome breakpoints in the B-cell lymphoma 
LN87 are different, on both chromosomes 11 and 14, from those 
in the two CLLs we examined. It is possible that in the case of 
LN87, a different mechanism may have contributed to the 
chromosome translocation. Sequence analysis of the joining 
between chromosomes 11 and 14 on the 14q* chromosome of 
LN87 cells should provide useful information concerning this 
issue. 

These results also indicate that the breakpoints on chromo- 
some 11 in three cases of B-cell neoplasia with the t(11;14) 


" | translocation, two CLLs and one B-cell lymphoma аге ай 


sufficiently close as to be detected by genomic Southern blot 
hybridization using a single restriction enzyme such as Bell and 
a single DNA probe such as a in Fig. 1B. This may make it 
possible to take practical advantage of specific DNA probes for 
the diagnosis of B-cell leukaemias and lymphomas carrying the 
t(11;14) translocation. 

We thank Janet Finan for technical assistance. This study was 
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CA16685, CA36521 and grants from the March of Dimes and 
American Cancer Society (C.M.C.). 
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Somatic mutations, either spontaneous or produced by identifia 
mutagens, are thought to be important in the aetiology of cance 
and in the ageing. process. The study of somatic mutations ij 
human cells in vivo has recently been made possible by t 
development of techniques for enumeration and clonal expans 
of lymphocytes mutated at the chromosome X-linked hypox: 
phosphoribosyl transferase (HPRT) locus™?. We have studi 
molecular basis of іл vivo hprt mutations in human lymp 
and report here that a surprisngly high proportion (5796) invoh 
substantial gene alterations which are not evident cytogenetical 
These major gene alterations include deletions, exon amplificatio: 
and novel, sometimes amplified, bands on Southern analysis. Su 
changes emphasize the fluid nature of information in DNA 
may be indicative of general mechanisms by which functional gen 
loss is involved in the aetiology of cancer and the homeostat 
failure of ageing. 
Mutant HPRT™ cells can be selected for by the purin 
analogue 6-thioguanine (TG) as described previously'?. Lyt 
phocytes obtained from the blood of healthy adult males wet 
cloned at limiting dilution either in the absence of TG (unse 
ted, presumably HPRT" clones) or in the presence of 2.5 ug m 
TG (selected, presumably НРЕТТ clones). Cloning efficienc 
the absence of TG was 15-48% and the frequency of muta 
cells ranged from 2.5.x 107° to 2.0 x 10. TG-resistant clo 
were progressively expanded to >5 x10" cells by the intermitter 
addition of phytohaemagglutinin, irradiated allogeneic feede 
lymphocytes from a female individual, and conditioned mediur 
as a source of interleukin-2 (ref. 1). Genomic DNA was isolate: 
from these monoclonal populations, digested with restrictio 
endonucleases and electrophoresed on agarose gels; Southe 
analysis^ was performed using a. full-length complementar 
DNA probe for human Aprt?. 
We have analysed 12 unselected clones and 21 selected clon 
from 7 individuals. In most cases, each genomic DNA sampl 
was digested with three restriction enzymes (BamHI, Hindll 







































Table 1 Major gene changes observed in 12 spontaneous HPRT 
mutants on Southern analysis i 








Change 


EcoRI Hindlil BamHI 





Clone Donor’ D N A AN DNA AN DN A AN 
2419 TGA RR. + * * * + ae 
2419 TGS R.R. * + 
2419 TG6 RR. Toc + + 
2409 TG1 J.D. tiot + + 
2409 TG2 A.D. Tot + + + 
2409 TG3 J.D. БИБИ + + 
2412BTG1 LW. toO + 
2412BTG2 АЛУ; Озо + + + 
AM416TG6 RC. = + А + + 
BC49 TGR P.H. * + 
BC94 TGR LR. + + 
84810F L.P. 







implies a change with respect to the unselected clonal pattern for that - 
donor. ep indicates are: D, deletion; N, novel band; A, amplified 
d 











nd EcoRI) for which the coding and pseudogene fragments 
have been identified’, In 12 of 21 (57%) mutant clones, 
‘heterogeneous changes in Southern patterns were identified 
hen compared with unselected clones from the same 
dividual. The unselected clones of each individual showed no 
changes and generally agreed with the gene fragments described 
y Patel et alf, The changes observed in mutant clones include 
variety of deletions, and the appearance of novel bands and 
presumed amplifications of intragenic coding fragments and 
ovel bands (Fig. 1; Table 1). As expected, pseudogenes residing 
n the autosomes showed no changes in any clone. Southern 
patterns obtained from one donor showed the same additional 
gene bands present in all of three selected and three unselected 
jones examined. We interpret these additional bands present 
n all six clones to- represent a previously undescribed poly- 
morphism and, as this individual subsequently gave a history 
f gout, family studies are in progress. However, the three 
elected clones from this individual also showed amplifications 
f both novel and previously identified coding fragments (Fig. 
Note that, although these three clones showed similar abnor- 
lities, they were independently derived. 
\ithough major gene alterations of the hprt gene were readily 
etected at the molecular level, parallel cytogenetic studies using 
k staining and G-banding at the 600-band level showed no 
ctural abnormalities of the X-chromosome in either selected 
unselected clones. The messenger RNA products of the 
tated genes are being investigated. 
is possible that the results were caused by an in vitro rather 
han in vivo phenomenon. However, the experiments involved 
iddition of TG immediately after removal and separation of the 
mphocytes and itis known that immediate TG selection results 
the elimination of Aprt gene mutations produced in vitro, as 
re is not time for such mutations to be expressed as a 
otypic change’. Therefore, the selected clones must have 
веп from lymphocytes which were already mutated in vivo. 
is formally possible that the initial mutation for each clone 
t involve a major gene alteration and that the observed 
or gene alterations resulted from the emergence in vitro of 
darily altered subclones which had a proliferative advan- 
tage and which overgrew the original cells of the clone. To test 
is possibility directly, a subcloning experiment was performed 
which lymphocytes were cultured in 96 wells containing TG, 
‘well being subcultured into 12 wells on day 4, at which 
any HPRT™ lymphocytes would have undergone several 
livisions. After growth for 16 days in TG, two sets of subclones 
те chosen and expanded. Growth was present in 7 out of 12 
wells in one set and 6 out of 12 wells in the other; the frequency 
of wells showing growth in each set indicated that the cells in 
t of the wells originated from a single cell and thus truly 
presented a subclone. The genomic DNA of each subclone 
is studied by Southern analysis and all subclones within each 
t were found to be identical; all of one set showed no change 
whereas all of the other (clone 84810F) showed the same hprt 
'ne changes (amplification of exons). If major gene alterations 
develop during in vitro growth of lymphocytes, approximately 
half of each set of subclones should show abnormal Southern 
patterns and the abnormalities would be heterogeneous within 
a set. On the other hand, if major gene alterations are present 
in vivo, all subclones of a set would show either no abnormality 
or an abnormality which is identical for all members of a set. 
Our observation of the latter case provides direct evidence that 
the observed major gene alterations were present in vivo and 
had not arisen during clonal expansion in vitro. 
The present experiments involved conditions of stringent TG 
ction and only mutations leading to a low or undetectable 
level of HPRT. were likely to be recovered’. For this class of 
ations; our observations indicate that in vivo somatic muta- 
tions at the hprt locus are at least as likely to result from major 
gene changes involving several kilobases (kb) of DNA as from 
more site-specific events such аѕ point mutations or minor dele- 
ons. Indeed, it is likely that the observed frequency of gene 
ons. (5776). .underesti 

























































LETTERS TO NATURE - 


es the true frequency, as variability in both germline and somatic cells. — 


NATURE VOL. 315 23 MAY 1985 









1106172 
OLE OZ 
9016192 

0016192 

10182102 

I3 27 


1102617 
7016: 
9016172 
9016172 
0192172 






12 з 4 5 6 7 8 9 10 11 12 

Fig. 1 Representative Southern transfer patterns of unselected 
(HPRT^) and selected (HPRT^) genomic DNA from two male 
donors (2419, 2412). Lanes 1-6, EcoRI digests; lanes 7-12, HindllI 
digests. Lane 1, unselected clone (2419 C11) showing normal 
enzyme digestion pattern with bands at 4.4 (not previously iden- 
tified®), 5.4 (Ч), 8.0, 8.3, 8.8 CP) faint in all tracks, 10:5 and 15.5. 
(V) kb. Lane 2, selected clone (2419 TG4) showing deletion of 
8.3-kb band containing exons towards the 5’ end of the gene and 
a possible amplification of the 10.5-kb band. Lane 3, selected clone 
(2419 TG6) showing the appearance of a new amplified band of 
relative molecular mass 6.1 kb and amplification of the 10.5-kb 
band. Lane 4, selected clone (2419 TG8) which shows no evidence 
of Southern changes. Lane 5, selected clone (2412B TG1) showing 
amplification of a band at 4.4 kb and a new band at 5.2 kb. Lane 
6, selected clone (2412B TG2) showing appearance of a new band 
at 6.1 kb, which may be amplified, and also a band at 4.8 kb, Lane 
7, unselected clone (2419 C11) showing normal enzyme digestion 
pattern with bands at 3.3 (V), 4.6 (not previously identified) 4.9, 
7.0, 7.8 (V), 9.8 (V), 12.9 (not previously identified) and 17.5 kb. 
Lane 8, 2419 TG4 showing deletion of 7.0-kb band which hybridizes 
in unselected clones to the same cDNA fragment as that of the 
8.3-kb band in the EcoRI digest (deleted in lane 2) and a possible 
amplification of the 4.9-kb band which correlates with the 10.5-kb 
band in the EcoRI digest of this clone. Lane 9, 2419 TG6 showing 
amplification of the 4.9-kb band and an amplified novel band at 
6.4 kb. Lane 10, 2419 TG8 which shows no evidence of Southern 
changes. Lane 11, 2412B TG1 showing a possibly amplified band 
at 7.0 kb with this enzyme. Lane 12, 2412B TG2 showing appear- 
ance of a new band at 6.4 kb which may be amplified and a new 
band at 4.0 kb and a deletion of the 12.9-kb band. 

Methods. For Southern transfers, 15 ug of genomic DNA extracted 
from cultured lymphocytes was digested with restriction enzymes, 
fractionated on 0.8% agarose gel and transferred to nitrocellulose 
by minor modifications of published procedures. Hybridization 
was carried out at 65°C іп 6xSSC 0.5% SDS, 5 x Denhardt’s, 
0.01 M EDTA and 100 pg ті"! sonicated denatured herring sperm 
DNA following prehybridization in the mixture which was the 
same except that it contained 250 ug ml"! of the carrier DNA. The 
probe was a full-length human complementary DNA for hprt 
(insert cleaved from plasmid pHPT30 (ref. 6), PstI/ Hhal cut, 
yielding a fragment of 873 base pairs (bp) which has, in addition 
to the entire coding region, 18 bp of 5-untranslated and 201 bp of 
3-untranslated sequence). The probe was nick translated to a 
specific activity exceeding 2.5 x 10° c.p.m. per ug and not less than 
5 X 105 c.p.m. ml! hybridization mix was used, Hybridization was 
permitted for >16 h. Stringent washing was applied down to 0.5 x 
SSC, 0.1% SDS, 1 x Denhardt's at 65°C. Autoradiographs were 
obtained on Ortho film using Lanex regular screens at ~70°C. 
Exposures were typically 48-72 h. 


Southern analysis cannot resolve changes below a certain size 
unless a restriction site is involved. There is no reason to believe 
that events at the hprt locus are more or less frequent than at 
any other locus and we suggest that such changes in DNA are 
probably widespread throughout the genome. 

It has been reported recently? that major changes in Southern 
patterns were present in 5 of 28 patients with Lesch- Nyhan 
syndrome. The changes were heterogeneous and included dele- 
tions, new bands and, in one family, amplifications. This 
observation, together with our own, suggests that loss or amplifi- 
cation of genetic material may be an important mechanism for - 
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ота (lanes: 3, 8, 13), 2409 TG2 (lanes 4, 9, 14) 
i3 (lanes 5, 10, 15). The enzymes used to digest DNA 
RI (lanes 1-5), Hindlil (lanes 6-10) and BamHI (lanes 
pseudogene allocations for EcoRI and Hindlll digests 
саге given in Fig. 1 legend. For BamHI digests, the pseudogenes 
“are shown at 3.4, 7.6, 14.5 and 25 kb (coincident with а coding 
region of the X-linked репе)°. Pseudogene fragments at 4.2 kb 
(EcoRI) and 2.0 kb ( Hindl1I) do not show in this autoradiograph. 
It is clear that even allowing for somewhat greater loading of 
HPRT" DNA onto the gel, there has been a significant amplifica- 
tion of certain parts of the Aprt gene in each of three mutants. In 
particular, bands labelled ‘a’ are amplified (EcoRI, 8.3 КЬ: HindH1, 
7.0 kb; BamHI, 22 kb) whereas bands labelled ‘b’ are not (EcoRI, 
10.5 kb; Hindlll, 4.9 kb; BamHI,3.7kb). The former are associated 
with exons 1 and 2 whereas the latter are associated with exons 
3-6 (ref. 6). The simplest explanation of this is that the mutation 
has been occasioned by multiple reduplications of part of the gene 
containing exons 1 and 2. We also observe bands in these clones 
(HPRT* and HPRT^) which are amplified in the mutants but 
which have not been previously assigned to the Лр! gene. These 
results do not seem to be consistent with a restriction fragment 
length polymorphism and may therefore represent a non-patho- 
logical variant gene. We shall investigate the donor's family in 
more detail. 








Direct evidence for the importance of somatic mutations in 
cancer comes from recent findings in familial and sporadic 
retinoblastoma’ and in Wilms’ tumour'^'?; In both disorders, 
one autosomal gene ага critical site is believed to be abnormal 
in all cells as the result of a familial ог germ-cell mutation and 
the other normal allele is believed to have become lost through 
a chromosomal mutation associated. with deletion, inactivation 
or recombination. Of the 22 cases of Wilms' tumour studied by 
molecular techniques, chromosomal mutations have been detec- 
ted in 12, that is 55%, similar to the percentage of hprt mutations 
that we have observed showing major gene changes on Southern 
analysis. We believe that our observations represent a more 
general case in that there was no selection or drift during clonal 
expansion, such as presumably occurs during the development 
of a tumour phenotype. If, as our findings suggest, somatic 
mutations generate gene changes in a widespread fashion 
throughout the genome, loss or amplification of genetic material 
might be a phenomenon of more general importance in cancer, 
acting either by causing expression of a recessive abnormal allele 
as already discussed, by leading to a deletion of regions separat- 
ing promoters or enhancers from proto-oncogenes arid thus 
producing oncogene activation, or by causing amplification of 
sequences containing oncogenes, resulting in increases іп 

; oncogene products, as has been observed in some neuroblastoma 
lines'* and in the human promyelocytic HL60 cell line", 

Somatic mutations have also been postulated to be involved 
in the aetiology of ageing. Mutations at the hprt locus have been 
observed to accumulate with age'®'* and one can readily 
envisage that accumulating losses or amplifications of genetic 
material could lead to progressive deterioration of cellular func- 
tion with age. 
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SEWA tumour cells are derived from an osteosarcoma induced in 
an A.SW mouse by infection with polyoma virus’. Cytogenet 
analyses have revealed three different characteristic chromosomal 
abnormalities diagnostic for the presence of amplified genes: 
‘double minutes’ (DMs), homogeneously staining chromosomal 
regions (HSRs) and C-bandless chromosomes (CMs; for review 
see ref. 2). DMs may undergo fluctuation in number depending 
on the conditions in which the cells grow. Their number usual 
increases after injection of cells into a mouse and often is reduced 
to undetectable levels when the cells are explanted back into tissue 
culture; when the cells are re-introduced into the mouse, they 
again acquire multiple DMs*. We show here that cells of SEWA 
lines carrying DMs, HSRs or CMs contain amplified copies of 
the proto-oncogene c-myc and enhanced levels of c-myc messenger 
RNA and c-myc protein. DMs or CMs are the sites of c-m 
amplification in two different SEWA lines. 

We used the SEWA cell lines 4031Tc3 (DMs), StamA (HSR) 
and Rec4Tc2 (CMs) to screen for amplification of oncogenes 
(for a genealogy of SEWA cells see ref. 2), Preliminary tests, 
in which we hybridized a ““P-labelled complementary DNA 
synthesized from poly(A)* RNA to nitrocellulose filters contain- 
ing different oncogene DNAs’, had provided evidence for abun 
dant c-myc mRNA in SEWA cells (data not shown). We there- 
fore investigated whether c-myc is amplified in SEWA cells.” 
Total genomic DNA was cleaved with restriction endonucleases, 
fractionated on agarose gels and blotted to nitrocellulose filters 
to which "P-labelled c-myc probe was hybridized. For com: : 
parison, we tested DNA from testes of the A.SW mouse and 
DNA from human cells of the COLO 320-DM line, in which. 
an apparently normal c-myc allele and a mutant allele rearranged 
at the 5’ end are each amplified ~25-fold (ref. 5 and M.S. et al, 
сїй preparation). The autoradiographic signal 
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.Fig.! Analysis of c-myc in the DNA of SEWA cell lines. NIH 3T3 
and COLO 320-HSR and -DM cells served as controls. Approxi- 
mately 10 pg of DNA was digested with restriction endonucleases 
(E, EcoRI; B, BamHI; Н, Hindlll; S, SacI), fractionated on 
agarose gel and transferred to nitrocellulose filter, to which ?2Р- 
'"Tabelled PstI fragment of exon H of human c-myc was hybridized. 
COLO 320 DNA digested with EcoRI was from the DM subline, 
DNA digested with SacI from the HSR subline. DNAs were 
analysed with a single-copy gene probe (Ha-ras) to show that 
approximately equal amounts of DNA of each line were being 
used (result not shown). 


© 
b м х 
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І Е t x ro & Fig. 2 Characterization of RNA 
9 8 è 9 5 transcribed from c-myc in SEWA 


cells. NIH 3T3 cells and COLO 
320-HSR and -DM cells were used 
for comparison. Poly(A)* RNA 
(5 ре per lane) was fractionated on 
agarose gel in the presence of 2.2 M 
formaldehyde, transferred to 
nitrocellulose filters and hybridized 
to c-myc probe. 
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Fig.3 Immunoprecipitation of pp64/pp66°™" from SEWA cells. 
NIH 3T3 cells were used for comparison. I, immune serum from 
- rabbits immunized with a peptide from the C-terminus of human 
c-myc?; N, non-immune serum collected before immunization. 


obtained for the DNA of all three SEWA lines tested was much 
stronger than that obtained for the DNA from the A.SW mouse. 
SEWA cell lines 4031Tc3 and StamA contained —15-20-fold 
and line Rec4Tc2 ~20-30-fold amplification of c-myc (Fig. 1). 
The size of the DNA fragments detected with the c-mye probe 
was the same in all three SEWA lines and in the normal mouse 
-DNA fragment, indicating that the amplified c-myc gene in the 
ЕА calls has not undergone major rearrangement. 
We next used RNA blotting procedures to test whether c-myc 
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Fig.4 Presence of amplified c-myc in DMs and CMs. A, Localiz- 
ation іп DMs. Approximately 10g of DNA from intact nuclei 
and undisrupted cells (lane a), 5 wg of the fraction containing the 
macrochromosomes (lane b) and an estimated 0.5 рр of the DM 
fraction (lane d) were fractionated on an agarose gel and blotted 
onto nitrocellulose filter. The upper part of the figure shows the 
result obtained by hydridizing myc probe to the filter, the lower 
part shows the same gel stained with ethidium bromide. The 
ethidium bromide stained gel displays the enrichment for specific 
DNA sequences, presumably repetitive DNA (lane d, arrowheads 
indicate bands due to DNA fragments —16 and 0.8 kb in size), 
which do not hybridize with c-myc probe, however. The intense 
fluorescence in lane c is probably due to the presence of RNA 
contained in ribosomes which co-sediment with DMs; the signal 
disappears following treatment of the gel with pancreatic ribonu- 
clease (lane e). B, Localization in CMs. SEWAC-3 (a derivative 
of Rec4) containing CMs was used. Arrows indicate CMs. a, 
Metaphase spread after trypsin/Giemsa treatment. b, The same 
spread after destaining in methanol and in situ hybridization to 
3H-labelled c-myc probe. Note that four of the silver grains in the 
figure which are not situated over CMs are localized to chromosome 
15 (indicated), which contains the c-myc gene. 

Methods. Approximately 10* exponentially growing cells were 
arrested in metaphase by colchicine (0.05 pg mi^" for 6h) and 
collected. Chromosomes were released by gently drawing the cell 
suspension up and down three times through a 25-gauge needle 
in chromosome isolation buffer (15 mM Tris-HCI, 0.2 mM sper- 
mine, 0.5 mM spermidine, 2mM EDTA, 0.5 mM EGTA, 80 mM 
KCl, 20 mM NaCl, 14 mM mercaptoethanol, pH 7.2)? containing 
0.34M sucrose, 0.1% digitonin and 0.5 М  2-methyl-2,4- 
pentanediol (Kodak). Nuclei and undisrupted cells were pelleted 
for 10 min at 500 r.p.m. in a JS 42 rotor (Beckmann), and sub- 
sequently the macrochromosomes were removed by repeated cen- 
trifugation at 4,000 r.p.m. The final supernatant, which on the basis 
of inspection by light microscopy was virtually free of macro- 
chromosomes, was centrifuged at 25,000 r.p.m. (SW 50.1, Beck- 
mann) for 45 min to pellet the DMs. DNA was prepared from the 
intact nuclei and undisrupted cells, from the pellets containing the 
macrochromosomes and from the pellets containing the DMs, and 

was digested with EcoRI. 


the level of c-myc mRNA. For comparison, we tested poly- 
adenylated RNA from NIH 3T3 cells and from cells of the 
COLO 320-HSR and -DM lines containing ~25-fold enhanced 
levels of mRNA?. COLO 320-HSR cells have an mRNA of 
normal size, —2.5 kilobases (kb), and COLO 320-DM celis carry 
predominantly a 2.3-kb c-mye mRNA as the result of c-myc 
rearrangement. The size of the c-myc mRNA in the SEWA cells 
and the COLO. 320-HSR cells was indistinguishable (Fig. 2)._ 
Levels of c-myc mRNA in lines 4031Tc3, StamA and Rec4Tc2 
ld, respective i- 
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pared with NIH 3T3 cells; the level in Rec4Tc2 cells approached 
that found in the COLO 320 cells. The mouse c-myc gene 
encodes two forms of the c-myc protein, with relative molecular 
masses of 64,000 and 66,000 (pp64/66)*. Immunoprecipitation 
with anti-myc serum? showed that the level of c-myc protein 
was greatly increased and that the protein itself was unaltered 
(Fig. 3). 

We have shown recently that DMs and HSRs in several human 
and murine tumour cells contain amplified cellular oncogenes 
(for a review see ref. 7). To test whether amplified c-myc is 
localized in DMs of cells of SEWA line 4031Tc3, a chromosomal 
fraction enriched for DMs was prepared according to the pro- 
cedure previously used to localize c-Ki-ras in DMs*. DNA was 
isolated from intact nuclei and undisrupted cells, from pellets 
containing the macrochromosomes and from pellets containing 
the DMs. It was digested with restriction endonuclease EcoRI, 
fractionated on agarose gels and transferred to nitrocellulose 
paper to which **P-labelled c-myc probe was then hybridized. 

`The autoradiographic signal obtained using ~0.5 ug of DNA 
from the DM fraction (Fig. 4A, upper part, lane c) was much 
more intense than that obtained for 5.0 һр DNA from the 
macrochromosomes (lane b), and only slightly less intense than 
that seen for 10 ug DNA isolated from total nuclei and undisrup- 
ted cells (lane a). These results indicate that the DM fraction 
is enriched for c-myc and that DMs are the site of c-myc 
amplification. In another experiment, when SEWAC-3 cells (a 
derivative of SEWARec4 containing CMs) were hybridized in 
situ to *H-labelled c-myc probe, the average number of grains 
found over CMs was 10 times greater than that over other 
chromosomes (Fig. 4B, lane b), indicating that CMs are the site 
of amplified c-myc. 

The generation of DMs following transfer of SEWA cells 
from in vitro culture into the mouse, and the loss of DMs 
following re-transfer of the cells into tissue culture has long 
been thought to reflect changes in the copy number of genes 
involved in malignancy?. The present results show that c-myc 
is amplified and overexpressed in SEWA cells and, at least in 
cells of lines 4031Tc3 and C-3, is probably localized in DMs 
and CMs, respectively. Although the amplified unit of DNA 
probably contains considerable genetic information in addition 
to the c-myc gene, it is possible that enhancement of expression 
of c-myc after amplification confers on the host cells a selective 
advantage for tumour formation in the natural host. This idea 
is supported by our finding that the degree of amplification of 
c-myc observed in different SEWA lines is correlated with the 
rate at which tumours develop when the cells are injected into 
a mouse (T.M. et al, manuscript in preparation). Southern 
blotting procedures revealed that SEWA cells, which are derived 
from a polyoma virus-induced tumour!, contain three to five 

; copies of polyoma virus (data not shown). It is unclear which 
function, if any, these polyoma sequences contribute to the 
malignant phenotype in the presence of amplified c-myc gene. 
We are now analysing the possible significance of c-myc amplifi- 
cation in SEWA cells in more detail. 

These studies were supported by grants from the NIH, NCI, 
ACS, CANCIRCO, the Swedish Cancer Society, the Erik Philip- 
Sorensen Foundation and the John and Augusta Persson 
Foundation. 
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The complexity of the life cycle of the protozoan malaria parasite 
Plasmodium falciparum has hindered genetic analysis’; eve 
number of chromosomes in P. falciparum is uncertain". The bl 
stages of rodent malaria parasites are haploid'? and hybridizati 
with cloned complementary DNAs similarly suggests a haploi 
genome in P. falciparum blood stages (ref. 4 and our unpublis 
results). A novel approach to karyoptic and linkage analysis 
P. falciparum has been provided recently by the technique. 
pulsed-field gradient (PFG) gel electrophoresis, which allows the 
fractionation of DNA molecules of 30-3,000 kilobases (kb), a 
range including the sizes of intact chromosomal DNA molecules 
from eukaryotes such as yeast and trypanosomatids®. We describe 
here the fractionation by PFG electrophoresis of chromosomal 
DNA molecules from P. falciparum into at least seven discret 
species which vary in size by up to 20% between different isolat 
Several genes for P. faciparum antigens which contain repetitiy 
sequences are located on different chromosomes. Surprisingly, two 
of the chromosomes seem to contain the same sequences, © _ 
Intact chromosomal ОЮМА?” was prepared by immobilizing 
the organisms in low-gelling point agarose and then deprotein 
ing in situ (see Fig. 1 legend). The chromosomal DNA molecul 
were subsequently separated by PFG electrophoresis in a 1.5% 
agarose gel. In this procedure, an electric field is applied in 
alternate pulses first in one direction, then ina direction oriented 
90° to the first. Because the DNA molecules are considerably 
longer than the pore size of the gel, they must align with the 
field in order to migrate *end-on' through the gel. As the time 
to re-orient is a function of size, the molecules can be resolved 
if the pulse time is tuned to an appropriate frequency’. We 
found that the optimal pulse time for P. falciparum chromosomes 
was ~80s. The separated chromosomal DNA molecules. can 
then be stained with ethidium bromide (EtBr) and blotted to 
nitrocellulose for gene localization by hybridization’. ; 
Fractionation of the chromosomes of cloned P. falciparum 
line E12 (ref. 7), derived from the Papua New Guinea isolate 
FCQ27/PNG (ЕС27), is shown in Fig. 1a; E12 and FC27 were 
identical (data not shown). Migration is nonlinear because of 
the focusing effect of the asymmetrical electrode array". Hence, 
the DNA molecules in each track lie on a curve, and equivalent 
bands in successive tracks form a curve across the gel. In the 
region of highest mobility the DNA formed a smear (S in Fig. 
1). Hybridization data (see below) demonstrated that the smear 
contains fragments of the larger chromosomes, but this does 
not exclude the presence of other components, for example, 
mitochondrial DNA or ‘minichromosomes’. E 
In the central region, four sharp bands, designated chromo- 
somes 1-4, were clearly resolved (Fig. 1a). To estimate theis 
sizes, yeast chromosomes were used as markers (Fig. 1c). The 
17 yeast chromosomes were resolved into about 11 bands (Fi 
1c) plus a lower band of mitochondrial (YM) DNA. Chrom 
somes 1-4 of P. falciparum clone E12 migrated in the same 
range as the larger yeast chromosomes. Taking the sizes of the 
three smallest yeast chromosomes to be about 0.3, 0.5 and 0.7. 
megabases (Mb) and the largest to be about 2.0 Mb (ref. 5), we 
estimated that E12 chromosomes 1-4 are roughly 0.8, 12, 1.6 
and 1.8 Mb in size, respectively. From their discrete sizes and 
from hybridization data (see below) showing that they contain 
different sequences, we conclude that they are intact chromo- 

















somes. 









Nearer the top of the gel; bands were less clearly resolved 
(see Figs 1-3). Hybridization data (see below) indicate that 
here are at least three chromosomes in this region. Chromo- 
omes 5 and 6 were usually evident as discrete bands while 
chromosome 7 smeared from the well, partially overlapping 
chromosome 6. By extrapolation, we have assigned chromo- 
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Fig. 1 Fractionation of P. falciparum chromosomes by pulsed 
* field gradient gel electrophoresis. In a-d the chromosomes were 
"from clone E12 (E) derived from P. falciparum isolate FC27, isolate 
МЕ? (N) or Ki (К). The marker chromosomes (Y in panel c) were 
* from yeast (Saccharomyces cerevisiae, strain J69b1). The samples 
Caere run in for 2h at 200 V in the north-south direction, then 
electrophoresed for 22 h with 80-s pulses, 250 V in the north-south 
direction (top-bottom) and 100 V in the east-west direction (left- 
ght) at 18 "C, and stained with EtBr. 
Methods, P. falciparum isolates were maintained im vitro'* on 
ah erythrocytes. Cultures: were collected at 5-10% para- 
sitaemia and the parasites were concentrated by lysing the red cells 
with saponin’’, followed by two washes. The parasites were 
resuspended in phosphate-buffered saline at —6 х 10* organisms 
per ml, and added to-an equal volume of molten 2% low-gelling 
agarose in saline at 37 °С, and cast into 1.6 х5 х5 mm blocks’. 
The blocks were treated with 0.5 M EDTA/0.01 M Tris/1% 
Sarkosyl/2 mg ml”! proteinase K for 48 h at 42 "C? and stored at 
4 *C. Before electrophoresis the blocks were cut into strips ~1.6 х 
1.0 х5 mm, soaked in 0.9 x TBE? for 1 h and then inserted into the 
slots of a 1.5% agarose (Marine Colloids, type ME) gel in 0.9 x TBE 
and sealed into the slots with 1% low-gelling agarose. Yeast 
chromosomes were prepared as described previously’. The РЕС 
apparatus was constructed essentially as described elsewhere?, with 
715 diode-isolated electrodes in the west, north and east sides and 
a single electrode in the south-west corner. The gel (225 x215x 
Sam) was supported on 2-mm-thick Perspex blocks, to allow 
cooling by flow of the electrolyte under as well as over the gel. 
‘Cooling was achieved by a tap-water heat exchanger and the 
ctrolyte (0.9 X TBE} was recirculated between buffer reservoirs 
he north and south ends at 600 ml min™ with a solution metering 
pump. 
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somes 5-7 nominal sizes of 2.2, 2.6 and 3.0 Mb respectively (Fig. 
4), but there are no accurately known size markers in this range. 
Some EtBr-staining material consistently remained in the well. 
Hybridization suggested that it contains a poorly reproducible 
proportion of all the chromosomes, presumably trapped in 
debris. The possibility of an additional chromosome(s) in this 
region cannot be excluded. 

Comparison of chromosomes from P. falciparum clone E12 
with those of isolates NF7 from Ghana and K1 from Thailand 
revealed striking size polymorphisms (Fig. 15, d). Chromosome 
1, the smallest chromosome of each isolate, differed in size 
between the three isolates, as can be seen by comparing the 
alternate tracks of E12 and NF7 (Fig. 1b) and of E12 апа K1 
(Fig. 1d). The sizes of chromosome 1 were estimated to be 
—0.8 Mb (E12), 0.9 Mb (NF7) and 1.0 Mb (K1). 

No chromosome of a size similar to E12 chromosome 2 was 
present in NF7 or КІ, whereas both NF7 and КІ possesses а 
chromosome intermediate in size between E12 chromosomes 4 
and 5. All three isolates have chromosomes similar in size to 
E12 chromosomes 3 and 4, but hybridization indicated that this 
apparent similarity is misleading (see below). All three isolates 
have chromosomes apparently equivalent in size to E12 chromo- 
somes 5-7, but the resolution is poor in this region. 

To clarify the relationships between individual chromosomes 
in the three isolates, we preparatively isolated. FC27 chromo- 
somes by PFG electrophoresis, digested each with EcoRI, sub- 
cloned the fragments into pUC9 (ref. 8) and hybridized 
individual chromosome-specific plasmids to blots of E12, NF7 
and КІ chromosomes separated by РЕС electrophoresis (Fig. 
2). Two independent probes that hybridized only to chromosome 
1 in E12 also hybridized only to the smallest chromosome in 
NF7 and K1 (data not shown), as did a cloned cDNA (see 
below). Hence, the smallest chromosomes of each isolate are 
counterparts, designated chromosome 1. Hybridization with a 
probe (pF2.1) specific for E12 chromosome 2 (Fig. 2b) revealed 
that the corresponding chromosome in K1 was much larger (Fig. 
2b). The same results were obtained with this probe when E12 
and NF7 were compared (data not shown). Hence, the second 
smallest chromosome in each isolate is a counterpart of E12 
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Fig. 2 Relationships between the chromosomes of P. falciparum 
cloned line E12 (E) and isolate K1 (K). Chromosomes were frac- 
tionated as in Fig. 1 and stained with EtBr (a). The DNA was 
then blotted to a nitrocellulose filter which was cut into two parts. 
The left and right parts were hybridized with a cloned FC27 
chromosome 2 (5) and chromosome 3 (c) probe. 

Methods. FC27 chromosomes were fractionated as in Fig. la. 
Bands corresponding to each chromosome were sliced from the 
preparative gel, electrophoresed into and then extracted from low- 
gelling agarose. Chromosome-specific hybridization probes were 
generated using EcoRI digestion of DNA from these individual 
chromosome bands and ligation of fragments into the plasmid 
vector РОС (ref. 8). Fragments released from the resulting clones 
pF2.1 and pF3.3 by EcoRI digestion were gel-purified, nick-trans- 
lated and used directly as hybridization probes as described pre- 

viously!*. : 
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Fig. 3 Chromosomal locations of 
genes for repetitive antigens. 
‚ Chromosomes. from E12 and KI 
were fractionated as in Fig. 1 and 
stained with EtBr (a). The DNA was 
: then blotted to nitrocellulose filters 
änd hybridized with a RESA probe 
(clone Ag13, from ref. 12) (b). After 
autoradiography, the filter from b 
was rehybridized with a fivefold 
greater concentration of an Ag7 (ref. 
18) probe and autoradiographed 
again (с). Hybridization of both 
these probes to the origin for K1 is 
probably an artefact resulting from 
trapped DNA (see also Fig. 2c). 
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chromosome 2, even though it differs in size by about 0.3 Mb 
(that is, ~20% ) between isolates. Similarly, three independent 
probes (pF3.3, pF3.9 and pF3.1S) specific for E12 chromosome 
| 3 (Fig. 2c and data not shown) revealed that the corresponding 
"chromosome in КІ was considerably larger. Thus, the third 
smallest chromosomé in each isolate is a counterpart of E12 
chromosome 3, even though E12 chromosome 3 is considerably 
smaller (by ~0.2 Mb) than that of K1 or NF7. 

^ . Kland NF7 each contain a chromosome that is intermediate 
in size between E12 chromosomes 4 and 5. We presume that 
{ив chromosome 4 corresponds to chromosome 4 of E12, which 
‘jg about 0.2 Mb smaller, because we have accounted above for 
'chromosomes 1-3 in each isolate, and hybridization with other 
.DNA probes (see below) shows that chromosomes 5-7 are 
equivalent (Fig. 4). Remarkably, all four chromosomes that can 
be clearly resolved are considerably larger in NF7 and КІ than 
are their counterparts in E12 and FC27. 

Several antigens of P. falciparum are unusual proteins contain- 
ing multiple repeats of oligopeptide sequences*””'*. Assignment 
of these genes by hybridization to separated chromosomes would 
< provide an approach to analysis of the genetic organization of 

""sgenes coding for these repetitive antigens. Hybridization of a 
cloned sequence encoding RESA, a repetitive P. falciparum 
antigen located at the membrane of thé newly infected eryth- 
госуѓе!?, indicates that the RESA gene is located on the polymor- 

oN phic chromosome 1 in both E12 and K1 (Fig. 3b). The RESA 

gene probe also hybridized to chromosome 7 but to a much 
lower extent, in agreement with our observation that several 
restriction fragments cross-hybridized to RESA". The gene for 
a second repetitive antigen, an isolate-specific secreted protein 
designated the S-antigen^, was also located on chromosome 7 
(data not shown), providing further compelling evidence that 
chromosome 7 is indeed distinct from chromosomes 5 and 6. 

: Figure 3c shows hybridization of a cDNA probe encoding a 

. third repetitive antigen designated Ag7, which apparently 

becomes associated with the schizont-infected erythrocyte and 
contains hexapeptide repeats (our unpublished observations). 
The Ag7 probe hybridized to both chromosomes 5 and 6 in E12 
and K1 (Fig. 3c) and in NF7 (data not shown). Its localization 
on two chromosomes was surprising, as the same Ag7 probe 
hybridized to a single polymorphic restriction fragment after 
digestion with EcoR1, Ahalll or Най. 

A cDNA probe encoding a fourth repetitive antigen, desig- 

<i nated FIRA (for Falciparum interspersed repeat antigen, ref. 4) 

also hybridized to both chromosomes 5 and 6 in E12, КІ and 
NF7 (data not shown). Again, conventional Southern hybridiz- 
ation had suggested a single gene in each isolate^, with poly- 
morphisms between isolates. Three other cloned sequences 
derived from isolated chromosomes (pF5.9, pF5.14 and pF5.17, 
data not shown) all hybridized to chromosome 5 as well as 
chromosome 6. Hence, all five sequences that hybridized to 
^ chromosome 5 also hybridized to chromosome 6, in each of the 
neluding plone E12. This i іѕ а paradoxical observation 
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Fig. 4 Karyotypes of FC27 and КІ. The heights of the bars 
represent the approximate sizes of chromosomes 1-7; the wavy 
lines depicting chromosomes 5-7 imply considerably less accuracy 
in these sizes. The scale (in Mb) is indicated at the left. Hybridiz 
ation results are summarized below each chromosome. NF7 was 
indistinguishable from Kl, except that chromosome 1 was: 
—0.9 Mb, Probes designated pF were generated from isolated: 
chromosomes. RESA’ indicates cross-hybridization (Fig. 35). 


our unpublished observations). In seven different isolates, 
including those used here, single restriction fragments were 
detected by each probe, although the size of these fragments 
differed between isolates. Hence, each isolate was apparenti 
homozygous at each of these two highly polymorphic loci, 
we concluded that the blood stages of P. falciparum are haploid, 
in agreement with genetic studies'. However, the single allele 
of Ag7 and FIRA present in each of these isolates seem to each: 
reside on both chromosomes 5 and 6. On the basis of EtBr 
binding, chromosomes 5 and 6 appear to be equimolar ап 
present at the same copy number (presumably 1 per cell): as 
chromosomes 1-4. A possible resolution of this paradox could. 
be that chromosome 5 is an exact but incomplete copy o 
chromosome 6. Other variations of this model are obvioushi 
possible, the crucial point being that P. falciparum appears to 
be haploid for chromosomes 1-4 and diploid for a chromosome 
detected as 5-6 because the two copies are of different sizes. At 
present, we have no independent method to confirm this unex- 
pected observation. It may be ari artefact of this new technique, 
perhaps resulting from chromosome breakage at a specific site. 
The data described here. illustrate the value of РЕС electro- 
analysis of a protozoan parasite that 


























- otherwise is genetically intractable. These results show clearly 
that genes for repetitive antigens are distributed among the 
:*hromosomes of P. falciparum rather than clustered on one 
hromosome: The karyotpye of FC27 was remarkably different 
rom those of NF7 and K1, in that chromosomes 1-4 were all 
considerably smaller, and karyotyping by PFG electrophoresis 
as enabled us to distinguish these three and another two isolates 
768 and V1) examined so far. 

~The phenomenon of uniformly larger chromosomes in one 
solate compared with another is reminiscent. of differences in 
the chromosomes of closely related grasshoppers which differ 
iñ their content of repetitive heterochromatic sequences". 
| However, deletions occurring in vitro could confer a growth 
advantage and so cultured lines тау be rapidly overtaken by 
such variants. The genetic differences underlying these karyo- 
ype differences may be of considerable importance, both clini- 
ally and in the efficacy of any future vaccines. 
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'ost-meiotic segregation of alleles, which is seen, for example, in 
: 5:3 distribution of alleles in the products of a single meiosis 
fungi, has been thought to be due to the non-repair of hetero- 
duplex regions formed during genetic recombination. In current 
models of genetic recombination, heteroduplex DNA is formed 
either as the primary. intermediate generated by two interacting 
non-sister chromatids’ or as a short region flanking a double- 
stranded gap’. The frequency of post-meiotic segregation differs 
r different alleles, and this is presumed to reflect the varying 
fficiencies with which different types of mismatches in the 
teroduplex are repaired. To gain some insight into this process, 
е have now determined the nucleotide sequences of various yeast 
alleles. with different post-meiotic segregation frequencies and 
mpared the mismatches predicted to occur in heteroduplexes of 
ese alleles with wild-type DNA with those repaired with varying 
efficiency in bacterial systems. A striking correlation is observed, 
th the mismatches predicted for high post-meiotic segregation 
requency alleles being similar to mismatches repaired with low 
efficiency in bacteria. These results support the view that post- 
neiotic segregation frequency reflects heteroduplex repair 
efficiency and. the contention that meiotic gene conversion is the 
esult of the successful repair of heteroduplex mismatches. 

The cloning of the А ЕЗ gene has been reported previously". 

" Two methods were used to clone the ade8-18 allele^, both in 
гап ade8-18 host; these were mitotic gap repair’ and meiotic 
"gene conversion of thè- ADES plasmid. Figure 1а shows а 
detailed restriction map. defining the fragments subcloned for 
dideoxy sequencing? while Fig.1b displays the nucleotide 
sequence of the ADES gene. The ade8-18 mutation is а 38-base- 
pair (bp) deletion removing the third position of codon 88 to 
ће first position of codon 101, inclusively. This accounts for 
the observed: non-revertibility of the allele’: The ADES sequence 
_ codes for a 214-amino-acid protein, in close agreement with the 
edicted 232- amino-acid length based on meiotic and X-ray 
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Table 1 Shared sequences in ADE8 and ARG4 
Sequence Location in ADE8 Location in ARG4 

AAGATCC 619 221 
AAGGCAA 614 29 
AAGGTTT ` 551, 1,001, 1,134 231 
ACAAAGG 548, 575 526 
AGATCCC 620 371 
ATGTCAG 817 38 
CAAAGGG 576, 953 527 
CGATATT 741 343 
GATCCTT 700 89 
GCGGGCT 686 176: 
ААССТТТС 551 231 
ТТТСАСААА 629 400 
TACAAAGGG 574 525 





Numbering for ADES begins with the first nucleotide in Fig. 1b. For 
reference, nucleotides 646-683 are deleted in the ade8-18 mutation. . 
Numbering for ARG4 begins with the first nucleotide in Fig. 2. For 
reference, arg4-17 is at nucleotide 164 and arg4-16 is at nucleotide 378. 


site in the coding sequence; this site is absent in both indepen- 
dently isolated ade8-18 plasmids. 

Figure 2 shows the nucleotide sequence of the 566-bp ARG4 
Sst] fragment. The ochre mutation arg4-17, with low post- 
meiotic segregation, is an A to T transversion in the first position — 
of codon 43. The plasmids pSZ524 and pSZ524-17 (provided . 
by T. Orr-Weaver and J. Szostak) were the sources of ARG4 . 
and arg4-17 DNA. The arg4-16 mutation, showing high post: 
meiotic segregation, is a G to C transversion in the second — 
position of codon 114, substituting proline for arginine. The ` 
arg4-16 allele was cloned by mitotic gap repair’. The ARG4 - 
sequence in Fig. 2 agrees with that recently published? except E 
at position. 346, where we read T instead of G, resulting. in 
aspartate rather than glutamate. 2 

The finding that heterozygosity forthe ade8-18 38-bp deletion 
displays high post-meiotic segregation (54% among aberrant 
tetrads) is unexpected. Previous studies of HIS4 deletions 
showed that a 400-bp deletion (his4-A15) displays gene conver- 
sion but no post-meiotic segregation, although à presumed point 
mutation (his4-4^) in the deleted region displays similar non- 
mendelian segregation levels, but 10.3% post-meiotic segrega- - 
tion’. Single-base insertions. also seem not to result in high 
post-meiotic segregation (Table 2). The relationship between _ 
deletion size and the frequency of et outa segregation 
warrants further investigation. _ 

The. high frequency .of post-meiotic se regation hi 
characteristic of the ade8-18 all 
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LETTERS TONATURE = 
a. А s T Р 
BamHI KB D D DH X KSD E BamHI 
: [Ee T ANDE Leora See EST EE A m 
ADES ate а — ——À р 
; P 1 
[re m ts. 
ade8-18 Soiree} N 
—500bp 
Fig. 1 a, Restriction map of ADE8 DNA and . | 
sequencing strategy. The indicated fragments 
Were subcloned into P and MIS "s TCÁGOTGACATCTACGGOU СТТТАСТОТААСААТАТАААСТАСААТССААЛААССААААТТАТАСТТСТТТААСААААСАССААССТТСТССТСОСТСТААААТССТАСТТСТАОТСА 119 
nucleotide sequencing by the dideoxy method. TAGTITAAAAATGCATTSTCCTTCCCACTTCGAAGATAGATTICACCATAAAGACTAAAAGCOTCAGAAGGATTCGAATUAGTGACTOGITGOTAGIGACTCTGACCTOMTETTTATTC 238 
5 Бе; D, Юае1; E, EcoRI; Н, Нра1; K, CACACTICTAAAGTTGAATAACCOTOCTACCCICAACOTTGATGATTTAACTTCCACCAAGCOCACGTGACAGCCAACA 357 
: АСААСАСА c: 
Крпї; S, Sall; X, Xhol. b, Nucleotide sequence SAOCAACACCAAACTTATATAOACTACTTTATGAAG à 
of the ADES gene. The sequence presented 
i i -= nti 1 10 20 

begins with the 412 bp Ddel fragment ina, and met ala arg ile val val leu ile ser gly ser gly ser asn leu gln ale leu ile asp ala gin lys 
reads from left to right, ending at the consensus САСАТСААТААТСТТТССААААССТ ATG GCC АСА АТТ СТС СТА TTA ATT ТСС ССС TCA COT TCC ААС TTG CAA GCC TTG ATC GAT GCC CAA ААС 451 
poly(A) addition signal”! in the SalI/ EcoRI - NEN К: 

H s le his il 1 1 il lys lya ala gly leu thr arg ala ala asp asn asn 
fragment. Putative control regions 5‘ to the open o E Em T & oc GAR CCT oat AST GTC TOT GIC ATA ТОТ TCC AGC АХС AAG GCA TAC GOG ТТА ACT AGO GCA ССС GAC AAT AAT за! 
reading frame are underlined. The role of the М ' з) Р 
* i -aci Г 1 leu t; tyr th 1, ly ile ala 1; lu asp lys ala ale arg ala lys ała arg ser gin pho 
Lo NM RU MEELLTIRLLLLLDLPLPLLLPLDPELELDLDELL E 

Js unknown with ri 
fa : ici 9o 100 . мо 
transcription. The 38-bp deletion comprising glu asn asp leu ala lys leu val leu glu glu lys pro asp val ile ile cys ala gly trp leu leu ile leu gly ser thr phe leu 
the ade8-18 mutation is also underlined. САС ААС САС СТС GCA AAA СТА СТС CTC GAG САА AAG CCT GAC GTT ATC ATC TGC ССО GGC TGG TTA TTG ATC CIT GGA TCT ACT TTC TTG 721 
&de8-]8 deletion Е 
120 Soy ta 130 140 
ser gln leu gln ser val pro ile leu aen leu his pro ala leu pro gly суз phe asp gly thr thr hia ale ile glu met ala trp 
ACC САА СТС CAA TCT GTC CCG ATA TTA ААТ СТО САТ CCA GCG СТА CCA GGT ТОТ TTC САТ GGT ACC ACA САС ОСА ATT САА АТС ССА TGG 811 
te ed 1 lys gl. 9 1 1 
1 li 1; leu thr ala gly cys mat val his tyr val ile glu glu val asp lys gly glu pro leu va. 
CGC AMA ТЕТ E GAG GAG AAC AAG ber стс ACO GCC OGA TEC ATG CTG CAC TAT GTC ATC GAG GAO СТС GAC AAG'GGT GAG CCA TTC GTC 901 
180 190 { 200 
val lys lys leu glu ile ile pro gly glu glu thr leu glu gin tyr glu gin arg vel his sep ala glu his ile ala ile val glu 
СТА AAA ААС CTA GAA ATC АТА ССТ GGC GAA CAA ACA СТА САС CAG TAC GAG CAA AGG CTA CAC GAT ССТ САС САС АТС ССС ATT СТА GAA 991 


98 ^ 


188 


278 


368 


458 


210 214 
ala thr tyr lys val leu gin gin leu his lys OC 


ГА 


i ; GCT АСА TAT AAO OTT TTA CAG CAG СТТ САС AAA TAA OAATACTICCCATATTTATACTTTTATATTTCOCATTCTTCAAACTGAGGCOCGAAACATCTCCCGTCOTAA 1099 


АТСАТСАТСААТССАТТСТСАСААААССАТСТТАЛАССТТТССААТААААТСТ 


x 

1 10 20 

met ser asp gly thr gln lys leu trp gly gly arg phe thr gly glu thr asp pro leu 

ATG TCA САС ССС ACT САА AAA CTA TGG ССТ GGG ACA TTC ACT CGT GAK АСС GAT ССТ TTC 

i 30 40 50 

mot his leu tyr asn ala ser leu pro tyr asp tyr lys net tyr lys ala asp leu glu gly thr lys val tyr thr ala gly leu gin 

ATG CAC CTT ТАС AAT GCG ТОТ СТТ ССС ТАТ GAT, ТАТ AAG ATG ТАТ ААС GCA GAT TTA GAA GGA ACT AAA СТА TAC ACA GCG ССС TTC САС 
т (argé-12) 

60 10 80 

lys leu gly leu leu thr glu thr glu leu ala lys ile his glu gly leu ale glu ile lys lys glu trp asp als азр lys phe val 

AAG ТТС GUT CTT CTA АСС GAG ACA САА TTG ССА ААС ATC CAT GAA GGT TTG GCT GAA АТС ААА AAA САА ТСС САС CCT GAC AAA TTT GTC 


ГА ` 
СААЛАССАССТААСТАТАТААСААСАСТААСССАААС 


90 100 мо 


. arg his pro езп asp glu esp ile his thr ala asn glu arg arg leu gly glu leu ale gly arg asp ile ala gly lye val his thr 


CGT САТ CCA AAC САС GAG САТ ATC CAT АСТ GCG AAT GAA AGA ССТ CTT ССТ САА СТА АТТ ССС CGC GAT АТТ ССТ ССТ AAA GTC САС АСС 


120 130 140 
ely erg aer arg asn asp gln'val val thr asp leu arg ile tyr суз arg asp ile val asn asp thr leu phe pro ala leu lys gly 
COT АСА TCC ССТ ААТ GAT САА СТТ СТТ ACC САТ TTO АСА ATA ТАС TOT CGT САС ATT GTC AAT GAC ACC СТС TTT ССА ССТ TTA AAG ССС 

C (argá-16) 

150 160 ` 170 
leu val glu vel leu ile lys arg ala glu gly glu ile asp val leu met pro gly tyr thr his leu gln arg ala gln pro ile arg 
TIG GIT GAA СТТ CTA АТТ AAG ACG ССС GAA GGT GAG ATA САТ GTC TTA ATG ССА ССС TAC ACA CAT ТТА CAA AGG GCA CAA CCT АТТ АСА 


Fig. 2 Nucleotide sequence of the ARG4 551 
fragment. The ARG4 and arg4-17° sequences 
were obtained from the plasmids pSZ524 and 
pSZ524-17 provided by T. Orr-Weaver and J. 
Szostak. The arg4-16 allele was cloned by 
mitotic gap repair? of SstI-digested pSZ524 in 
an arg4-16 host. The three SstI fragments were 
subcloned into Mi3mp8 in both orientations 
for dideoxy sequencing®. The arg4-16 and arg4- 
17° mutations are given below the wild-type 
sequence. 


trp ser his trp leu ser * ^ 


548 TCG TCT САТ TCG "TQ ACC T Й 


function of the location of the ADES gene іп the genome. When 
the ade8-18 heterozygosity was transferred to the ТЕРІ locus, 
the non-mendelian segregation frequency fell from ~10% to 
the ~1% level observed for trpl alleles, yet ~50% of the 

'non-mendelian segregations were post-meiotic segregation 
events*, Similarly, the ade8-18 post-meiotic segregation 
frequency does not seem to depend wholly on intragenic location 
as the dde8-14 allele is meiotically inseparable yet displays only 
11% post-meiotic segregation (S.F. and K.L., unpublished 
results)", Е 

The two main recombination models now under consideration 
provide contrasting predictions for the features determining 
post-meiotic segregation. Both models feature post-meiotic 
segregation arising from heteroduplex DNA but differ in the 
mechanisms which generate this hDNA. 

The Aviemore or Meselson- Radding model! features asym- 
metrical DNA strand transfer between interacting homologues, 
resulting in an extensive hDNA region. DNA mismatches arising 
in the hDNA are ordinarily recognized and corrected, resulting 
in gene conversion or (cryptic) restoration. Post-meiotic segre- 


gation occurs when such mismatches escape correction during 
meiosis, and are resolved via subsequent replication. Therefore, 
specific alleles displaying high frequencies of post-meiotic segre- 
gation would be expected to generate hDNA mismatches which 
are inefficiently corrected. 

The double-strand break repair model? accounts for recombi- 
nation through the repair of double-stranded DNA. gaps. The 
process uses a homologous chromatid as the repair template. 
Short hDNA regions are formed flanking the repaired double- 
stranded gap. Mismatch repair presumably does not occur in 
this model, and most mismatches will generate post-meiotic 
segregation. Rare alleles displaying high frequencies of post- 
meiotic segregation must occur in hDNA more often and are 
postulated to create or abut on 'pause sites' for the nuclease 
activity which enlarges the initial double-stranded break?. Such 
a pause site could halt or retard enlargement of the gap on one 
or both strands. 

The ADE8 and ARG4 DNA sequences were searched for 
shared sequences which could represent pause sites. Thirteen 
separate sequences of 7, 8 or 9 bp are shared in the regions of 
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Table 2 Mismatch specificity of post-meiotic segregation in yeast and transformation in Streptococcus - "s d 








Ра 
a” эт 


, S. cerevisiae 


Post-meiotic 


р “a `, segregation 
Diploid Mismatch frequency 
ADE8/ade8-18 38-bp deletion 54.1% 
ARG4/arg4-16 - C/CorG/G 32:596 
- ARG4/arg4-17° | АЈА ог Т/Т, “53% 
arg4-17°/arg4-17° A/C or G/ T. ' 42% 
HIS4/his4-519 G insertion - А ' 0 
‚ HIS4/his4-518 C insertion `0 





" ` S. pneumoniae .. 
iy 





Efficiency "ou we Relative 
' class ^'Mismatch '" ^ efficiency 
‚ VHE -33-bp deletion’ 0.86-1.06 
.HE ' C/C or. G/G ..'0.49-0.64' 
Í A/G or C/T = . 
IE _ A/AorT/T © ' 0.17-0.26 
-LE (€ .A/CorG/T °? 0.0026--0.085 


Ped И | | | 


і 


The frequencies of post-meiotic segregation are from ref. 9, except his4-519 (197 tetrads)'* and his4-518 (712 tetrads, SF. and K.L., unpublished | 
results). The his4-518 sequence:;is from M. Culbertson (personal communication): ACC > ACCC and the his4-519 sequence is from ref. 19. The 
nomenclature for 5, pneumoniae efficiency classes is from ref. 16, where one to four sequenced examples of each class Were reported. The relative 


transformation efficiencies are from Lacks'. Large deletions'? 


z ao pi 


- ы $a + , 
interest (ADE8 Hpal/ Sall fragment and ARG4 SstI fragment) 
(see Table 1). Although one of the sequences abuts оп the 
arg4-16 site and is also represented “only 19 bases away from 
the ade8-18 breakpoint, another sequence is equally close to 
ade8-18 and the low post-meiotic segregation arg4-17 site. No 
new homology is generated by any of the mutations studied in 
these regions. Therefore, our data neither support nor rule out 
the presence of a pause site near the кор post-meiotic 
segregation alleles. 

Table 2 lists the Saccharomyces cerevisiae hDNA mismatches 
generated by the alleles whose sequences were determined in 
the present study. No other data on mismatch repair efficiencies 
for specific mismatches in S. cerevisiae exist. However, post- 
meiotic segregation is observed for specific G to C transversions 
creating C/C or G/G mismatches during meiotic coriversion of ' 
transfer RNA genes in Schizosaccharomyces: pombe!, Analysis 
of two bacteriophage T4 frameshift mutations which could have- 
arisen through hDNA repair on.a quasipalindromic sequence’ 
containing a two-base bulge (that is, an insertion relative to the 
other ‘strand’) and three sets of base-pair mismatches, G/G, 


Т/С and C/C, yielded one mutant in which all'three- base pair T 


mismatches- had been corrected along with the bulge, while.in 
the other mutant only the C/ C mismatch survived the correction ‚ 
process"? 

There i is a striking correlation between the S. cerevisiae data 
shown in Table 2 and the relative transformation efficiencies of 
various markers in Streptococcus pneumoniae, Exogenous DNA 
is converted to single-stranded DNA upon or concomitant with 
entry into the S. pneumoniae cell, The DNA'single strands are 
then taken. up by host DNAP, presumably resulting in hDNA 
and D-loops in homologous regions. Marker transformation `- 
efficiency is interpreted as being a function of the probability 
of hDNA mismatch recognition’. Once recognition occurs, 
incoming information is excised. Thus, transformation efficiency - 
is inversely related to hDNA mismatch recognition!^: The right ^ 

‘half of Table 2 presents the four identified transformation. ` 
efficiency classes!? and the potential hDNA mismatches arising ' 
from sequenced examples!. Comparisons within Table 2 reveal. 
that the frequency of post-meiotic segregation in yeast-and 
‘transformation efficiency in Streptococcus seem:to be based on 
similarly specific hDNA mismatch correction. Correction of 
individual base pair mismatches by the methylation-directed ` 
system in Escherichia coli is also similar. For example, C/C, 
A/G and C/T are inefficiently corrected; A/A is fun etticiently 
corrected and A/C and G/T are well corrected”. 

Based on the above correlations, we are constructing diploid 
strains harbouring all six possible pairs of mismatches ata single 
site. These will provide critical information concerning the 
nature of the meiotic recombination intermediate. If the inter- , 
mediate is primarily hDNA, the frequency of post-meiotic segre- : 
gation should vary with the mismatch generated. However, if 


and presumed frameshifts?? 
efficiency; HE, high efficiency; IE, intermediate efficiency; LE, low efficiency. d - : 


„220 


аге usually LE markers in Streptococcus: VHE, very high 


fe 


` the intermediate is „primarily a double-stranded gap, ‘post- у 


meiotic segregation frequency will depend only on the sequence 
present on the gapped or recipient chromatid. In this instance,, 
similar post-meiotic segregation frequencies would be expected © 
for all six diploids unless.a particular mutant allele creates а 
pause site not present in the wild-type: strain. 

In conclusion, we have presented data which comprise a 
framework for a molecular analysis of the meiotic recombination 
-intermediate. If the intermediate is a double-stranded gap, 54% 
of the gaps formed near the ade8-18 site must have a hDNA 
. segment of at least 38 bp, perhaps due to a pause site. On the 
„other hand, we find that the frequency of post-meiotic segrega- 
tion is correlated with the nature of specific hDNA mismatches 
analysed and-our data therefore suggest a hDNA intermediate. 
In fact, data for two point crosses at-ARG4 suggest that the 
_A/A or. T/T mismatch generated by arg417° can- promote 
correction of the arg4-16 C/C or G/G mismatch’. Thus, sites 
separated by 213 bp can be involved in the same hDNA region. 
If further experiménts confirm that segregation frequency is 


_ controlled by the.structure of the mismatch itself, father than 


the sequence environment, it will be possible to estimate more 
accurately the minimum contribution of hDNA to ше шеюпе 
recombination intermediate. ` 
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Why Swissair thinks i it important to offer First Class 
on even the shortest flights. L2 


GGK 


i 
| 
` | 


Reader Service No.12 І 


Because тапу of our passengers 

• will not put up with second best on 

the ground and we will not ask them to 
do so in the air. 


Because we have built up our repu- 

«tation by putting our passengers’ 

interest first and they do not expect us 
to lower our standards. 


Because, for the businessman, fly- ` 
e ing offers an all too rare opportunity ` 
.to rest and recuperate, read and reflect. 


and, of course, toeat and drink at leisure. 
Even on a short flight the tranquillity 
and ambiance of the Swissair First Class 
cabin is a welcome antidote to the tele- 
phone and meeting room. ` 


Because we think first class long- 
e haul passengers are entitled to- 
travel in the same class on European 


flights. 


Because more and more passengers 
• enjoy the comfort ae our First Class 
lounges. 


Because we take Pride in provid- 
«ing our passengers with the finest 


airline service aloft. Swissair First Class 


, Where our specialist staff will welcome | 
“you and give that individual attention | , 
which’ is a hallmark of our service. - 
Where you have superb meals and deli- _ 
cacies with a large variety of beverages,’ - 
all served with the luxurious trimmings ` 


of a fine restaurant. 


Because our spacious Slumberettes 


„ on all long distance B-747s and 


DC-lüs ensure absolute. comfort 


whether you are working, or eating, Or 
sleeping peacefully., 


Because: our short-haul 
• make an excellent first class appe- 


-tiser to our long-haul flights covering 


the Middle and Far East, Africa and 
North and South America. 


. T + i 
Because our Business Class and 


«e Economy Class are rated so highly 
we have to. have a First Class which i is 
quite outstanding. 


n 
П 


1 Because the very ‘best aspects of 
e Swiss hospitality are embodięd ae 


in Swissair First Class. 


flights © 


“TheGLCh st ken. n 
essentially negative attitude 
.. onmostof the major 
planning issues in London... 
On several such issues its 

contribution has been 
incompetent, irrelevant, 
or irresponsible’ 


Inthe alterations it has submitted, to the 
` Greater London Development Plan 
(GLDP) the GLC sets policies and 
programmes for co-ordinated action to 
improve London's environment: Among 
the GLC’s own initiatives are:- 


Protecting 88,000 acres of Green Belt 
from major building. . - 
E for new country parks, such as 
Colne Valley and Lee Valley. 
Maintaining 20,000 acres of urban 
- parks and open spaces. M 
Creating large urban parks at Mile End 
оме Hamlets) and Burgess Park 
Southwark). 
Aspecialist ecolo 
and grant aid work to protect wild life > 
and natural environments.. -  . 
Redevelopment of obsolete urban’ 
environments for community use 
— Coin Street and Courages.. - 


Reariar Sarvira No.03 3 


teamto advise on 


Kenneth Baker, in Committee debate on Local 


| Government Bill, 15 January, 1985. 


e Reclaiming polluted lands at Woolwich 
Arsenal, Battlebridge Basin, and 
Wandsworth Gas works for housing, 
recreational and industrial use. 

e Reclaiming land spoilt by minerals 
working for recreational uses. 

e Protecting London from flooding and 
encouraging access to and greater 
use ofthe Thames. 

e Tackling London's high levels of noise, 

. vibration, air, land and water pollution. 

e Protection of and repairs to London's 
historic buildings and areas, such as 
Covent Garden. 

e The Secretary of State refused to 
consider alterations to the GLDP; how 
will their initiatives be continued 
without a co-ordinated plan and the 
resources of an elected London-wide 


planning authority? G LC 


Working for London 
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Heresy of immanence 


John Maddox ` 





The Probability of God. By Hugh Montefiore: 
SCM Press, 26-30 Tottenham Road, London: 1985. Pbk £6.95. 





ON MATTERS of dogma the Anglican 
Church has an almost Unitarian god-of- 
your-choice flexibility, typified by the vicar 
in the 1960s revue ‘‘Beyond the Fringe" 
who was indistinguishable from a social 
worker and whose slogan was ‘‘Call me 
Bill; that's the kind of vicar I am". Hugh 
Montefiore, Anglican Bishop of Birmingham 
since 1978, is that kind of bishop. | 

The Probability of God is only margin- 
ally a theological work which, in that 
respect, has much in common with the 
opinions of the turbulent northern bishops 
such as the new incumbent at Durham, who 
15 forever shocking the popular newspapers 
by saying that he doubts the doctrine of 
trans-substantiation. The real purpose of 
the book is to demonstrate the immanence 
of God (or, more ecumenically, 1 suppose, 
some God) from the explanatory incom- 
pleteness of scientific theories, from 
cosmology to evolution. 

To be frank (and fair), the book is a 
good and even entertaining read. Over the 
past few years, Montefiore has taken a 
serious and continuing public interest in 
matters such as the environment and arms 
control. He is both reasonable and earnest, 
willing to acknowledge that he does not 
know science at first hand, insistent never- 
theless that it must be possible for an 
honest enquirer to get to the bottom of it 
(in which he is right) and, then, willing to 
take up the cudgels in the defence of what 
seems sanity. If there have to be bishops, 
nobody could ask for better. 

The book is as reasonable as the man. 
On cosmology, for example, Montefiore 
does not seize on the big bang as proof that 
there is (or at least was) a Creator; that, 
he says, would be ‘о confuse secondary 


with primary causes’’. Instead, he follows’ 


the recent writings of Professor Paul C. 
Davies in emphasizing the numerical coin- 
cidences without which life as we know it 
would not have been possible — the small 
but not-too-small degree of anisotropy at 
the beginning that made it possible for 
galaxies to form; the particular ratio of 
gravitational and electromagnetic forces 
which ensures that all stars are not red 
dwarfs; the particular value of the coupling 
constant of the strong nuclear force which 
means that heavy elements (which we need 
in our enzymes) are stable but which is not 
so great that the post-big-bang ratio of 
hydrogen to helium would have been 
negligible. . 
Montefiore's refrain is typified by the 
declaration that ‘‘It seems remarkable that 
the possibility of a planet where life as we 


know it could evolve should depend upon. 





the precise value of this, the weak nuclear 
coupling constant”. The anthropic prin- 
ciple, which has it that people can observe 
only a universe conducive to their own 
existence, is dismissed, but unconvincingly. 
Lovelock's Gaia hypothesis is a natural 
next: if the temperature on the surface of 
the Earth has been that which has been suit- 
able for the survival of living things since 
the Precambrian, the ups and downs of the 
solar constant, or the variations of the 
chemical composition of the atmosphere 
notwithstanding, does it not follow that 
there must have been some intervention on 
behalf of us and our kind? 

The texture of the two evolutionary 
chapters is different, even though 
Montefiore again begins by not taking the 
easy way out by letting everything hang on 
the belief that there has been too little time 
since the beginning of the Solar System for 
such a complicated set of living species as 
are now extant to have evolved. Montefiore 
argues instead from particular examples, 
but first asserts that science has made a 
dogma of natural selection. The rest is a 
collection of gee-whizz stories, ''puzzle 
after puzzle". Why are our viscera the way 
they are? Why should Drosophila larvae be 
interposed between egg and adult? Why 
several independent and apparently suc- 
cessful attempts to evolve an eye? Popper's 
description of Darwinism as metaphysical 
(because it cannot be falsified) is mention- 
ed, Popper's recantation is not. 

In passing, Montefiore roundly 
castigates the Creationists, condemns 
Lysenko, concludes regretfully that there 


15 no hope for Christians іп Lamarck but 


plainly has a soft spot for Dr Ted Steele, 
the immunologist who caused a minor 
sensation a few years ago by claiming that 
immunological genetic changes may be 
inherited in the germ line. Mystifyingly, he 
also pats Rupert Sheldrake on the back, 
noting that the tendency for living cells to 
assemble in ordered ways can be explain- 
ed 1f, indeed, there are ‘‘morphogenetic 
fields” which, for example, guide neurones 


to the connections with others that make ` 


them function properly. 

Montefiore's God, therefore, is not a 
once and for all God, one who drew up the 
laws. of physics and then left us to it, nor 
а “Сой of the gaps", one who may have 
intervened from time to time, but is instead 
an immanent God, embedded in the Uni- 
verse and helping to make it tick from one 
instant to the next. By means of an argu- 
ment reminiscent of Arthur Koestler’s 
Roots of Coincidence, a tract in favour of 
the paranormal, Montefiore concludes that 





the nature of the Universe makes the hypo- 
thesis of God probable, whereupon more 
familiar religious arguments lead to Chris- 
tianity and all that. In passing (and at the 
outset), he rejects the notion that religion 
is a code by which people may distinguish 
ethical and moral behaviour from other 
kinds of behaviour, and which is therefore 
orthogonal to rational consideration of the 
Universe. 

Although the cosmological part of 
Montefiore’s argument would fall apart if 
the ambitions of particle physicists to unify 
the four forces of nature were to succeed, 
and demonstrate that the cosmic coinci- 
dences can be derived from the laws of 
physics, the flaw in the whole argument is 
not in the detail but in the grand design. 
Montefiore writes as if present scientific 
understanding of the Universe were com- 
plete, as if we shall always be stuck, for ex- 
ample, with the model of the big bang (in 
its contemporary form, no older than the 
discovery of the microwave background , 
radiation). It would be an interesting 
exercise if somebody were to rewrite 
Montefiore's book at intervals of, say, five 
years; his natural theology (pace David 
Hume) would repeatedly be found to derive 
from different sets of circumstances. 

Indeed, Montefiore's whole enterprise 1s 
more hazardous, and dangerous, than his 
reasonable tone implies. His immanent 
God, working in everything, qualifies him 
as a pantheist. One does not have to go 
quite as far as Hermann Bondi, whom 
Montefiore quotes as having described 
religion as a **dangerous and habit-forming 
evil’, to be deeply suspicious of how 
pantheism could corrupt the process of 
scientific enquiry. At what point in the 
investigation of the evolution of the human 
eye, for example, will investigators feel free 
to chicken out, ascribing some parts of the 
process to natural selection and others to 
God? Montefiore says his is not the ‘‘God 
of the gaps”, but it sounds a bit like the 
God of the unsolved problems. 

Religious belief is common, even among 
scientists, and, in moderation, is at worst 
harmless. Many believers are content with 
what seems to them the sensible position 
that religious belief is neither dependent on 
nor even connected with the character of 
the Universe in which they live and carry 
out experiments. Others take the view that 
physical divine intervention ended with the 
big bang. Explanations of the real world 
that suppose there 1s an invisible hand 
somewhere, making sure that hidden pur- 
poses are fulfilled even in the face of the 
laws of physics are less common but, in 
their nature, more challenging. Montefiore's 
book, although honest to the point of 
saying that ‘‘the possibility that there is no 
God remains open” (but is ‘‘wildly ım- 
probable"), asks of its readers a con- 
cession to irrationality that most will find 
impossible to make. 0 


John Maddox is Editor of Nature 
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Ringing the changes 
in chemistry 
Robert Ramage 


Comprehensive Heterocyclic Chemistry: 


The Structure, Reactions, Synthesis and 
Uses of Heterocyclic Compounds. 
Chairmen of the editorial board Alan 
R. Katritzky and Charles W. Rees. 
Pergamon: 1984. Eight volumes. 

£1375, $2200. 


HETEROCYCLIC chemistry is a -crucially 
important area of organic chemistry; it 


embraces a wide range of structural types 


and applications; and the pharmaceutical 
industry is, to a large extent, sustained by 
developments in the structure, reactivity 
and synthesis of heterocyclic systems. 


Pergamon's eight-volume series has these ` 


three themes as the unifying factor, which 
has enabled the principal editors and the 
volume editors to achieve an internally 
consistent presentation. embodying 
coverage of a remarkable range of topics. 
The necessary editorial control exercised in 
the compilation of 154 chapters has'not 
stifled the independent scholarship of the 
many contributing authors — their 
collective efforts have resulted in a work 
which can truly be considered to be 

"comprehensive". Y 

The series is subdivided into six parts, 
and the approach adopted by the editors 
can best be illustrated by the general in- 
dividual chapters on structure, reactivity 
and synthesis in Vols 2, 4, 5 and 7. These 
contributions are not only interesting in 
themselves but are excellent introductions 
to the subsequent, 
material in each section. . 

The editors have used Vol. 1 (which con- 
stitutes Part 1) to deal with general matters 
such as nomenclature, review literature, 
biosynthesis and applications of hetero- 
cyclic compounds, thus allowing the fol- 
lowing sections to deal more with funda- 
mental principles. In addition, the first 
volume treats an assortment of lesser 
known heterocyclic systems which could 
not easily be assimilated into the accounts 
of the main heterocyclic systems. Chapter 
1.03 on the review literature of heterocycles 
includes an impressive yet accessible collec- 
tion of a wide range of references, subdi- 
vided into synthesis, reactions and proper- 
ties, while biological applications are suc- 
cinctly discussed in chapters dealing with 
biosynthesis, toxicity, and pharmaceutical, 
agrochemical and veterinary products. 
Chapter 1.17 by K. Dimroth, on heterocyc- 
lic rings containing phosphorus, is espec- 
ially impressive in content and organization 
and will allow chemists to appreciate more 
fully this lesstraditional area of the subject. 


Part 2 covers six-membered ring systems - 


incorporating one nitrogen atom (Vol. 2) 
and then oxygen, sulphur, or two or more 
nitrogen atoms (Vol. 3). The treatment of 





more specialized ` 
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these topics is consistent with the general 
editorial policy of logical development 
from structure through ‘reactivity to syn- 
thesis. Highlights here are Chapter 2.03, a 
strategic discussion of synthesis of ‘six- 
membered rings with varying-degrees of un- 
saturation, and Chapters 2.05 and 2.06 
which illustrate many facets of pyridine re- 
activity in monocyclic and bicyclic systems. 


Volume 2 will certainly provide good back-. 


ground reading in this general area, while 


the more specialized topics of Vol.,3 are 
treated in a clear, interesting manner.. 


Together, these two volumes contain the 
fundamental chemistry required for under- 
standing of many.of the biologically 
important heterocyclic systems. . 

In Vol. 4 (Part 3. of the series), the ap- 
proach to five:membered rings containing 
опе hetero-atom is in accord with the pat- 


tern set'out in the previous volumes. -The- 


introductory section (Chapters 3.01, 3.02 
and 3.03) has been authoritatively written 
by C.W. Bird and G.W.H: Cheeseman, 
and there are useful accounts of the 


application of spectroscopic: methods. to. 


structural problems of five-membered 
heterocycles, resonancé and tautomerism. 


. Pyrroles. and their. бепо derivatives are 
dealt with in some detail, and are followed ; 


by an excellent chapter by K.M: Smith on 


. pórphyrins'and related compounds which 
examines in: depth the synthesis-of simple 


córrinoids and vitamin B,;. The treatment 


' of furan and thiophene chemistry is both 


a critical and an extensive contribution." 
Both Vols 5 and 6 (Part `4) -include 


accounts of a remarkable range of hetero-. 
cycles containing -two or -тоге, hetero-- 


atoms. Each class of ring systemvis treated 
consistently, and here are..to-be found 





Bacterial diplomacy 
Howard С. Berg ^ 





Motility and Taxis i in  Prokarjoies:: 
By A.N. Glagolev. 


: Harwood: 1984. Рр.279. $126. 


MODERN work on bacterial motility and 
taxis dates from the demonstration: by 
Julius Adler (Science 166, 1588-1597; 1969) 
that the bacterium Escherichia ‘coli has 


'specific-chemorecéptors: proteins near its 


outer surface that bind particular amino 
acids or sugars, causing the cell to respond 
favourably to changes in its environment, 
even in the absence of transport or meta- 


:bolism. This meant that one could study 


behaviour without Having to worry. much 
about energetics, using ‘genetic tricks to 
unravel steps in the sensory- ое 
pathway. 

In the Soviet Union, interest in this field 
was sparked by Vladimir Skulachev, well 


known for his work on .chemiosmotic | 


proton circuits, following the discovery-by 


Larsen, Adler, Gargus and Hogg (Proc. . 
U.S.A. -TŁ, 1239-12433. 


natn. Acad. "Se 











heterocyclic types ranging from'the biolo- 
gically important imidazoles and purines to 
:the more specifically chemically interesting 
systems of importance in organic synthesis. 
_ Volume 7 (Part 5) is used to collate the 
less voluminous chemistry of heterocyclic 
systems having small and large rings. The 
treatment of small-ring chemistry is instrüc- 
tive and well written, although the coveragé 
of ff-lactam antibiotics is of necessity rather 
too brief to be of more than general 
interest. The chemistry of seven-membered 

, and larger rings is dealt with clearly and 


|- concisely, and crown ethers and cryptands 


are thoroughly reviewed by A.D. Hamilton 
_ who takes the subject from consideration 
of crystal structures to biological and syn- 
thetic applications of coordination of these 
macrocycles containing several hetero- 
atoms. 4 
The final volume (and part) contains the 
' index, helpfully divided into physical data, 
author, subject and ring. In addition, the 
work as a whole benefits from an ingenious 
reference code system which gives the 
reader easy access to.original papers and 
source material such as books and reviews. 
Comprehensive Heterocyclic Chemistry 
makes a unique contribution to the litera- 
‘ture of organic chemistry. The references 
quoted are mainly post-1965, and together 
the eight volumes provide chemists, and 
biologists working at the chemical 
interface, with an impressive body of 
: collected knowledge which is not available 
from.any other source. Expensive though 
it is, chemistry libraries cannot afford to 
.be without this series. - RE 


Robert Ramage is Forbes Professor of Organic 
Chemistry at the University of Edinburgh. 
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1974) that bacterial flagella are powered, 

, not by ATP, but rather by the high-energy 
intermediate of oxidative phosphorylation. 
Work in the Soviet Union, the United 
States and Japan has since shown that the 
immediate source of energy for flagellar 
rotation is; indeed, the protonmotive force. 
_Alexei Glagolev, a protégé of Skulachev, 
now raises the Mitchellian banner and 
argues that AHH ^ plays an important role 
in tactic sensing and signalling. 

This is a research monograph, not a 
book for the casual reader. It begins with 
a compact survey of bioenergetics, sum- 
marizes work on the motile mechanics of 
flagellated cells and gliders, and then 
presents an extensive discussion of various 
forms of directed movement, including 
'chemo-, photo-, .thermo-, visco- and 
magneto-taxis. "The book brings together 


| the results of a number of experiments des- 


cribed previously by the author and his col- > 
leagues in a series of short papers appear- 
ing primarily in FEBS Letters and FEMS 

Microbiology Letters. А 
While many of the phenomena described 
-in these papers and reviewed here are strik- 
ing and warrant serious attention.— experi- 
ments on the behaviour of long trichomes 





NATURE VOL. 315 23 MAY" 1985 


















BOOK REVIEWS 


of the gliding cyanobacterium Phormidium , protein), thus liberating CheC (the flagellar 


uncinatum are particularly elegant — I find 
myself sceptical of the work as a whole. A 
modern-day bioenergeticist comes armed 
with a number of chemical weapons (iono- 
phores, uncouplers and inhibitors) with 
which I have had limited experience. How 
secure are the conclusions drawn from 
experiments in which such weaponry is 
applied? These reagents are not all highly 
specific. For example, the calcium iono- 
phore A23187 has poor selectivity for 
Ca?* over Mg?* and can even exchange 
Na* for H*. The ATPase inhibitor 
DCCD reacts with alcohols and amines, 
not only with carboxyl groups in hydro- 
phobic pockets. Furthermore, not all such 
reagents readily penetrate the outer mem- 
brane of gram-negative bacteria. The per- 
meability properties of the outer membrane 
of E. coli are reasonably well understood, 
but what about Ph. uncinatum, Rhodos- 
pirillum rubrum or Vibrio harveyi, to name 
but a few of the organisms discussed here, 
or the archaebacterium Halobacterium 
halobium? These systems are complex. 
More than one function can be perturbed 
by chemical modification. How is the 
novice to judge the reliability of this 
approach when discussions are so brief? 

My concern is reinforced by recent re- 
sults obtained by the genetic approach. For 
example, by comparing the effects of the 
inhibitors DCCD and KCN on both photo- 
taxis and motility in H. halobium, Glagolev 
argues that phototaxis in this organism is 
mediated by changes in AgH*. This 
bolsters his argument that sensory systems 
in bacteria might have evolved from a 
primitive protometer. However, as he 
readily acknowledges in his addendum 
(August 1983), the discovery that photo- 
taxis in H. halobium is mediated by a slow- 
cycling rhodopsin distinct from either bac- 
teriorhodopsin or halorhodopsin — see 
Spudich and Bogomolni Nature 312, 
509-513 (1984) — makes this interpretation 
highly unlikely. Or take the molecular 
model for chemotaxis (Fig.38), which 
includes (i) activation of cGMP by an 
attractant-receptor-MCP (methyl-accepting 
chemotaxis protein) complex, (ii) blockage 
by cGMP of the chemotaxis signal, com- 
prised of a repellent-receptor-CheB (meth- 
ylesterase) complex, which (iii) affects the 
flagella by binding to CheZ (a cytoplasmic 


Making waves — climbing 
parabolic sand dunes 
approaching Juniper Buttes, 
Snake River Plain, Idaho; 
wind direction is from lower 
left to upper right. The 
picture is reproduced from 
Wind as a Geological Process 
(on Earth, Mars, Venus and 
Titan), by Ronald Greeley 
and James D. Iversen. 
Publisher is Cambridge 
University Press, price is £35, 
$59.50. 





switch) and allowing Ca?*-dependent 


(possibly membrane potential-dependent) | 


flagellar reversals. As far as I am aware, 
evidence for the involvement of either 
cGMP or Ca? in this process is 
equivocal, while mutants deleted for cheB 


and/or cheR (the methyltransferase) have 


normal excitation kinetics. So I find this 
model speculative in the extreme. 

I therefore do not agree with the writer 
of the book's promotional blurb, who 
claims that this is ‘‘the first rigorous sur- 
vey of the major new discoveries pertaining 
to bacterial behaviour”. But I do find the 
book a lively, honest, even exuberant work, 


Only natural 
L. Crombie 


The Chemistry of Natural Products. 
Edited by R.H. Thomson. 
Blackie/Methuen: 1985. Pp.467. 
£46, $75. 














ONE of the great barriers to a general 
appreciation of organic chemistry is the 
system of structural formulae employed by 
organic chemists. This is a pity, but under- 
standable. The structural formula, with its 
dense information content, has evolved to 
its present form over a century and the 
practised organic chemist can take in at a 
glance an enormous amount of precise and 
detailed scientific information. Like any 
other language this pictogram system has 
to be learnt and practised, but once fluency 
is attained it is easy to use and, mathe- 
matical notation apart, is more universally 
accepted in science that any other 
language. 

The Chemistry of Natural Products is 
full of such formulae, beautifully drawn 
and presented, and very helpful they are 
too. However, despite their plentiful use, 
the field of natural products is so large that 
a writer or editor must be very selective in 
the choice of topics to be covered ina single 
book. Professor Thomson has assembled a 
group of ten excellent authors to write 
about some of the principal sectors of the 
subject — carbohydrates, aliphatic and 
aromatic compounds, terpenes, steroids, 








| exciting account because of the diversity of 


| make attractive reading and were doubtless 





| — one learns a great deal from peer review 


| should. be strengthened. We need mo 


- Howard C. Berg is Professor of Biology at thi 




















full of interesting facts and figures, th 
carries the discussion of bacterial behavi 
well beyond the narrow confines of the 
coli/S. typhimurium school. 

One of the problems, regrettably, is th: 
our Soviet colleagues have not had the 
benefit of much feedback from the Ме 


and the grapevine. Nor have we absorbed 
as much as we should of their bioenergetic 
expertise. The channels of communicatio 


bacterial diplomacy. t 
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California Institute of Technology, Pasadena. 


alkaloids, nucleosides, nucleotides. 
nucleic acids, amino acids, peptides ап 
proteins, and porphyrins and related com 
pounds. Even so, limitations have had t 
be imposed. Authors were asked to em 
phasize stucture, chemistry and synthesis 
and make only passing reference to biosyn 
thesis. Additionally, their brief was. ti 














the readership which has to have an ap 
preciable basic knowledge of the subject 
for. such people, however, the book 
stimulating and valuable for keeping 
abreast of developments. i 
Undergraduates will probably find th 
chapters too terse and lacking in detaile 
explanation for direct use, but this should 
prove to Бе а useful book to their teacher 
for updating lecture notes. Postgraduates 
especially those undertaking research in 
this area, will find it invaluable for acquir- 
ing a broader, up-to-date view of their sub: 
ject. However, a price has had to be paid 
for this wide coverage in that, because o 
constraints on space, some authors hàve 
adopted a rather telegraphic style remin 


seen some reduction in the number of sub: 
jects covered and rather more relaxed and 
extended treatments. ie 
: Looking over these various topics, d 
sense that the contributors were necessarily 
assigned tasks of unequal difficulty. It 

Gistinctly harder for authors of general sec- 
tions such as “Aliphatic Compounds” or 
"Aromatic Compounds” to produce an 


their material. On the other hand, more 
homogeneous topics — ‘“‘Porphyrins and 
Related. Compounds” or Amino Acids, 
Peptides and Proteins” for example — 


more pleasurable to write. The book itself 
isa good example of a stout, well-produced 
product at an acceptable price. Er 





L. Crombie is the Sir Jesse Boot Professor of. 
Organic Chemistry at the Uni versity of 
Nottingham. 
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June meetings 


5. June 1985, Seminar on Laboratory 
Automation, London, UK (Marketing 
Director, V.A. Howe & Co., 12-14 St 
Anne's Crescent, London SW18 21.5, UK) 
10-15 June 1985, Bari International 
Conference on F.VIH/von Willebrand 
Factor-Biological and Clinical Advances, 
Pizzomunno Vieste del Gargano, Italy (Dr 
N. Ciavarella, Hemophilia Centre, 
Policlinico, University, 70124 Bari, Italy) 
25-28 June 1985, International Sym- 
posium on Forest Utilization of Municipal 
and Industrial Wastewater and Sludge, 
Seattle, Washington, USA (K. Grier, Col- 
lege of Forest Resources AR-10, University 
of Washington, Seattle, WA 98195) 


August meetings 

27 August 1985, International Con- 
nce on the Immonogenetics of Type I 
Diabetics and Autoimmune Thyroid 
‘Disease, St. John’s, Newfoundland, 
‘Canada (N.R. Farid, Prof. of Medicine, 
ef-Division of Endocrinology and 
etabolism, Memorial University of New- 
foundland, St John's, Newfoundland, 
Canada) 


September meetings 

-6 September. 1985, International Con- 
nee on Atmospheric Carbon Dioxide; 
Sources, Sinks and Global Transport, 
andersteg, Switzerland (Ulrich Siegen- 
, Physics Institute, Sidlerstrasse 5, 
3012 Bern, Switzerland) 


ress for Artificial Organs, Athens, Greece 
of. S. Raptis, M.D. P.O. Box 14127, 
10 Athens, Greece) 
116-20 September 1985, International Meet- 
ig on Quantum Chemistry, Strasbourg, 
rance (Dr A. Veillard, Université Louis 
asteur, Institut Le Bel, 4 Rue Blaise 
?ascal, 67000 Strasbourg, France). 
7-19 September 1985, International Sym- 
sium on Lyme Disease and Related 
isorders, Vienna, Austria (Dr G. Stanek, 
M.D. Hygiene Institute of the University, 
A-1095 Vienna, Austria). 

 September-3 October 1985, European 
mposium on Hormones and Cell 
ulation, Strasbourg, France (Dr R.J.B. 
ng, Imperial Cancer Research Fund 
boratories, Hormone. Biochemistry 
Department, РО Box 123, Lincoln's Inn 
_ Fields, London WC2A 3PX, UK). 


. October meetings 


3-4 October 1985, International Meeting 
on Haemodynamics and Atherosclerosis, 
< Wellington, New Zealand (Dr W.E. 
_ Stehbens, Department of Pathology, Well- 
ington Clinical School of Medicine, 
- Wellington, 2, New Zealand). 

3-5 October 1985, 2nd Congress of the 
"European Society of Magnetic Resonance 
< in Medicine and Biology (with Exhibition), 
* Montreux, Switzerland (Dr M.A. Hopf, 1 
ute Ring Florissant CH-1206 Geneva, 


September 1985, European Con- 


8-10 October 1985, dutermatondl Congress 
and Exhibition for Biotechnology, ''Bio- 
technica", Hannover, West Germany 
(Deutsche Messe — und Ausstellungs — 
AG, Messegelande, D-3000, Hannover 82, 
FRG). 

20-25 October 1985, International Con- 
ference on Leukotrienes and Prostanoids 
in Health and Disease, Jerusalem, Israel 
(Prof. U. Zor, Dept. of Hormone 
Research, Weizmann Institute of Science, 
Rehovot, Israel 76100) 

21-24 October 1985, International Con- 
ference on Pesticides Toxicity, Safety and 
Risk Assessment, Lucknow, India (Dr 
T.S.S. Dikshith, General Secretary of the 
Industrial Toxicology Research Centre, 
Mahatma Gandhi Marg, Post Box No. 80, 
Lucknow - 226001, India). 

23-25 October 1985, Congress of the Inter- 
national Society for Research on Civiliza- 
tion Diseases and Environment, Budapest, 
Hungary (Congress Bureau MOTESZ, 
Budapest PO Box 32, H-11361, Hungary). 
28 October-1 November 1985, Interna- 
tional Symposium on Source Term Evalua- 
tion for Accident Conditions, Columbus 
Ohio, USA (M. Jankowski, Div. of 
Nuclear Safety, c/o Int. Atomic Energy 
Agency, Vienna International Centre, PO 
Box 100, A-1400 Vienna, Austria). 


November meetings 


18-21 November 1985, Scientific Consen- 
sus Conference on methods for assessment 
of the cariogenic potential of foods, Texas, 
USA (Dr Dominick P. DePaola, Chairman 
Consensus Conference Planning Commit- 
tee, Dean, U.T.H.S.C.S.A., DS 7703 
Floyd Curl Drive Antonio, Texas 78284, 
USA) 

25 November-6 December 1985, Inter- 
national Symposium on Optical and 
Electro-Optical Applied Science and 
Engineering, Cannes, France (J. Prado, 
Cannes Conference Coordinator, ANRT- 
Association Nationale de la recherche 
Technique 101, Avenue Raymond Poin- 
caré, 75116 Paris, France) 


Appointments 


President Reagan has announced his inten- 
tion to nominate Dr John H. Moore as 
Deputy Director of the National Science 
Foundation (NSF). Dr. Moore has been 
Associate Director and Senior Fellow of 
the National Science Board, the policy 
making body of NSF since 1982. Dr Moore 
would succeed Donald Newton 
Langenberg. 


The Minister of Agriculture, Fisheries and 
Food has appointed Dr Robert N. 
Crossett, Chief Scientist (Fisheries and 
Food) of the Ministry, to be a member of 
the Agricultural and Food Research Coun- 
cil. 


Please send ‘Announcements’ 
entries to: The Editor, Nature, 


4, Little Essex Street, 
London WC2R 3LF, UK 





The KROC Foundation has endowed a $1 
million chair at UC-San Francisco to sup- 
port biomedical research on rheumatic and 
other immunological diseases. The first 
holder of the Robert L. Kroc Chair in 
Rheumatic and Connective Tissue Diseases 
is Edward J. Goetzl, professor of medicine 
and director of the Division of Allergy and 
Immunology at UCSF. 


Weizmann Institute chemist Professor Zip- 
pora Shakked has been named first incum- 
bent of the Helena Rubinstein Chair in 
Structural Biology. Prof Shakked is a 
member of the Institute's Department of 
Structural Chemistry, applying X-ray 
crystallography methods to investigate 
compounds responsible for the expression 
of inherited traits. 


Professor J. MacMillan, Professor of 
Organic Chemistry in the University of 
Bristol, has been appointed as Alfred Cap- 
per Pass Professor of Organic Chemistry in 
succession to Professor Whiting, who is 
retiring. Professor Whiting will be re- 
engaged part-time, as Professor of Organic 
Chemistry. 


Dr J.D. Baum has been appointed to 
Bristol University's Chair in Child Health 
upon the retirement of Professor N.R. 
Butler at the end of July 1985. 


Dr J.P. McGeehan, Senior Lecturer in 
Communications Engineering at the 
University of Bath, has been appointed to 
Bristol University's Chair in Communica- 
tions Engineering. 


Dr J. W.B. Bradfield, Consultant Senior 
Lecturer in Pathology at the University of 
Bristol, has been appointed to Bristol 
University's Chair in Histopathology. 


Awards 

The National Science Foundation is 
offering awards to women scientists and 
engineers wishing to become visiting 
professors at US academic institutions. 
Awards may range from one academic term 
to 24 months, full or part time, with the 
usual period being one year. For terms of 
eligibility and further information write to 
Visiting Professorships for Women 
Program, National Science Foundation, 
Washington, DC 20550. 


Miscellaneous 
The University of Essex is to offer the UK's 
first MSc Course in Aerosol Science and 
Technology from October this year. The 
- one-year course will teach the theoretical 
and practical aspects of aerosol science and 
technology with specialist options in 
atmospheric chemistry and aerosols, and 
the physics of aerosols. For further 
information contact Irene Lally, 
Information Officer, University of Essex, D 
Wivenhoe Park, Colchester, Esse es 









Recent Publications for . 
Chemists апа Biochemists 
. from the Royal Society of Chemistry 


Natural Product Reports 


Approx 100 pages per issue. 
ó issues per annum 

Author and Subject index 
{cumulated annually} 


| Subscription 1985 
£125.00 ($242.00) 
Rest of World £126.00 


Мага Product Reports is a new bi-monthly 

| review journal which commenced publication In 
February 1984 Natural Product Reports deals 
exclusively with reviews of natural product 
chemistry previously covered by a number of 
books published by the Royal Society of 
Chemistry — "The Alkaloids”. “Blosynthesis", 
“Terpenolds and Steroids", and “Aliphatic and 
Related Natural Product Chemisty”, 

Publication in journal form heips to overcome the 
problem of overlap and enables reports to be 
published In a much faster time. Coverage has 
also been extended to Include such areas as 
chemotaxonomy, enzymology and biosynthetic 
aspects of blotechnology and advances In 
physical techniques used for structure 
determination. 

Each issue consists of critical reviews written by 
leading authonties of worldwide recognition. 


Recent Advances in the 
Chemistry of B-lactam 
Antibiotics | 

3rd International Symposium 
1984 ` 


ICD Мату be тас ПОП OF 
B-Lactam 


Antiblottcs 
arpion 


yee Edited by A G Brown 
and $ M Roberts 
Softcover 399pp 
ISBN 0 85186 955 6 


Price £26.50 ($48.00) 


Worldwide sales of anti-bacterial substances 


amount to ca £6,000M per annum. About 60% of . 


this figure can be allocated to ће B-lactam 
antibiotics and it can be eshmated that 
8-lactams account for about 10% of the total 
drug sales. 

Not surprisingly, therefore, mony laboratories in 
| academia and the pharmaceutical Industry are 
continuing the search for new and improved 
anti-bacterial substances based on the 8-lactam 
template. 
This book contains a series of articles which 
describe the results of research accomplished in 
recent years. 
Contents include: 
Recentstudies on the Biosynthesls of Penictilins; Do 
B-Lactam Antibiotics require a B-Lactam Ring? 
The Chemistry of Clavulanic Acid and Its 
Derivatives; The Synthesis of Biological Properties 
of Recent Cephalosporins, Structure-Activity 
Relationship Among Some Totally Synthetic 
Carbapenems 
Special Publication No. 52 (1985). 


Ordering 
Orders should be ЗЕ! to: 


Recent Advances in the 
Chemistry of insect- 
Control 


Edited by N F Janes 


Softcover 336pp 
ISBN 0 85186 965 3 


Price £26.00 ($34.00) 


This publication covers recent advances in the 
synthesis and evaluation of highly active 
compounds in pesticide chemistry such as the 
avermectins and milbemycins and a range of 
insect pheromones and antifeedants, aspects of 
structure activity relationships in insecticides, 
including pyrethrolds (where stereochemistry is 
highlighted. carbamate propesticides, and 
Juvenile hormone mimics 


- Contents: 


The Biochemical Mode of Action of Insecticides; 
Stereochemical Aspects of Pyrethroid Chemistry; 
The Avermectins; Lipophilic Insect Contro! Agents; 
Oxime Ethers; New Potent Insect Growth 
Regulators; Multidisciplinary Studies in the Design 
of New Insecticides; Some Aspects of Structure 
Activity Relationships in Pyrethroids; Synthesis and 
Biological Aclivity of 2-Indanyl Pyrethroid Esters; 
New Intermediates for the Synthesis of Pyrethroids; 
A New Type of Synthetic Pyrethrold Insecticide; 
Structure Activity Relationships of 
Methylcarbamoyloximes and Their Sulfenylated 
Derivatives. Discovery of Thiodicarb; Synthetic 
Approaches to the Avermectin Toxophore; 
Synthetic Studies towards the Avermectins and 
Milbemycins; The Application of Novel Carbanion 
Chemistry in Milbemycin Avermectin Synthesis; 
Phytochemical Resources for Pant Protection; 
Chiral Synthesis: Examples In the Pheromone Field; 
Synthesis of Some Insect Anhifeedants. 

Special Publication No 53 (1985) 


Second SCI-RSC Medicinal 
Chemistry Symposium 


Edited by J C Emmett 
Softcover 342pp 

ISBN 0 85186 395 1 
Price £24,00 ($43.00) 


There ate many new and developing oreas in the 
subject of medicinal chemistry. This book 
attempts to cater for some of the wider Interests 
of medicinal chemists and will provide not only 
Interesting reading, but also food for thought for 
those involved in active research. 

Brief Contents: 

Mediator Regulation in Cardiovascular Drug 
Therapy; The use of Computer Graphics in Drug 
Design; Blological Challenges to Organic 
Synthesls; Control of Arachidonic Acid Cascade. 
Special Publication No. 50 (1984). 


Molecular Aspects of 
Toxicology 


ТОНА 
OLOGY 


by DE. Hathway 


Hardcover 319pp 
ISBN 0 85186 068 0 


Price £27.50 ($50.00) 


Toxicology covers a wide field, which comprises 
chemical toxicology, cosmetics toxicology, 
environmental toxicology, food and drugs 
toxicology, Industrial toxicology, pesticide 
toxicology, and the toxicology of atmospheric 
pollution, and which involves acute and 
long-term testing as well as special tests for 
carcinogenicity, imation, mutagenicity and 
teratogenicity. In the testing phases, diagnoses 
are reached through the disciplines of chemical 
pathology, clinical medicine and pathology, and 
in the experimental one, explanation is sought 
tnrough chemical/biochemical and 
pharmacological methods. 

In such a fragmented fleld as toxicology with so 
many diverse practices and specialisms, it is hard 
to gain an idea of continuity. 

This book attempts to unify the subject of 
toxicology and should be useful to chemists 
engaged In molecular blology and workers 
concemed with toxicology and cancer research 
in particular, as well as to pharmacologisis and 
specialists In drug development and 
occupational hygiene and medicine In general 
Brief Contents: 

Part | Toxicity of Foreign Compounds; Part li 
Relation between Dose and Effect and Time; Part 
lli Metabolism; Part IV Pharmacogenetics, Part V 
Biochemical Lesions; Part Vi Chemical 
Carcinogenesis, Part VII Toxicant Allergy; 


Food: The Chemistry of its 
Components 


by TP Coultate 


Softcover 202pp 
ISBN 0 85186 483 X 


Price £5.95 ($11.00) 


This book gives a detailed account of tha 
chemishy ofthe principle substances of which our 
food 5 composed. Both the macro-components, 
and the micro-components, are considered. 
Throughout the book, Dr Coultate's theme Is the 
relationship between the chemical structure of a 
substance and its contribution fo the properties 
and behaviour of foodstuffs—whether observed’ 
tn the laboratory, the factory, the kitchen or the 
dining room. 


introduction, carbohydrates, lipids, proteins, 
colours, flavours, vitamins, preservatives, EEC 
numbers of food additives. Subject Index. This 
book will be of particular benefit to students and 
feachers of food sclence and related courses in 
universities, colleges of further education and 


schools. 
RSC Paperback (1984) 


The Royal Society of Chemistry Distribution Centre, Blackhorse Road, Letchworth, Herts 556 THN, UK. 
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ADAS - Agricultural Science Service 
Harpenden Laboratory 


Zoologist Y 


...to identify insects and other invertebrates associated with imported 
plant material, diagnose the presence of pests from damage symptoms, and 
give guidance to Regional Advisory Entomologists in Identification of native 
invertebrate crop pests. Frequent contact with the British Museum ` 
(Natural History) will be necessary. 

You should have a good Honours Degree specialising in invertebrate 
zoology, agricultural zoology, applied entomology or other appropriate 
subject, with post graduate experience In insect/Invertebrate identification 
or taxonomy. A special interest In a particular insect group or experience in 
crop pest diagnosis would be an advantage. 

Appointment as Scientific Officer. Ref: SB/42/AL. 





Food Science Laboratory - 
Norwich 


...to join a small team investigating the occurrence of mycotoxins іп 
processed foods, contamination of foods from plastic packaging and 
environmental contaminants in the food chain. 

You should have an honours degree in chemistry or related discipline. 
Experlence In trace analysis would be advantageous. 

Appointment as Scientific Officer. Ref: SB/65/AE 






Food Science Division - ' 
London 


...to be responsible for supervising and training a small team engaged in 
the determination of pesticide residues in food. You will be expected to 
develop and/or modify multi-residue methods and to research the 
degradation'of residues after food processing. 

You should have an honours degree or equivalent in a relevant subject. 
Experience in both capillary and packed column gas-chromotography 
would be advantageous. 

Appointment as Scientific Officer. Ref: SB/66/AE 


Food Ghemist/ 
Technologist 


...to provide advice on all aspects of the manufacture and composition 
of foods and beverages. You will assist in revising existing legislation, prepare 
papers on topics of national and International concern and identify 
information research requirements. The work involves close llaison 
with industry, Government Departments and advisory committees, 
No laboratory work is involved. 








You must have a good honours degree or equivalent in Chemistry and 
at least 2 years' post graduate experience. Relevant experience in food 
technology would be an advantage but a sound scientific training plus the 
ability to communicate at all levels are of paramount importance. 

Appointment as Higher Scientific Officer. Ref: SB/67/AE 






Fisheries Research Directorate - 
Lowestoft 


Physical 
Oceanographer 


...to work on all aspects of physical oceanography affecting the 
movement and dispersion of biological organisms and pollutants in the ' 
continental shelf seas around the British Isles. You will provide advice to the 
appropriate Divisions on oceanographic problems relating to currents and 


7 dispersion In coastal waters. 


You should havea good honours degree or equivalent In physical 
sclences or mathematics and at least 2 years’ relevant post-graduate 
experlence with proven research ability in dynamical oceanography. A 
knowledge of computer data analysis, mathematical modelling or dispersion 
measurement techniques would be an advantage. 

RELOCATION ASSISTANCE MAY BE AVAILABLE FOR THIS POST. 

Appointment as Higher Scientific Officer. Ref: SB/93/AD 


Senior Programmers 


...to be responsible for supporting and developing existing and future 
computing systems in the Directorate; the design, development and 
support of large computer applications; management of programmers and 
haison with user research sections. The laboratory uses HP1000, HP9000 
and Prime minicomputers, Apricot and Torch personal computers, and has 
RJE links to an ICL2966 mainframe. The main programming language is 
FORTRAN 77, but increasing use is being made of database packages, 
including SIR. 

HP1000 computers are currently operated on two research vessels and 
you will be expected to take part in the laboratory's cruise programme, 
spending up to 4 weeks per year at sea. 

You should have a good honours degree in an appropriate subject and at 
least 2 years' relevant post-graduate experience with knowledge of 
maintaining and operating a range of computer systems. 

Appointment as Higher Scientific Officer. Ref: SB/94/AD . 


Salaries: Scientific Officer £5905 – £8150; Higher Scientific Officer 
£7435 ~ £10,050. Up to £1300 higher in London. Starting salary according to 
qualifications and experience. SALARIES UNDER REVIEW. 

For further details and an application form (to be returned by 14 June 
1985) write to Civil Service Commission, Alencon Link, Basingstoke, Hants, 
RG21 1В, or telephone Basingstoke (0256) 468551 (answering service 
operates outside office hours). 

Please quote appropriate reference. 

The Civil Service is an equal opportunity employer 


Scientific _ 


ШШЩЩ ШШДЕ A ФА „ эъ» өз оъ оъ ШШЩЩ 
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MODEL 
CHEMISTS 


Chemical Design Limited isa » British company which specialise 
in the development of molecular modelling software. With over 
100 installations of the ChemGraf system, we consider ourselves - 
to be the leading software company. in the field. 


| We : are currently recruiting FORTRAN PROGRAMMERS 
: and SUPPORT STAFF with experience of:- 


o Numerical techniques 
@ Graphics techniques | 
. € Molecular mechanics | 
@ Quantum mechanics 
© Protein structures 
@ Customer training 
@ Chemical applications 


We offer the best salaries and бошоп for the best people. 


if you are interested in the possibility obi joining us, please write 
to our Personnel Manager at the address below. Е 
Chemical Design Limited | 
The Lodge, Botley Works, 
North Hinksey Lane, 
Oxford OX2 ONN 


T elephone Oxford (0865) 251483 


(6566)А' 
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PROFESSOR & HEAD 
Biological Sciences 
Carnegie-Mellon 
University 


%& Biochemical 
Microbiologist or Parasitologist 
for Section Leadership 
£17,000-£21,500 . Beckenham, Kent 


The Wellcome Research Laboratories is the main centre for the research activities of 
The Wellcome Foundation Ltd., a major group of pharmaceutical and chemical 
companies with headquarters in the UK and a turnover close to £800m. | 

The major objective of the Department of Biochemical Parasitology (Head: Dr. W.E. 
Gutteridge) is the discovery and development of novel drugs for the microbial and 
parasitic diseases of Man, including tropical diseases. 


The Department, of Biologica 
Sciences invites applications frorr 
qualified individuais to serve a: 
Professor and Chairperson. We 
seek an individual with ar 
established reputation in any fielc 
of biological research and an abili- 
ty to provide leadership in the con: 
tinuing growth of this department. 
We expect to appoint the suc 
cessful candidate by 30 June 198€ 
or before. 


Applications or inquiries 
should be sent to: Professo: 
W.R. McClure, Chairman, 
-| Search Committee, Carnegie. 
Mellon University, 4400 Fifth 
Ave., Pittsburgh, PA 15213. 
Carnegie-Mellon University is 
an Equal Opportunity/Affir- 
mative Action Employer. 


We now require an experienced Biochernist to lead the Department's Biochemistry (NW1765)A 
Section which presently consists of 12 post-doctoral scientists and graduate level 

technicians. In addition to the line management of the Section, you will take 

responsibility for the co-ordination of its activities with those of the Department's . ENDOCRINOLOGY 
Biology Section and with research chemists involved in programme work. You will -BIOCHEMISTRY/ 
deputise for the Head of Department when necessary and undertake personal PHYSIOLOGY 


research work pertinent to anti-infective chemotherapy, across à broad spectrum of 
human microbial and parasitic diseases. < 


The successful candidate'wili possess a Ph.D. in Biochemistry and at least 10 years’ 
post-doctoral research experience, from an academic or industrial environment, in the 
biochemistry of bacteria, fungi, protozoa or helminths, preferably in relation to 
chemotherapy. A demonstrated flair for man-management and for organising and 
leading scientific research teams, and a sound publication record are essential for this 
key position. The salary will be dependent upon experience, and excellent benefits 
include five weeks' holiday, pension fund, sick pay scheme, subsidised restaurant and 
assistance with relocation expenses where appropriate. 

Please write with full personal and career details, quoting reference- (6582)А 
number WRL/337, to: Dr. H. D. Avshu, Personnel Officer,- The . 
Wellcome Research Laboratories, Langley Court, vU Kent 

BR3 3BS. 


Postdoctoral Opportunities 


Broad range of Endocrine 
research projects: (i) isolation anc 
identification of pituitary and iunc 
peptides; (ii) physiologic and 
pharmacologic action, (iii) 
growth and control of function of 
| fetal adrenals; (iv) role of growth 
ifactors in fetal-development. 


Send curriculum vitae, biblio- 
| graphy, three letters of recom. 
mendation, and short state- 
iment regarding career goals, 
interests and experience to: 
Dr Samuel Solomon, Endo 
crine Laboratory, Roya 
Victoria Hospital, 687 Pine 
Ave. West, Montreal, Quebec 
H3A 1А1. (NW1772)A 











Wellcome 











AFRC Animal Breeding Research Organisation 


CELL BIOLOGIST 


ABRO is seeking staff to join rts expanding Molecular Biology Group in 
Edinburgh. Research objectives are to investigate the potential of new 
techniques for genome manipulation of higher animals. A key compon-» 
ent of this research will involve gene transfer into tissue culture cells and 
the examination of signals determining tissue-specific expression. 
Applications are invited from scientists with experience of cell culture 


COMMONWEALTH AGRICULTURAL BUREAUX 
The leading world agricultural information service for scientists and 
technologists . 


. SCIENTIFIC 
INFORMATION OFFICER 


atthe — 
Commonwealth Forestry Bureau 


techniques Persons familiar with procedures for establishing primary 
cell lines are especially invited to apply. 

Candidates should possess a good honours degree in cell biology ora 
related subject. For appointment at the Higher Scientific Officer level a 
minimum of two years post-graduate experience is expected. 


Candidates for recruitment at the Senior Scientific Officer level will ° 


normally be expected to possess a PhD or equivalent qualification. 
Salary will be according to qualifications and experience on the scale 
£7,435 — £10,039 (HSO). 

Applicants should submit a full curriculum vitae together with 
the names of three referees to: The Secretary, Animal Breeding 
Research Organisation, King's Buildings, West Mains Road, 
Edinburgh EH9 3JQ. 

The AFRS and the Grant-Aided Institutes of the AFRS are Equal 
Opportunities Employers. (6565ЈА 





Duties include scanning the world literature on forest products, and 
to some extent foresty in general, and preparing abstracts for the CAB 
database, mainly for publicatron in Forest Products Abstracts. 

A degree in forestry, wood science or a related subject 15 essential. Some 
preference will be given to applicants with a reading knowledge of 
French, German or Russian. 

Salary in the scales £5909 to £8153, £7435 to £10039. Starting salary 
according to qualifications and experience. 
Application form and further details can be 
obtained from: 

Commonwealth Forestry Bureau 

South Parks Road, 

Oxford OXI 3RD 

Tel: No. (0865) 57185 

Closing date for applications. 15th June 1985. 
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This post falls vacant in November 1985 оп the retirement of the 
present Director, Dr Malcolm Thain. 


' The Tropical Development and Research Institute is part of the 
Overseas Development Administration and has a staff of some 400 
which includes about 260 scientific and professional grades. It is 
financed through the British Overseas Aid Programme and has an 
important role in helping to increase food production in developing 
countries and in improving food security through post-harvest 
technology and pest and vector management. It is concerned with 
the post-harvest and pest control aspects of a range of other tropical 
products, and also carries out work for other development agencies 
such as the European Community and FAO. 
















Tropical Products Institute and the Centre for Overseas Pest 
Research, is in a period of transition and one of the new Director's 
main tasks will be to give it firm leadership during this period. Most 
of the Institute's component parts will be brought together on a new 
location within reach of London and ODA Headquarters in 1988 and 
the Director will berequired to supervise this move whilst maintaining 





Graduate 
Molecular Biologist 


An energetic graduate is required to join a team of 
molecular biologists at I.C.l. Pharmaceuticals Division 
engaged in the cloning of both natural and synthetic 
genes for pharmacologically active proteins. A good first 

. degreein brochemistry, microbiology or a related 
discipline is required along with some further research 
experience. Expertise in cloning DNA fragments into 
plasmid vectors in colony and blot hybridisation analysis 
and in nucleotide sequencing is required. Additional 
expertise in isolation of nucleic acids from mammalian 
cells and in cloning into phage vectors will be 
advantageous. The jobholder wijl use a range of 
techniques with considerable scope for their 
development and refinement towards the establishment 
of rapid and robust methods for application toa variety of 
target genes. 


In return we can ofer ascen technical and recreational 
facilities situated in pleasant parkland surroundings, 

__арочї 15 miles south of Manchester. Our salaries are 
highly competitive and generous assistance with 
relocation is available if appropriate. 


Applications quoting reference number ICP 932 and 
including a detailed су. should be addressed to: 


Kim Griffiths, Assistant Personnel Officer, 
Imperial Chemical industries PLC, 
Pharmaceuticals Division, 
Mereside, Alderley Park, 
Macclesfield, Cheshire. 


(6595)A 





‘OVERSEAS DEVELOPMENT ADMINISTRATION 
THE TROFICAL DEVELOPMENT AND RESEARCH INSTITUTE, LONDON 


DIRECTOR 


The Institute, created in 1983 by the amalgamation of the former - 


реа OVERSEAS. 
=)=% DEVELOPMENT 

























the impetus of the Institute's scientific programme. 

Candidates for the post should be of proven scientific standing, with 
experience in scientific administration and a knowledge and 
understanding of overseas development. 


The post is Grade 4 in the Home Civil Service, with a present salary 
of £26,909, currently plus a London Allowance of £1300 a year. The 
appointment will be for a period of 3-5 years. There may be the 
possibility of subsequent conversion to a permanent basis. 
Assistance with relocation expenses may be available. ' 


Applications, including a full CV and details of referees, 
should be sent to Miss L J Evans, Overseas Development ' 
Administration, Room 634, Eland House, Stag Place, London, 
SW1E БОН. The closing date for applications will be5 July; 
late applications from overseas will be considered if thereis 
time. 


An equal opportunity employer 
(6581)A ' 










INSTITUTE OF 
CANCER RESEARCH 


Applications are invited for the following positions based at Sutton, 
Surrey: — 


(1) A THREE-YEAR 
POSTDOCTORAL 
FELLOWSHIP - 


in the areas of computerised molecular modelling and drug design, 
with special reference to drug-DNA and drug-protein interactions. 
There is an active and integrated programme of experimental (X-ray, 
Chemical and Biophysical) and theoretical studies currently under 
way in several of these areas. Salary in range £7,520 — £8,920 p.a. 
plus London Allowance of £1,233 p.a. Post available from 1st 
October, 1985: Ref. 300/G/13. 


(22 A COMPUTER 
SPECIALIST 


is required for three years to provide programming and systems 
support for a number of projects involving crystallography, molecular 
graphics and molecular mechanics of DNA-drug and DNA-protein 
interactions. The successful candidate will be required to assume 
day-to-day responsibility for the Unit's computing facilities, 
comprising VAX, PDP11 and graphics A strong scientific and 
computational background in at least some of these areas is 
required, with a PhD in crystallography, molecular modelling or 
closely related areas. Salary in range £7,520 — £8,920 p.a , plus 
London Allowance pf £1,233 p.a. Post available from 1st July, 1985. 
Ref. 300/G/14. 

Applicants are advised that in the majority of the Institute's 
premises smoking is prohibited An 

Enquiries to Dr. S. Neidle (01-643 8901, ext. 268). 

Applications in duplicate with the names of two referees to 
the Personnel Officer, Institute of Cancer Research, 17A 
Onslow Gardens, rondon SW7 3AL, quoting the relevant 
reference. (6590)A 
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As a consequence of continued expansion, TRANSGENE, a 
leading genetic engineering company based in Strasbourg, 
FRANCE, has immediate openings for scientists in the following 
positions: 


: — MOLECULAR BIOLOGISTS 


with research experience in the physiology and genetic manipu- 
lation of gram negative bacteria, gram positive bacteria or yeast; 


with a strong background in the latest cDNA and genomic 
cloning techniques, to work with- a group involved in the 


expression of genes in heterologous systems. 


— IMMUNOCHEMIST 


interested in the assay, purification and final characterization of 
natural and cloned porteins using immunochemical techniques. 


— PROTEIN BIOCHEMIST . 


with practical experience of conventional LC, electrophoretic 
and HPLC techniques for purification and characterization of 
natural and cloned products. Experience with carbohydrate 
analysis an asset. 


— MICROBIOLOGIST (Gene Expression) 


with an interest in practical problem solving at the molecular 
biology, fermentation interface. 


— FERMENTATION SCIENTIST 


to work on the laboratory scale fermentation development of 
recombinant microorganisms.’ Experience in computing 'and 
computer control of fermentation processes would be an 
advantage. ' Р 


TRANSGENE is ап independent recombinant DNA research 
and development company, backed by a group of major-French 
industrial and financial organizations. 


À | ; 
Interested candidates are invited to submit, in confidence, a full, 


curriculum vitae, a list of publications and the names and 
addresses of three referees to: 


Dr. J.P. LECOCO 
Scientific Director 
11, rue de Molsheim 
67000 STRASBOURG 
FRANCE 


Tel: (88) 22.24.90 
ydus: (W1872A 


THE ZOOLOGICAL SOCIETY OF LONDON 


Institute of Zoology 


POSTDOCTORAL RESEARCH ASSISTANT required to join col- 
laborative project on the control of follicular development and ovula- 
tion in primates, based at the Institute of Zoology and the institute of 
Obstetrics & Gynaecology, Hammersmith. Knowledge óf reproductive 
endocrinology or biochemistry and experience in RIA and cell culture 
techniques essential 
The appontment, MRC-funded and within the MRC/AFRC Comparative 
Physiology Research Group, is for three years and salary will be at ap- 
propriate point of the Society's salary scales (similar to University of 
London) according to age and experience 
Please apply in writing with c.v. and addresses of two referees 
(enclosing s.a.e.) to the Establishment Officer, Zoological Society 
of London, Regent's Park, London, NW1 4RY, to arrive before 
June 15th 1985. 

(6541)A 
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Genetics International (UK) Inc. 


We are a rapidly expanding high Technology Health Care Company 
involved in the development and manufacture of innovative diagnostic 
systems. We are currently establishing our Quality Control function and 
we wish to fill the following positions. 


Senior Ouality Control Technician 


. Responsible for,the contro! of high volume product and process together 
with the introduction of Q.C. techniques and methodologies. This 
person will also assist in the daily running of the Q.C. facility and should 
be educated to BSc or PhD level in Chemistry/Biochemistry or a related 
discipline. Previous experience of similar Q.C. work with chemical and/or 
immunodiagnostic systems (RIA, EIA/ELISA) in the Health Care 
industry advantageous. 


Й 


Quality Control Technician — Materials 


Responsible for 'the control of raw materials and components and 
required to organise and run the Manufacturing stock control/inventory 
systems for received, in-process and finished goods Qualified to HNC 
level and ideally with experience of similar areas of responsibility in a 
manufacturing environment 


Й 


Quality Control Technicians — Process 


Responsible for the analysis of critical materials and for the control of 
high volume in-process and fi ы goods using instrument techniques - 
(HPhC, u.v., ir.) 


Educated to BSc level or equivalent in Chemistry/ Biochemistry ora 
related discipline, previous experience of Chemical and/or immuno- ` 
diagnostic systems (RIA, EIA/ELISA) in a Q.C./Manufacturing 
environment advantageous. 


We are an equal opportunities employer and seek to recruit people for 
these posts who demonstrate a high degree of initiative, enthusiasm 
and flexibility with attention to detail. We offer a highly competitive 


~salary and benefits package with real opportunity for career 


development. Opportunity also exists for participation in the Company 
Executive Stock Option Scheme. 


If you wish to apply for any of these positions please send a letter 
of application with a full CV and 2 Referees, specifying which 
position you are interested in to: 


Ms F. Minal, 


Company Secretary, x 

G.I. (UK ) Inc., 

11 Nuffield Way, 

Ashville Trading Estate, 

Abingdon, 

Oxon. OX14 1RL. (6608)A 
ICI JOINT LABORATORY The appointee will assist in 

UNIVERSITY OF LEICESTER project ae е application ‹ 

RESEARCH TECHNICIAN molecular biological techniques t 


Applications are invited for a post of 
Research Technician (Grade 3) avail- 
able in the Leicester/ICI Joint 
Laboratory. 


The Joint Laboratory provides an 
excellent. environment for funda- 
mental research in molecular genetics 
and its staff interact fully with other 
groups in Biological and Medical 
Sciences at Leicester and within the 
sponsoring company. The funding of 
the laboratory is guaranteed until 
September 1988 and its extension is 
subject to periodic review. 


the study of breast cancer. Previo 
experience of recombinant DN. 
and/or cell techniques is desirab 
but not essential. 


The post will be for three years, at 
salary of £5m399 to £6,325 p 
annum. 


Applications, including a cu 
riculum vitae and the name of tw 
referees, should be sent to Hele 
George, ICI Joint Laboratory, Un 
versity of Leicester, University Roa 
Leicester LE1 7RH. (6577)А 
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UNIVERSITY OF OXFORD 
NEW BLOOD 
UNIVERSITY 

LECTURESHIP IN 
HIGH ENERGY | 
ASTROPHYSICS 


Applications are invited for anew 

blood University. Lectureship in 

High Energy Astrophysics and 

related areas tenable from 1 Oc- 

tober 1985. This lectureship may 

be held in conjuction with a 

fellowship only. It is hoped that a 

fellowship at another college may | 
be available in due course if a man 

is appointed. 

Further particulars may be ob- 

tained from Professor D.E. 

Blackwell, Department of 

Astrophysics, South Parks 

Road, Oxford OX1 3RQ (Tel: 

0865-511336/7) to whom ap- 

plications (eight typed copies 

or one from overseas ap-, 
plicants) should be sent by 15 


Senior 
Pathologist | 


Internationally respected as a leading name in the field 
of ethical pharmaceuticals, Smith Kline & French operates 
interisive and innovative research programmes. This is an 

' opportunity for a man or woman with ambition, initiative, 
flair and drive to make a significant contribution to our 
programmes. А 

We are looking for a person whose experience of the 
pathology of laboratory animals is coupled with academic 
ability and an interest in investigative pathology. 

A veterinary or medical graduate and/or an appropriate 
research background is desirable. The person should be 
eligible for MRC Path. 

There is considerable scope, the position will be styled 
to match individual abilities and experience, and research 
in applied areas will be encouraged. It is a challenge which 
could interest both experienced pathologists wishing to 
expand their fields of involvement and also those with a 
background in experimental pathology and want to 
enhance their career potential by participating in an 
expanding department. 

There is an attractive salary and benefits include 
a company car, free BUPA, bonus plan, contributory 
pension scheme, free life insurance and flexible 
working arrangements. 

Please write for an application form or send a detailed 
cv. outlining qualifications and experience, quoting 
Ref N/122/JW to Tom Forster, Personnel Manager, 

Smith Kline & French Research Limited, 
The Frythe, Welwyn, Herts. 





POSTDOCTROAL 
POSITION 
available to study transmembrane 
signaling in Dictyostelium. Current 
work is focused on the role of 
cAMP-induced phosphorylation of 
surface cAMP receptors in sen- 
sory adapation Applicants should 
have experience in biochemistry, 
cell biology, or genetics. 
Send curriculum vitae and 
names of three references to: 
Dr. Peter Devreotes, Depart- 
ment of Biological Chemistry, 
John Hopkins University, 
School of Medicine, 
Baltimore, Maryland 21205. 
(NW1766)A 


A POSTDOCTORAL 
POSITION 


is available immediately to study 
functional role of insulin in the 
brain at the cellular level with Drs. 
DW Clarke and MK Raizada. 
Experience in cell culture and bio- 
chemical techniques is desirable. 
Experience with immunocyto- 
chemistry would be helpful. ` PES 
Contact: Dr. Mohan K. (6546)А 
Raizada, Dept. of Physiology, 
Box J-274, Univ. of Florida, 
Gainesville, FL 32610 or tele- 
phone (904) 392-3791. 
(NW1782)A 


axon healthcare 


Axon Healthcare will shortly have vacancies for the following: 


IMMUNOHISTOPATHOLOGIST 
HISTOLOGY ASSISTANT 
IMMUNOCHEMIST 


` DIRECTOR 
LABORATORY OF NEUROBIOLOGY 
MEDICAL SCIENCES CAMPUS 
UNIVERSITY OF PUERTO RICO 


Dr José del Castillo is retiring from administrative responsibilities as 
Director of the Laboratory o Neurobiology of the Medical Sciences 
Campus of the University of Puerto Rico. Candidates for this position 
are therefore being solicited. The Laboratory was established in 1967 as 
an interdisciplinary, interdepartmental research facility with access to 
the rich and varied local fauna, both terrestial and marine. It has a 
distinguished history of productivity and of attracting visiting scientists 


IMMUNOCHEMISTRY ASSISTANT 
ASSAY ASSISTANT from throughout the world. There are excellent opportunities f 

TISSUE CULTURE SPECIALIST Man EOD Uns qur gre кы 
- TISSUE CULTURE ASSISTANT - appointment in an appropriate academic department of the School of 


cine. Candidates should send their Curriculum Vitae and the 


Formal applications, accompanied by a curriculum vitae, should names of at feast three references to: Search Committee, 


be addressed to Dr. S. J. Starkie, Axon Healthcare, Denny End, 
Waterbeach, Cambs. Further information and job descriptions 
may be obtained from Mrs S. Imms or Mrs B. Sennitt оп (0223) 
861224 or + 44 223 861224. Previous applicants are encouraged to 
apply again. . ' . (6465)А 


Laboratory of Neurobiology, 201 Boulevard del Valle, S ў 
Puerto Rico 00901. зү a ап ушп 
The Search Committee will begin evaluating applications on August 1, 


1985. The University of Puerto Rico is an Equal Opportunity/ 
Affirmative Action ауе ч AEYN 
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| UNIVERSITY- OF 

MANCHESTER : 

DEPARTMENT OF BOTANY 

. TWO RESEARCH ^ 

z ASSISTANTS (IA) 
Applications are invited for the abi 
posts in connection with an EEC gr. 
to study (i) regulation of internc 
elongation and development, and 
submergence-tolerance of the pho 
synthetic apparatus, in deepwater ri 
This crop is particularly í importani 
such areas Thailand a 
Bangladesh where flooding can ra 
th water level by 2-5m. 


| Posti. (To work with Professor E 

Cutter and. Dr W A Charlton) 
OR € : N IC AL : : Developmental botanistto work 
А the mode of rapid elongation of 


internodes, its regulation, and the 
- sponses of ‘nodal regions to grav: 
with expert training in clinical pharmacology - (internal medicine; 
pharmacology), and an interest in working in research. -- 


Experience of light and electi 
This interesting field of work includes. the planning, ВС. “and 
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The Clinical Pharmacology group of theDepartment of Clinical Research is 
responsible for i investigation of the priamiecndynanes and praimacokipenes 
of new drugs i in humans.’ LL TE a з . 


To expand our ur team, we are looking for а, 


microscopy, and/or hormonal tre 
ments and extractions, would be 
advantage. 


Post 2. (To work with Dr M J Em 


Plant physiologist to look at 
stability of the photosynthetic ap; 


evaluation of clinical pharmacology s studies of research | compoundsi in phases | 


— Iv. 


Pre-requisites are a knowisdge of the (hiethüda of assessing drug effects i in 
man, and/or Рлаппевоктевех, аѕ well as a good command of English and 


possibly German. ` í 


Interested applicants are’ requested 4o ‘send: comete ‘application, 
documentation to our Personnel Department, quoting. rererence 


Nature 74/85. 


F. Hoffmann-La Roche & Co. Limited Company, cH - 4002 Basle 





THE DEPARTMENT OF LAND, AIR AND 
WATER RESOURCES, 
UNIVERSITY OF CALIFORNIA, DAVIS - 


announces a position in the area of Soil Science/Plant Nutrition. 


Tenure track (11 mos. plus 1 mo. paid vacation) position will be divided | 


30% teaching and 70% research: Appointment will be at the Assistant 

. Professor level. ` 

: QUALIFICATIONS: A Ph.D. ina field related to вой о or plant science 
with specialization in mineral nutrition, and strength in mathematics, 


' physics and chemistry. The appointee will develop research on the root- ' 


Soil interface, involving experimental study and quantitative modeling 
of chemical and biological processes associated with ion uptake and. 


solute transport. Depending on the- -appointee's interests, the basic ' 


research might. be slanted toward a particular application such as 
nutrient efficiency, stress tolerance, pollutant behavior, soil 
acidification, symbioses, or. control of rhizosphere microbes. The 


appointee wili take part with other faculty in teaching courses in soil. 


science and plant nutrition, advising responsibilities and will develop : a 
graduate course in rhizosphere chemistry and biology. ` p 
APPLICATIONS: Applicants should submit curriculum vitae, 
statements of interests and background in research and in 
teaching, official undergraduate and. graduate transcripts, 
copies of publications and current manuscripts, and names and 
addresses of at least three references. Send materials to. Dr. D. 
N. Munns, Chair, Plant Nutritionist Search Committee; 
Department of Land, Air and Water Resources, Hoagland Hali, 


University of California, Davis, California 95616, no later than. 


June 13, 1985. Position becomes available July 1, 1985. 


THE UNIVERSITY OF CALIFORNIA IS AN ‘AFFIRMATIVE 
ACTION/EQUAL OPPORTUNITY EMPLOYER. (NW1771)A 7 





ratus. following leaf submergen 
Candidates should preferably hi 
some: experience in measuring ! 
fluorenscence induction kinet 
and/or infra red gas analysis. 


- Both appointments will be on 

IA scale (range £7,520 — - £8 ,920) « 
will be for a period. ‘of 2 ye 
beginriing July Ist, 1985 or as soor 
possible ‘thereafter, Candida 
: currently’ completing a ‘PhD are: 
a,» a ‘couraged to apply. 


Applications to include full CV: 
the names and addresses of t 
‘referees Should be sent to eit 
Professor. E С Cutter ог Dr, V 
Emes,. Department of: Botany, 1 
University, Manchester M13 9PL, 
later than June7th. ^ (6572)4 


` 
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DEVELOPMENTAL BIOLOGIST. 
CORNELL UNIVERSITY. MEDICÁL COLLEGE 
- Applications are invited for'a senior or junior tenure-track faculty posi- 
tion Applicants should have at least two years of postdoctoral ex- 
perience and maintain a research program-in early development or mor- 
‚ phogenesis; using ‘genetic, ‘recombinant DNA, biochemical, im- 
- munological, and/or cell biological tools to explore mechanisms'of pat-. 
tern specification- and determination. in a vertebrate or invertebrate 
' system. The position includes Supervision of graduate students snd: 
' teaching їп. а related area. 1 


Send curriculum vitae, research summary, i and three letters of 
reference to: Dr. Rosemary Bachvarova, Developmental Search 
. Committee, Department of Cell Biológy and Anatomy, Corneli 
-- University ‘Medical College, “1300 York Avenue,, New York, 
: МҮ10021. Ап Equal fel hata ате Action Employer. 
ee 

















POSTIONS OPEN ·, 
. MOLECULAR BIOLOGIST . 


"eost actori fellow in second or third year of training. With experience 
: in DNA sequencing or transcription to apply toward thé elucidation of 
,the structure and function of fragile sites and their relation to specific 
cancer chromosomal. rearrangements. , Salary approximately $20,000 
per year, commiensurate with experience. Please submit curriculum 
- vitae, three references, and a brief description of, present and 
future research interests to: Dr. Jorge J. Yunis, Dept. of 
Laboratory Medicine and Pathology, Box 198 Mayo Memorial 
Building, University o of Minnesota Medical: School, Minneapolis, 
Minn: 155455, U.S.A. р (NW1778)A | 
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THE AUSTRALIAN NATIONAL UNIVERSITY 
Applications are invited from suitably qualified men and women for 
appointment to the following positions: 


Research School of Earth Sciences 
POSTDOCTORAL FELLOW/RESEARCH FELLOW/ 
SENIOR RESEARCH FELLOW 
NOBLE GAS GEOCHEMISTRY 


Applications aré invited for an appointment in the School's 
Geochronology and Isotope Geochemistry Group, the fteld of interest 
being noble-gas geochemistry The appointee will work with Dr lan 
McDougall, Senior Fellow, in developing research in this field, which is 
new to the School. The School wishes to make the appointment at the 
Research Fellow level, but will be prepared to consider applications at 
the level PDF or SRF 

Noble gas investigations are being initiated to assist in elucidation of the 
geochemical evolution of the mantle, the mantle-crust system, and the 
atmosphere. Research initially will concentrate on mantle-derived 
rocks, with subsequent development of studies on fluids in the crustal 
environment Provision of a suitable high-resolution gas-source mass 
spectrometer is in hand, and construction of appropriate extraction 
lines is planned 

Persons with suitable backgrounds in the physical sciences, and with 
particular interests in geochemistry, are encouraged to apply. 
Experience in noble gas studies on geological samples would be a great 
advantage. 


The appointee will assist in developing the laboratory facilities, and will 
be expected to undertake discrete projects within this broad field of 
study. Active collaboration with other workers in isotope geochemistry 
is envisaged. Enquiries may be directed to Dr! McDougall (062 49 4136). 


Closing date: 14 June 1985. Ref. ES/1.5 1 


Faculty of Science 
DEPARTMENT OF ZOOLOGY 
POSTDOCTORAL FELLOW 

The successful applicant will work on a NH & MRC funded project 
involving gene cloning of sheep parasites particularly larval tapeworms 
and liver fluke Particular interest will be centred on those genes which 
code for antigens that are involved either in resistance to reinfection or 
immunopathological phenomina A principal objective will be to obtain 
expression of these antigens in prokaryotic systems. Experience in gene 
cloning techniques is essential and some knowledge of immunological 
procedures would be highly desirable. The successful applicant will 
work in the Centre for Recombinant DNA Research, Research School 
of Biological Sciences (Executive Director’ Professor J A Pateman 
FRS). The position is funded for 3 years. Previous applicants need not 
reapply as all applications will be considered. 


Further information ts available from Dr M J Howell, (062) 49 3060 or 
(062) 49 4225 

Closing date: 15 July 1985. Ref: FS/1 5.1 

CONDITIONS OF APPOINTMENT. Salary will be in accordance with 
qualifications and experience within the range: Postdoctoral Fellow 
$A21,411-$24,528 pa; Research Fellow $A24,840-$32,634 pa; Senior 
Research Fellow $A34,699-$41,390 pa Current exchange rate is 
$A1 00= Stg 0.48. 

Grants are provided towards travel and removal, though special 
conditions may apply to persons appointed to externally funded 
positions. Assistance towards housing is given to an appointee from 
outside Canberra. Eligible appointees will be required to join the Super- 
annuation Scheme for Australian Universities. Maternity leave is 
available. The University reserves the right not to make an appointment 
or to make an appointment by invitation at any time Applicants 
should quote the advertisement reference when requesting 
further particulars and when submitting applications, which 
should be sent to the Acting Registrar of the University, GPO 
Box 4, Canberra, ACT 2601, Australia. General Information also 
available from the Secretary General, Association of Common- 
wealth Universities (Appts) 36 Gordon Square, London WC1H 


PF. 
THE UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1880)A 





MEDICAL RESEARCH COUNCIL 


Clinical and Population Cytogenetics Unit 
Edingburgh 


POSTDOCTORAL POSITION 


Connective Tissue Development 


A 2-year position is available for studying collagen-proteoglycan interac- 
tions in the morphogenesis of the амап corneal stroma The research 
involves connective tissue biochemistry and electron microscopy. 

Further details from Dr J Bard, MRC Unit, Western General 
Hospital, Edinburgh EH4 2XU, UK. (6550)A 
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COMMONWEALTH AGRICULTURAL BUREAUX 


Applications are invited for the following posts 


DIRECTOR 


COMMONWEALTH INSTITUTE OF BIOLOGICAL CONTROL 


The Commonwealth Institute of Biological Control, backed by the CAB 
Information and Identification Services, provides a world service in 
biological! control, giving advice, disseminating information and 
undertaking research and development projects for sponsors. Although 
best known for the control of insects and weeds by introduced beneficial 
insects, its work on the use of microbial agents and the control of other 
pest organisms by biotic agents is expanding. 

It is also collaboratir.g in the development of integrated crop protection 
with emphasis on biological control. Its research programme is carried 
out, much of it from strategically situated fteld stations in Europe, tropical 
America, Africa and tropical Asta, controlled by a headquarters group 
at Imperial College, Silwood Park, Ascot, Berks 

The appointed officer will be stationed at either Silwood Park or at 
CAB Headquarters and will be responsible to the Director Scientific 
Services. 


Duties 

The Director will prcmote the Institute's activities, actively seeking 
research contracts and developing a network of callaborators worldwide. 
He/She will be an authority on biological control of international 
standing who will provide scientific leadership and develop the 
Headquarters group as a centre of excellence. They will also have 
responsibility for developing the training activities and publications of 
the Institute. The latter mclude Biocontrol News and Information, books 
and data banks 


Qualifications 

Candidates should have a background of research in biological control 
with a good publication record, extensive knowledge of pest control 
in developing countries, experience in research administration and an 
ability communicate with people from diverse backgrounds. 


Salary 
The salary will be in the scale £20,013 — £22,283 


DIRECTOR 


COMMONWEALTH INSTITUTE OF ENTOMOLOGY 


The Commonwealth Institute of Entomology is a constituent Institute 

of the Commonwealth Agricultural Bureaux located at the British 

Museum (Natural History), where a team of specialists are involved in 

insect indentification and taxonomic research, and at b6 Queen's Gate, 

South Kensington, London, which houses the publications office and 

library. After centralisation of the CAB Information Service, currently 

being planned, the Institute will operate mainly from the British Museum 

(Natural History) 

The main functions of the Institute are. 

(1) To provide an authoritative and efficient world service for the 
identification of insects and mites of economic imporance to 
agriculture (including forestry and other related disciplines) and make 
the information available through its publications and otherwise. 

(2) To conduct research on applied taxonomy relevant to the 
identification services. 

(3) To undertake training in taxonomy and identification. 

(4) To provide information on the nomenclature, biology, distribution, 
host ranges and status of pest species and of their associated 
predator/parasitoid complexes 


Duties 

The Director will be a working taxonomist and will be responsible 
for day-to-day running of the Institute and for promoting its activities 
under the general direction of the Director Scientific Services. 
He/She will keep in close touch with entomological research 
organisations in the UK and overseas. 


Qualifications 

Candidates should have a higher degree in Entomology, a wide 
knowledge of applied entomology, knowledge of current 
entomological research and entomological taxonomy as well as 
experience in administration. 


Salary 
The salary will be in the scale £16,229 — £18,333 plus Inner London 
Weighting of £1,300 p.a. 


Further particulars of these posts are available from: 
Director of Administration Services 
Commonwealth Agricultural Bureaux 
Farnham House 
Farnham Royal 
SLOUGH S12 3BN, UK. 

to whom applications, enclosing a curriculum 

vitae and naming three referees, should be 

submitted not /ater than June 10th, 1985. 

(6603)А 
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International Crops Research 
Institute for Semi-Arid Tropics : 
| (ICRISAT)- 


needs 


è PLANT PATHOLOGIST 
ICRISAT at Bulawayo, Zimbabwe 
(Southern Africa) 


To work in a multidisciplinary team for sorghum and pearl millet im; 
provement in nine Southern African Development Coordination Con- 
ference (SADCC) countries. The position will require: developmient of 
disease resistance; work with national sorghum and millet programs . 
to develop their own effective capability to deal with disease problems 
on a continuing basis; and keep a constant vigilance, in a collaboration 
with national programs, for shifts in disease problems, particularly 
susceptibilities of promising breeding lines. Candidates must be able 
to furnish leadership for the establishment of productive research and 
training linkages with all SADCC countries and work.closely with the 
regional, multidisciplinary team. 


Qualifications. Ph.D. in Plant Pathology with sound knowledge and ex-. 
perience of disease resistance and field experimentation, and should , 
be willing to travel frequently and conduct research in the sorghum апа 
millet areas of southern Africa. Excellent command of English is required 
Tropical agricultural experience and a wórking knowledges of Portuguese 
would be an advantage 


Salary for the position is at the principal staff level, according to qualifica- И 
tions and experience. The position is contractural with initial 2-year ap- 
pointment and attractive fringe benefits The post is in Bulawayo, Zim- 
babwe, a modern city with pleasant surroundings, excellent educational 
facilities, good medical facilities, and frequent transportation service. 
Position is one of an eight-member team being assembled for sorghum : 
and millet improvement. 


Send resume and names and addresses of three referees within 
30 days from the date of advertisement to the Director General, 
ICRISAT Patancheru, P.O. Andhra Pradesh 502 324, India. ` 


(W1870)A 


CORNELL UNIVERSITY 
Department of Medicine (Div. of Immunology) 
New York, N.Y. ` 


POSTDOCTORAL RESEARCH POSITION : 


(3 yr Appointment) available July 1, 1985 


This position is for а Ph.D.,or an M.D. with research experience in - 
инр оору. The research involves human lymphocyte membrane ~ 
receptors such as the T cell antigen receptor. The successful candidate 
will be expected to develop into an independent investigator. The 
position is not associated with any, XR or teaching responsibiities. 
he yearly salary will be a approx. $20 
Send CV and letter of support чо: "David М. ‘Posnett, M. D.; 
Assistant Professor, Division of Allergy/Immunology, E 
Department of Medicine, Cornwell University Medical Center, 
1300 York Avenue, New York, NY 10021. 
CORNELL UNIVERSITY 15 AN EQUAL OPPORTUNITY; = 
AFFIRMATIVE ACTION EMPLOYER. (NW1768)A : 





SUNDERLAND POLYTECHNIC 

Department of Biology 
RESEARCH ASSISTANT IN VIROLOGY - 
Salary: £5181 - £5910 (under review) ` * 


Applications are invited for the above 3 year post to study the virology 
and inimunology of astroviruses and enteric adenoviruses. 


Candidates should possess, or expect to obtain, a first or upper second 


class honours degree i in microbiology or closely related discipline, and: 
have some experience of virology and cell culture. The appointee will be 
registered with CNAA for a higher degree. 


An application form and further particulars may be obtained 
from Personnel Officer, Sunderland Polytechnic, Langham 
Tower, Ryhope Road, Sunderland, SR2 7EE or telephone 10783) 
76231 Ext. 11. 


"Closing date: 14 June 1985, (6578)A 





















THE NATIONAL HELLENIC RESEARCH FOUNDATION 


the Institute of ышыгы Research of the National Hellenic ' 
Research Foundation seeks personnel for the following positions: 
— One senior scientist to head a group of Genetic engineering — 
_ Molecular Biology of eukaryotes-Microbial genetics E 
. — Two research associates to participate in the above group 
— One research associate specialized in Cell Biology-Cytogenetics 
— One research associate specialized in fluorescence and NMR © 
spectroscopy in biological systems 
— Oné research associate specialized in enzyme technology- 
Biotechnology 
All candidates should hold a PhD and bà greek citizens. 
Full c.v. with publications and addresses of at least two 
persons for references should be addressed to. Mrs. D. 
Stefanou, Secretary, Institute of Biological Research, NHRF, 


Vassileos Constantinou 48, Athens, Greece, not later than 
June 15. (W1849)A 
















LONDON SCHOOL OF HYGIENE AND 
' TROPICAL MEDICINE  : 
| Wolfson Unit 


MOLECULAR BIOLOGIST 


. An additional molecular biologist is required to join a growing research 
team working on the molecular biology of protozoan and viral agents of 
human disease. There will be an opportunity to develop personal 
research interests. Salary, on apptopriate scales, and conditions of 
appointment are negotiable according to experience and age. 


Candidates should send full curriculum vitae, naming three 
professional referees and describing research interests, to the 
Personnel Officer, London School of Hygiene and Tropical 
Medicine, Keppel Street, London WC1E 7HT. CLOSING DATE 10 
June 1985. (6593]A 





MEDICAL RESEARCH COUNCIL 
.BRAIN METABOLISM UNIT, EDINBURGH 


CLINICAL SCIENTIST AT CONSULTANT LEVEL 


Applications are invited for a CAREER CLINICAL SCIENTIST post with 

"the Medical Research Council. The post is tenable at this Unit in the first 
instance. The successful applcant will be an appropriately qualified 
psychiatrist who has an outstanding backgrond in psychiatric research 
and has demonstrated the capacity od leading a major programme of 
clinical research with special emphasis on psychoneuroendocrinology 
and/or psychopharmacology. An honorary consultant contract will be 
sought on behalf of the successful applicant whose clinical duties will 
include responsibilities for the in-patient unit and routine outpatients 
and emergency duties 


The clinical staff of the Unit include 3 other clinical scientists and 1 
, registrar with facilities on a self-contained Metabolic Ward of 9 beds 
with access.to a further 8 beds in a general psychiatric area of the 
hospital. The Metabolic Ward is directly linked with the clinical offices | 
and the clinical research suite of the-Unit which are housed in a new | 
building at the Royal Edinburgh Hospital The unit pursues an 
integrated programme: of research in clinical and experimental 
neuroendocrinology, psychoneuroendocrínology, psychopharma- 
cology and nueropharmacology, and has close links with the 
Departments of rhemenoiogy and Psychiatry in the University of 
Edinburgh. 

7 The salary will be in ‘the range £20, 200 — - £26, 080 (Medical Research 
Council Consultant Grade), . 
Applications (6 copies), including a detailed curriculum vitae, 
list of publications and the names of 3 professional referees, | 
' should be lodged no later than June 7th, 1985 with the Director, 
Professor G. Fink, MRC Brain Metabolism Unit, University De- ' 
partment of Pharmacology, 1 George Square, Edinburgh EH8 
9JZ, from whom further details about the- post may also be ` 
"obtained. Applicants should include a statement, of about 1,000 
words in length, explaining the research programme s A ud 
would wish to carry out if appointed. . 29)А 
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^. The Biomedical Research Centre 
University of British Columbia — 
Vancouver | 


Scientific Director 


This new research institute established jointly by The 
Wellcome Foundation Limited, one of the world’s major phar- 
maceutical companies and the Terry Fox Medical Research 
Foundation, a Canadian charity, will be sited on the campus of 
the University of British Columbia, Vancouver. The primary 
focus of its work will be the role of biologically active proteins 
in the control of cell growth, division and differentiation, with 
special reference to their evaluation as potential medicinal 
substances. . 


The Centre will be closely associated with the University 
Health Sciences Centre Hospital providing the opportunity to 
extend the results of basic scientific research to practical 
application. There will also be access to a pilot fermentation 
plant and interaction with University programmes will be 
encouraged, 


The Scientific Director will be accountable for the effective 
utilisation of this custom-built, 35,000 sq.ft. facility, in the 
fields of sclentific research. Leading a team of up to 100 
people, with start up funds of Canadian $23m over 5 years, 





RESEARCH CENTER DIRECTOR 


Applications and nominations are invited for a Director, 
Center for Atmospheric and Biospheric Effects of 
Combustion, located in the Applied Science Division. The 
scope of the Center is interdisciplinary and includes four 
major areas: Combustion and Abatement, Atmospheric 
Pathways and Chemistry, Radiative Balance, and 
Ecosystem Pathways and Effects. The Director will 
coordinate the efforts of a number of scientists, including 
chemists, physicists, engineers, biologists, geologists, 
meteorologists, and energy analysts to carry out the 
objectives of the Center; will be responsible for obtaining 
research support from governmental and non-governmental 
organizations; will represent the Laboratory at various 
related national and international meetings; and will also 
carry out research within the Center. This position requires a 
Ph.D., and arecord of distinguished leadership, outstanding 
research accomplishments and an international reputation in 
one or more of the above areas. Experience and background 
in program .planning, development, implementation, 
administration and evaluation is required. The incumbent 
should also have experience in obtaining research funds and 
have a familiarity with organizations that provide these 
research funds. Salary will be negotiable. The successful 
candidate will be appointed a Senior Staff Scientist at the 
Lawrence Berkeley Laboratory. 


Applications and/or nominations should be forwarded 
to: Lawrence Berkeley Laboratory, One Cyclotron 
Road, Employment Office 90-1042, Berkeley, CA 94720. 
Please specify Job A/3330. An Equal Opportunity 
Employer M/F/H. (NW1777)A 


LAWRENCE 
BERKELEY 
LABORATORY 


he/she will be responsible for establishing the Centre as a 
unique venture of international standing. | 


. 


Candidates must have a record of scientific achievement of a 
quality which will attract scientists of the highest calibre to the 
Centre. Experience in an area of cell or molecular biology is 
essential and a medical qualification would be an advantage. 
A proven ability to direct or manage in an entrepreneurial 
environment and a commitment to a practical approach to 
sclence will be equally important. p 


Salary and other benefits will be negotiable and commen- 
surate with the key nature of the post. 


The appointment will be made in accordance with Canadian 
immigration requirements and equal opportunities will be 
given to male and female applicants. 


Applications or nominations are invited by 31st July 1985 
and should be forwarded to The Terry Fox Medical 
Research Foundation, Suites No. 1130-1176, West Georgia 
Street, Vancouver, British Columbia V6E 4A2, Canada, from 
where further particulars can be obtained. — (NW1784)A 
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The SANDOZ Agrotoxicology Facility, Basel, Switzerland 


invites applications for a 


SENIOR 
TOXICOLOGIST - 








The person appointed will, as head of the long-term toxicity 
group, be responsible to the Director of the Laboratory for the 
planning, supervision, evaluation and reporting of chronic tox- 
icity studies with newly developed agricultural chemicals. 


Applicants should hold a first degree in toxicology, medicine, 
or veterinary sciences. Broad experience in experimental tox- 
icology is considered essential. 


Applicants are requested to send a full c.v. including a 
list of publications as well as the names and addresses 
of two persons to whom reference may be made. 
Please write to: 


SANDOZ 


Sadoz Ltd., Personnel Department, Ref. 8546 CH-4002 
Basel, Switzerland. 


(W1868)A 
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Behavioural 
Pharmacologist 


witha 
to the development of new drugs in a number of 
therapeutic areas. 


established 

central nervous system 
айй oe ib two year relevant post- doctora experience. 
ten ada pet 


Telephone: 0793 24411. Closing date: 21 June 1985. 


VIRGINIA INSTITUTE OF MARINE SCIENCE 
FISHERIES CRUSTACEAN BIOLOGIST 


Applications are invited (оар а tenure rack faculty position in fisherles 
cista cean bic iane pil aan or associate 


professo Берат of Fisheries Science, School of 
arme i МБ llege raf Улшат, and Y at Gloucester 

, Virginia. Candidates t have a Ph D. in manne 
oceanography or fmhenes 8 ec tanco "Ex onence is required in 
crustacean biology, statistics and marine field ecology 


The incumbent will be to develop and supervise a research 

program on crustacean Biology ology with with viel l emphams on blue crab 

roca, aou tribu eee toca wil also 
supervise danog pnd monitonn collec 

data on ree crab abundance ane ny program Addinonally, the 

incumbent will develop an ө cological program 

crustaceans, including their role in Chesapeake Bay lsh food oie 


VIMS serves as the mandated scientific advisory institution to state and 

regional fisheries management a: es, and as such the Incumbent 
would be called upon periodically to serve on committees or advise 
such agencies 


ө position, in the School of Marine Science, includes contributing to 
the academic program in the conduct of formal course offenngs and 
direction of graduate student programs and research. 


Prior to 1 July 1985, applicants should submit a vitae, statement 

of research interests, and the m and addresses of three 

references to: Herbert M. Austin, Chairman, Search 
Committee, VIMS, Gloucester Polnt, Virginla 23062. 


An EEO/AA Employer. Minonties and women are encouraged to apply. 
aiid RY 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF BIOCHEMISTRY 
AND UNIT OF 
MOLECULAR GENETICS 
COORDINATED 
PROGRAMME IN PROTEIN 
ENGINEERING 


The SERC Biotechnology Directorate 
and several ındustrial sponsors have 
recently established an initiative to 
stimulate research in protein 
engineering Bristol, which is one of 
the small number of centres chosen 
for this coordinated programme, will 
concentrate on the use of phospho- 
glycerate kinase as a test bed system 
for the analysis and exploitation of the 
factors affecting protem thermal 
stability. 


Applications are invited for TWO 
posts, both of post-doctoral (Research 
Assistant 1А) status: 


1 A Molecular Biologist, preferably 
with some cloning and/or MI3 
sequencing experience. 


2. A Crystallographer, preferably 
with some experience of protein 
stucture determination and/or com- 
puter graphics. 


Both positions are intially tenable 
for three years with starting salaries 
їп the range of £7,520 — £8,920 p.a 
according to age and experience 


Applications including curnculum 
vitae and the names of two referees 
should be sent to Dr L Hall (Molec- 
ular Biology post) or Dr H C Watson 
(Protein Crystallography post), at the 
Department of Biochemistry, Univer- 
sity of Bristol, Medical School, 
Bristol, UK, BS8 ITD. To arrive not 
later than June 24th 1985 (6558)A 





UNIVERSITY OF 
SOUTHAMTPON 


Human Nutrition 
NEW BLOOD LECTURESHIP 


Applications are invited for a New 

Blood post in the Human Nutrition 
group of the School of Biochemical 
and Physiological Sciences. 


The successful candidate will be 
expected to develop research in colla- 
boration with the Chemical 
Pathology and Human Metabolism 
group and Child Health group on the 
metabolism of free cals, trace 
elements and other nutnents with 
particular reference to normal and 
premature infants. Applicants, who 
should be under 35 years of age, 
should preferably have research 
experience in the field of free radical 
metabolism, but candidates with 
research experience in trace element 
metabolism are also encouraged to 
apply. 

Salary scale- £7,520 x £470 to 
£14,925 per annum. The initial salary 
will depend on qualifications and 
experience. 


Further particulars may be 
obtained from Mr A J Small, Staffing 
Department, Southampton Univer- 
sity, Southampton 509 SNH to 
whom applications (7 copies from 
UK applicants) giving brief curricu- 
lum vitae and the names, addresses 
and telephone numbers of three 
referees should be sent not later than 
14th June 1985. Please quote ref no 
AJS/85/31 (6526)A 
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THE UNIVERSITY OF 
LEEDS 


(Leeds General Infirmary 
DEPARTMENT OF IMMUNOLO 


LECTURER/SENIOR 
LECTURER 





Applications are invited from r 
stered medical practitioners, рге 
ably holding a higher degree, for 
above post, available immediate 


Applicants should have MRCF 
m either Immunology 
Histopathology. Duties of the | 
include participation in the dep 
mental routine diagnostic serv 
teaching and research. Preference 
be given to candidates with an inte 
in the immunohistology of immu 
logical processes m disease, and \ 
demonstrable ability to teach a! 
levels. Application will be made tc 
Leeds Western Health Authority 
an honorary contract at Consul 
level. 


Salary on the clinical scale 
Lecrurers/Semor Lecturers : 
Readers with honorary consuli 
contract (£20200 — £26080) (un 
review) according to qualificati 
and experience. 


Informal enquiries may be mad 
Professor G бок, Departmen 
Immunology, Infirm: 
Leeds LS1 Sx мү: 0532 432799 
3540) 


Application forms and further | 
ticulars may be obtained from 
Registrar, The University, Leeds 
9JT quoting reference no. 9: 
oong date for applications 15 J 


1985 
(6434). 


ST MARY'S HOSPITAL 
MEDICAL SCHOOL 


(University of London) 
Norfolk Place, 
London W2 IPG 


DEPARTMENT OF BIOCHEMIST 
POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for 
above post to work ona MRC fun 
project on the microdissection 
microcloning of the mouse X-chr 
osome. The project involves the 
struction of detailed molecular п 
of individual regions of the mc 
X-chromosome for the isolation 
characterisation of interest 
genetic loci, ın particular 1 
(X-linked muscular dystrophy). 
applicant should have experienc 
recombinant DNA technology. 


The post is available 1mmediat 
Salary is on the IA scale (star 
point, £7,520 plus £1,233 pa Lon 
Allowance) for research staff. 


Enquiries to Dr S D M Browi 
(01) 723-1252 ext 333. Applicat 
including full cv and names 
addresses of 2 referees to Assis 
Secretary (Personnel) at at 
addressby3] May 1985. (6534) 
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MONASH UNIVERSITY 
Melbourne, Australia 


FOUNDATION CHAIR OF 
FORENSIC MEDICINE 


Applications are invited for appoint- 
ment to the Foundation Chair of 
Forensic Medicine. By agreement bet- 
ween the Attorney-General of the 
State of ‘Victoria and Monash Uni- 
versity the Professor will also hold the 
position of Director of the newly- 
established Victorian Institute of 
Forensic Pathology. It is expected that 
the appointee will take up duty as 
soon as practicable in 1986 so that the 
appointee can advise the Council of 
the Institute on the appointment of 
professional and technical staff and 
on further planning of the Institute 
which it is envisaged will be completed 
for occupancy in 1987. К 





Applicants should’ be medical 
graduates with qualifications 
registrable in Victoria and should hold 
specialist qualifications in Pathology. 
Applicants should. also have extensive 
experience in the area of Forensic 
Pathology and be able to provide 
leadership and direction in the service 
activities of the Institute and in the 
teaching and research activities of the 
University. 


Salary: $A64,773 per annum which 
includes a clinical loading of $A9,825 
per annum. Superannuation, travel 
and removal allowance, and .tem- 
porary housing assistance. 


Information on application pro- 
cedure and further particulars may be 
obtained from the Registrar, Monash 
University, Clayton, Victoria 3168, 
Australia, or the Secretary General, 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF 


Applications should reach the 
Registrar not later than 31 July 1985. 
*Council reserves the right to make no 

appointment or to appoint by invita- 
«поп at any stage. 


* An equal opportunity employer. 
(W1885)A 


INSTITUTE OF CANCER 
RESEARCH 


TECHNICIAN 


4 vacancy exists in the Institute's 
Radiotherapy Research Unit at 
Sutton, Surrey for a Technician to 
ake part in a research project on 
»xperimental tumour therapy. The 
york will involve in vivo and in vitro 
studies on human tumour xenografts 
and cell lines, using both 
‘adiotheraphy and chemotheraphy. 
The post would be suitable for 
zraduates in biological sciences or 
nochemistry, experience in tissue 
culture would be an advantage 
Starting salary in range £5,738 — 
77,417 pa, plus London Allowance of 
623 pa, dependant on age. and 
xperience. 


Applicants are advised that | In the 
najority of the Institute’s premises 
moking is prohibited. 


Applications in duplicate with the 

iames of two referees to the 
?ersonnel Officer, Institute of Cancer 
Research, 17А Onslow Gardens, 
„ondon SW7 3AL, quoting: Ref 
01/B/88 ‚ (657A 
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П 


Environmental 
Chemist | 


Negotiable salary + саг 


The Burmah Group 1s a major 
British industnal enterprise with a 
turnover of £1.7 bilhon. Our wide- 
ranging activities include oil i 
exploration and production; the 
marketing of lubricants and fuels, 
speciality chemicals, shipping, апа. 
an investment division. 

Reporting to the Group 
Environmental Officer, you will be 
responsible for obtaining and 
analysing occupational hygiene 
samples to ensure employees are . 
not exposed to chemical harm. In ' 
addition to operating a monitoring 
pre amme and developing new 

lytical methods, you wi 
add run a computerised archiving - 


system. 


You should have a good 


Yer SERS SAU SECURA udi v ASIE VUES 


M.R.C. CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) 
WATFORD ROAD, HARROW 
MIDDLESEX HA1 3UJ 


TECHNICIAN 


A vacancy exists within. our 
Divison of Immunochemical 
Genetics for a Technician. 

The work of the division is 
concerned with the molecular 
basis and genetic regulation of 
carbohydrate antigens and 
exemplified by certain of the 
human blood group antigens. 


The successful applicant will be 
required to assist in the production 


of monoclonal antibodies, genetic §. 


complementation, and gene clon- 


ings experiments. Previous 
experience in any of these areas 
would be an advantage, but a 
good grounding in tissue culture 
techniques is essential. 

Applicants should have a degree, 
HNC or equivalent in a Biological 


subject. Salary will be on a scale lf. 


£6,361 — £8,719 inclusive of 
London weighting, depending on 
qualifications and experience. 

Applicants should apply to Miss B 
A Shaw, Personnel Section, 
quoting reference: 131/2/4290. 
Closing date: 14th June 1985. 

6606)А 





chemistry degree and some years’ 
industrial experience. Self- . 
motivated with,the ability to tackle 
the unknown, you must be an able: 
communicator at all levels. A . 
willingness to travel extensively to 

· Burmah sites spread throughout the 
UK is essential. An understanding of 

. Microcomputers and programming ' 
ability would be an advantage. 

A competitive salary'is 
accompanied by attractive large- 
company benefits including a car. 

Please send a full cv, or ring or 
write for an application form to 
Mr R J Doncaster, Recruitment 
Officer, Burmah Oil Trading 
Limited, Burmah House, Pipers Way, 
Swindon, Wiltshire , 

SN3 1RE. . 


setup , 


'(6610)A 


RE EES CM 





MOLECULAR BIOLOGIST/ 
— . BIOCHEMIST: 


Applications are invited from post doctoral scientists to join a 
multidisciplinary team investigating the mechanism . of 
carcinogenesis in mousé- and, human ‘epithelial cells. Main : 
research interests are oncogene transfection of kératinocytes, 
alterations іп cell genotype/ phenotype and regulation of 
epidermal differentiation by mesenchymal factors at different 
stages of malignant transformation: The candidate must hold a 
PhD in Biochemistry, Molecular Biology or Molecular Genetics 


‘and have a strong interest in Cell Biology and Molecular 
‚ Genetics. Experience ‘with recombinant ОМА techniques, 


cellular transfection and .in situ hybridisation would be 

advantageous. Excellent research facilities are provided and the 

position is available from July 1985 for 1% years in the first. 
instance with a possibility of further prolongation. The salary 

will be in the range 30, 000 — 50, 000 DM per annum 1 depending 

on age and experience. 


Applications including ШШЕ vitae; research 
experience and interests, list of publications. and “the 
names of two referees should be'sent to German Cancer 
Research Centre (DKFZ), ‘Personalabteilung, Im 
Neuenheimer Feld 280, D- 6900 Heidelberg, FRG. 


For further information. ring Prof. N.E. Fusenig: country 
code and 06211-484 507. (W1874)A 
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Assistant 
Agronomist 
Sudan 


An Assistant Agronomist is required to supervise 
all crop research activities in the Yei district of 
Southern Sudan, together with conducting surveys 
on the agronomic problems and constraints in 
agricultural production with a view to establishing 
an adaptive on-farm research programme. 

Responsibilities will also include establishing 
crop storage experiments, participating in the 
technical agronomy programme together with the 
supervision of sub-stations and assisting in the 
analysis of data. 

Applicants should be British Citizens with a post 
graduate degree or diploma in Tropical Agronomy, 
with three to seven years experience of handling 
grain legumes, preferably in a humid tropics 
environment Experience in on-farm trials with 
smallholder farms is desirable. 

The appointment is on contract to ODA on loan to 
the Government of Sudan for a period of two years. - 
Salary (UK taxable) is in the range #13650 to £17,150 pa, 
whuch includes an element in lieu of superannuation. 
A variable tax-free Foreign Service Allowance, 
currently in the range £4,520 to £9,085 pa, is also 
payable. 

The post is wholly financed by the British 
Government under Britain's p e of Aid to the 
developing countries. Other benefits normally 
include paid leave, free family passages, children’s 
education allowances, free accommodation and 
medical attention. 

For full details and application form, 
please apply, quoting ref. AH309/AF/N, 
giving full details of age, qualifications and 
experience to: Appointments Officer, 

Overseas Development Administration, 
Room 381, Abercrombie House, Eaglesham Road, 
EAST KILBRIDE, Glasgow G75 8EA. (6556)A 


S OVERSEAS __ 
ET DEVELOPMENT 


Britain helping nations to help themselves 





CROP PHYSIOLOGIST POSITION 


The Department of Agronomy and Range Science invites applications 
for an Assistant or Associate Professor/Assistant or Associate 
Agronomist position at the University of California Agricultural 
Experiment Station, Davis, CA. Research interests should focus on 
whole plant physiology processes that relate to agronomic crop 
performance in California. The candidate will be expected to develop an 
active research program which complements existing multidisciplinary 
efforts. Teaching duties will include a graduate course in crop 
physiology/ecology and participation in graduate seminars on a 
rotating basis. Advising duties will be in an appropriate discipline. A 
Ph.D. in plant physiology or related field is required. The level of 
appointment will be commensurate with the candidates experience. 
Recent graduates are especially encouraged to apply. Send a 
statement of research interests, curriculum vitae, transcripts 
and the names and addresses of three references by August 15, 
1985 to: R.L. Travis, Search Committee Chairman, Department 
of Agronomy and Range Science, University of California, 
Davis, CA 95616. Phone: (916) 752-6187 or (916) 752-1703. 

The University of California is an Affirmative Action/ Equal Opportunity 
Employer. (NW1780)A 





UNIVERSITY OF 
BIRMINGHAM 
Faculty of Medicine and 
Dentistry 
DEPARTMENT OF PHYSIOLOGY 
Applications invited to work on the 
mechanisms of insecticide resistance 
by studying nerve insensitivity to 
pyrethroids and DDT in genetically 
designed strains of house-fly. The 
work will be carried out under the 
supervision of Dr M P Osborne in 
collaboration with Rothamstead 

Experimental Field Station. 


The post is for three years from 
1.10.85, financed by the Agricultural 
and Food Research Council. Salary 
Grade IB £6,600 - £7,520 with super- 
annuation. 


It is expected that the appointed 
person will have a Good: Honours 
Degree in some aspects of Biological 
Sciences with a special interest in 
Neurophysiology and/or Entomo- 
logy. Suitably qualified candidates 
will have the opportunity to register 
for a PhD. 


Enquiries to Dr M P Osborne, 
Department of Physiology, Medical 
School, University of Birmingham 
B15 2TJ. Telephone 021-472 1301, 
ext 3350. 


Applications (three copies) to 
Assistant Registrar, Medical School, 
University of Birmingham B15 2TJ, 
by 10:6.85. Quote reference 
RA/Phy/MO. (6580)A 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF PATHOLOGY 


WESTERN INFIRMARY 


A PhD graduate with 3 years post- 
doctoral research experience in 
protein chemistry is required for a 


three year Arthritis and Rheumatism . 


Council project grant in the Uni- 


| versity of Glasgow. The aim of the 


project is to isolate and characterise a 
plasma protein which interferes with 
the complement-mediated solubili- 
sation of antigen-antibody com- 
plexes. Salary starts at point 4 on the 
University scale 1A. Applications 
with CV and names and addresses of 
two referees to Professor K Whaley, 
Department of Pathology, Western 
Infirmary, Glasgow G11 6NT by 
June 14th 1985. (6597)A 


UNIVERSITY OF 
CAMBRIDGE 


COLLEEN MACLEOD 
PROFESSORSHIP OF 
ANIMAL WELFARE 


Applications are invited for this newly 
established Chair. 


Present 
£20,995. 


Apphcations (10 copies) marked 
*Confidential' should be sent to the 
Secretary General of the Faculties, 
from whom further information may 
be obtained, at the General Board Of- 
fice, The Old Schools, Cambridge, 
CB2 ІТТ. Names of two referees may 
be submitted is desired. 


Closing date 7th June 1985. 
(6557)A 


pensionable stipend 
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UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF METALLURC 
AND MATERIALS SCIENCE 


RESEARCH ON DIFFUSIC 
IN THIN OXIDE FILMS 


A postdoctoral appointment for th 
years is available for study of dif 
sion processes in the formation of t. 
oxide films. The technique which 
volves the use of radon atoms 
Kirkendall markers, has been appl 
to anodic oxide films and recent i 
provements have shown that it 15 s 
ficiently sensitive and precise for it 
be applied to the passive films, tarn 
films and other low temperature, th 
mally activated film growth proces: 


The investigations are relevant 1 
only to oxidation and corrosion p 
cesses but to the generation of ox 
films for integrated solid state el 
tronic devices. The technique 1s } 
available elsewhere in Europe a 
funds are available for the impro 
ment of the present equipment. 1 
programme includes an element 
collaboration with research work 
in Paris who are using complement: 
techniques for the study of simi 
phenomena. 


Applications are invited fri 
suitably qualified people. Please wi 
or telephone Professor J S L Lea: 
Department of Metallurgy a 
Materials Science, The University 
Nottingham, University Park, N 
tingham, NG7 2RD. Tel 0602 5061 
ext 2116. (6570 





UNIVERSITY OF 
SOUTHAMPTON 


CHAIR OF 
OCEANOGRAPHY 


Applications are invited for the Ch 
of Oceanography which will beco: 
vacant on the retirement of Profes: 
H Charnock, FRS, on 30 Septem! 
1986. Applicants should ha 
research interests in the physical 
related marine sciences and ! 
ability to foster work in a mu 
disciplinary field. 


Further details may be obtair 
from the Secretary and Registr 
The University, Southampton, S 
SNH, to whom applications | 
copies from persons in the U 
should be sent before 12 July 198: 

(6524)A 


IMPERIAL COLLEGE 
London SW7 2AY 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a po 
doctoral research assistant for | 
newly created Imperial Colle 
colloid and interface group to wc 
with Drs M H George and J A Bar 
on the immobilisation of enzymes | 
catalysis in copolymer micell 
Previous experience in orga: 
synthesis and/or polymer chemis 
would be desirable. 


Applications should be sent 
soon as possible to Dr M Н Geor, 
Department of Chemistry, Imper 
College, London SW7 2AY. 

(6594)A 
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ASSISTANT PROFESSOR, 
BIOCHEMISTRY 


Applications are invited for one 
12-month, tenure-track position 
which will begin on or before 1 
January 1986 Preference will be 
given to individuals with chemical 
and biochemcal expertise and re- 
search interests in the structure- 
function relationships of biological 
macromolecules. Despite these 
preferences, application from in- 
dividuals having other research in- 
terests and expertise will be con- 
Sidered. Applicants, who should 
have a Ph.D and postdoctoral ex- 
perience in biochemistry or a 
related field, will be expected to 
develop an active, externally fund- 
ed research program, and to „раг- 
ticipate in the undergraduate and 
graduate teaching programs of the 
department Normal teaching 
assignments are a one semester 
lecture or laboratory course per 
academic year. Applicants should 
include curriculum vitae, copies of 
publications, graduate and under- 
graduate transcripts and a brief 
statement of current, and future 
research interests. Three people, 

well acquainted with the appli- 
cants’s research and teaching 
ability, should be asked to send 
letters of reference. Review of ap- 
plications will begin in June 1985; 
interviews will be scheduled in late 
summer or early fall 1985. inquiries 
and applications should be directed 
to. Roger E. Koeppe, Bio- 
chemistry Department, 454 PSII, 

OKLAHOMA STATE UNIVER- 
SITY, Stillwater, Okla. 74078. 

Equal Opportunity! Affirmative Ac- 
tion Employer. (NW1769)A 


humans. 


applicable, 





THE DEPARTMENT OF PEDIATRICS, University of California, San 
Diego, Division of Pediatric Immunology and Allergy, has an opening 
for a FACULTY MEMBER with a special interest in clinical 


immunology/allergy, with research experience in neonatal ` 


immunology and cellular aspects of allergic disease. Preferred 
experience in Pediatric Intensive Care Unit. This position will be at the 
level of Assistant Professor. Position includes clinical supervision.and: 
teaching of housestaff and medical students. Applicants should be 


board certificate or board eligible in pediatrics, experience in teaching ' 


and clinical service; with research background. Salary commensurate 
with skills, knowledge, and University of California policy. Candidates 
apply by June 1, 1985 with C.V. to Robert N. Hamburger, M.D., 


Professor of Pediatrics, Department of Pediatrics, UCSD, M-009-D, La ie 


Jolla, CA 92093. EEO/AA. (NWI7B3)A | 


UNIVERSITY OF 
WISCONSIN-MADISON 
AQUATIC BOTANIST 


RESEARCH ASSOCIATE 
{postdoctoral} position available 
by 1 June, 1985, for laboratory 
and lake studies on integrated 
control of Eurasian watermilfoil- 
and impact of control strategies 
on water qualtty. Additional 





















Scientists for Research 
into Arthritis 


The Boots Company PLC has, at its Nottingham Headquarters, a 
well-established research group concentrating on the identification and 
development of more effective drugs to treat arthritic diseases. 


‘Continuing growth i in this major research field has created the need 
for two more Research Scientists to join our team. There is considerable 
. challenge — playing a key role in the development and implementation 
` of novel experimental models which simulate chronic inflammation in 
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Se 
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You should have a Dames: in biochemistry, cell biology or. 
pharmacology: with a relevant PhD or three years research experience. 
You will find wide scope for your initiative in these rewarding posts, with 
excellent opportunities for career growth. 

We are offering a range of benefits expected of a large Company, 


including profit sharing, contributory pension and staff purchase 
schemes. Generous relocation assistance will be available where 


(6601)A 


Please write, with full career details, to: T. W. Flower, Employment 
. Manager (Technical), The Boots Company PLC, Station Street, 
Nottingham NG2 ЗАА. Telephone (0602) 506255. Ext. 243. 


The Boots Company PLC | 





DEPARTMENT OF BIOLOGY 
YORK UNIVERSITY 


Applictions are invited for a tenure track position as Assistant Professor 
in Population Biology (Animals or Plants) or Behavioural Ecology. 
Applicants must have demonstrated a strong potential in some area of 
ecological research. In accordance with Canadian Immigration 
Requirements, this advertisement is directed to Canadian citizens or 
permanent residents. Applications, including a curriculum vitae, 
recent reprints and names of at least three referees should be 
sent to Professor A.S.M. Saleuddin, Chairman, Department of 
Biology, York University, 4700 Keele Street, 246 Farquharson 
Building, North York, Ontario M3J 1P3. Closing date is 
December 31, 1985 or when the position is filled. — (NW1773)A 


\ 


RESEARCH POSITION IN. 
MOLECULAR/CELL BIOLOGY 


Post-doctoral, Assistant or Associate Research Professor level position are available starting immediately in 
the Department of Cell Biology. The person/s appointed will be member of a research group investigating 


the role of oncogenes, their possible interactions with carcinogens in normal and HBV-infected hepatocyte 


transformation in culture or in vivo ; Е 
` Applicants should have experience or knowledge in the following areas: 


general cell.culture techniques; recombinant DNA techniques; virology 
Salary is negotiable and will be based upon the candidate’s previous 
training and experience (BAT ПА — BAT IA). Permanent positions will 
be made available to persons with the appropriate background. 

Send CV and names of 2 referees before 13 June 1985 to: Prof. Dr. 
Dieter Paul, Institut of Toxicology, University.Hamburg Medical 
School, Grindelallee 117, 2000 Hamburg 13 Federal Republic of 

- Germany. (W1871)A 


experience in water chemistry, 
йтпооду, ог mycology 
desirable. Funding for two years.- 
Salary competitive and 
commensurate with qualificat- 
lons 

Send résumé, including, ' the 
names of three referees, to: 
Dr. John H. Andrews, Depart- 
ment of Plant Pathology, 1630 
Linden Drive, ison, 
Wisconsin 53706. 

An affirmative action- equal 

|o ortunity employer 
Pp (NW1781)A . 
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DIRECTOR 


OF FOOD RESEARCH. 
£26,909 (Under Review) * 


Applications are invited for the underpinning sciences, with a 
post of Director of Food Research. ' , distinguished record in research, а. 
The person appointed will be directly knowledge of the food industry and 
responsible to the Secretary to the considerable experience,at a : 
AFRC for the control, development senior level, in the management of 
and management of research at the research. Non-contributory pension 
Council's Food Research Institute at scheme. The successful applicant , 


Bristol, Norwich and Reading The may qualify for assistance with 
Director will be required to contribute removal expenses 

more widely to the continuing ` TheAFRCisan Equal ' 
development of a food research Opportunity Employer. 

strategy for the Agricultural and Further particulars and application 
Food Research Service. forms can be obtained from John 


The post will be based initially àt Pettinger on 01-580 6655 (Ext 244). 
one of the Institute sites where the Completed applications should be 





Director will be supported by returned by 21 June 1985 to 

a small administrative team - Mr J M Y Dickens, Chief 
Candidates shouldbe , . Personnel Officer, АҒАС, 

highly qualified in:food 160 Great Portland Street, 

science or the related ШИ, : London wi N 6DT. (65371A 





MRC IMMUNOCHEMISTRY 
E UNIT 


Associated with 
DEPARTMENT OF 
BIOCHEMISTRY 
UNIVERSITY OF OXFORD 


MOLECULAR 
IMMUNOLOGIST 
Applications are invited for = 
short-term non-clinical scientific 
post at postdoctoral level tenable 
or 3 or 5 years in this MRC Unit. 


The project to be investigatec 
would be subject to discussion 
with the successful applicant, but 
would be concerned with the 
application of protein chemistry 
and recombinant DNA techni- 
ques within the general field ot 
effector mechanisms in immunity 
and autoimmunity. 


The appointment will be from 1 
January, 1986, or later by 
arrangement. 


Remuneration will be at an ap E 
priate point on the scale for 
versity по non-clinical academic 
staff. Further information may 
be obtained from Professor R. 
R. Porter, F.R.S., Department 
of Biochemistry, “South Parks 
Road, Oxford OX1 3QU (Tele- 
phone: 0865-56733), to whom 
applications should be sent by 
5 July. Ref: ВС/129. (6576)A 





| . , 1 DURHAM UNIVERSITY 
PLANT GENE TECHNOLOGY and DEPARTMENT OF MATHEMATICAL 
D NA R ES EARCH ` И. Applications es invited for the post 


LAS of 
POSTDOCTORAL | assent 
POSITION. |ва Thane 


Candidates with a background in plant physiology and/orDNA | the direction of Drs E F Corrigan and 
research are invited to join an industry-funded independent {| D B Fairlie for investigations in the 
research group at the Institute of Molecular Biology of the Structure of Gauge Theories. There is 
scope for, working on a variety of 
Austrian Academy of Sciences in Salzburg. | ‚ different topics. 
We offer a salary and benefits commensurate with experience || Initial salary in the range £1, 520 - 
according to Austrian Academy of Sciences scheme.. The initial £8,920 per annum plus super- 
appointment will be for one year with possible extention up to, annuation. 


four years. Resume, list of publications and: three letters of Applications (3 copies) naming 3; 


reference should be submitted to CHEMIE LINZ AG, Personal- referees should be sent by 7 June 1985 


to the Registrar, Science Labor- 
wirtschaft, POB 296, A 4021 Linz, Austria. atories, South Road, Durham DHI 


CHEMIE LINZ AG. M | 3LE from whom further particulars 


(W1878)A ' may be obtained, (6589)A 








THE SCHOOL OF 








" - PHARMACY 
. University of London 
BIOTECHNOLOGISTS! - ‘NEW BLOOD’ 
| : Д ne І - LECTURESHIP 
What's going on inthe world’s fastest- . -` F TOXICOLOGY/ 
rowing scientific discipline? · : NA 
, g g p Soiree iad with а strong biochemical, 
4 i molecular biological ha - 
To find out, send for a sample сору ot l| logical background are invited to 
А apply. Applicants must be-willing to 
BIO/TECHNOLOGY, the Intemational - "арыу their expertisa lo a súdy of 
Monthly for Biology and Industry, to | mechanisms of toxicity/neurotoxcity. 
JE] | Further particulars from Dr G M 
Felicity Parker, Macmillan Journals, . ' Соһеп 01 837 7651. 
Houndmills, Basingstoke, Hants. Salary m range £7,520 — £14, 925 
RG212XS, UK pa + LA £1,233 pa. ` 
or E Applications including 2 copies of 
te CV and names of three referees to be 
Paul Siman, Bio/Technology, · ] | sent by 28 June to Personnel Officer, 
65 Bleecker St., New York, NY 1001 2. Тһе School- о? Pharmacy, 29/39 
‚ | Brunswick Square, London, WCIN 
IAX. (6575)A 


1985 or later by arrangement-under > 


THE UNIVERSITY OF 
LEEDS 
DEPARTMENT. OF ORGANIC 
CHEMISTRY 


TWO POSTS OF LECTURE: 


Applications are invited fro 
suitably qualified candidates for t 
above posts. They are both availat 
from 1 October 1985 and one is fo: 


- fixed-term of three years. 


Salary on the scale for Lecturt 
(£7,520 - £14,925) (under revie 


according to age, qualifications a: 


experience. 


Application forms and further p: 
ticulars may be obtained тот t 
Registrar, The University, Leeds L 
9JT quoting reference no 45/3 
Applicants from overseas may арр 
in the first instance by cable with t 
names of three referees preferat 
living in the UK. Closing date f 


applications 21 June 1985. (6584)A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
i (University of London) 


ACADEMIC DEPARTMENT OF 
MEDICINE 


TECHNICIAN 


Required to work with a gro! 
studying the development 
pliysiology of the liver and 
relationship to mborn -errors 
metabolism. Appointment for thi 
years in the first instance. 


Salary on Whitley Council Sc: 
according to‘ qualifications a! 
experience. 


Further details and applicati 
form available from thé School Off 
RFHSM, Rowland Hill Stre: 
London, NW3 2PF (794-0500 : 
4262). Please quote ref NM/T. 

(6551)A 
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Nous: sommes l'un des tout premiers groupes phaimaceutiques mondiaux et nos activités en France sont 
en forte croissance ‚ : 

Pour renforcer le potentiel ТОМЧЕ et de créativité d de notre Centre de Recherche situé a RENNES nous 
créons de nouveaux postes ed Жу oe M P А 


йш! Ou А VE А : 









Pharmacologue m Chimiste 
Cardiovasculaire .§ Organicien 





Au sein du départemént, Biologie et en synergie. .· Au sein du département Chimie et en synergie `` 






avec les autres chercheurs et techniciens du. - , avec, les autres chercheurs et techniciens du , 
centre: . x. - '.. centre: 
-vous concevrez et mettrez au point les modéles * ~ '. = vous-concevrez et réaliserez la eydihéss de nou- 






Physiopathologiques " et " thérapeutiques ". ‘ velles molécules thérapeutiques dans le domaine 


.- vous réaliserez et suivrez les étudesettravauxsur,. © Cardiovasculaire 

Че métabolisme myocardique. є ee . ' - ati vu des résultats pharmacologiques, vous opti- 
miserez les structures explorées. 

" Vous possédez une formation de type ENSC 
(option chimie organique) et un doctorat (chimie 

moins 3 en phar іодіе dans lé domain organique et/ ou thérapeutique) et une expérience: 

cardiovascular р 7 таен ш а 3 ' d'au moins З ans en synthèse (chimie thérapeuti- : 

iN - S E TN " que) dans l'industrie pharmaceutique ainsi que des 

E CB. deme feel connaissances en méthodes de " Drug Design " 


m d ` à ' 






Vous possédez une ‘formation . universitaire en 
Pharmacie ou Sciences (Physio) et un doctorat en 
. Sciences Biologiques et une expérience , d'au 


















L'envionnetment international du groupe vous permettra d'évolior et implique Ja connaissance de l'anglais. 


` Merci d'adresser votre candidature sous réf. 770 M en indiquant le poste souhaité à J.M. REMY- CR. ES. , Du 
“4, rue du aaa женшен ji 45 35760 SAINT-GREGOIRE (W1888)A 







os 


laboratoires 









Beecham pharmaceutique | 





UNIVERSITY OF DURHAM | UNIVERSITY OF ABERDEEN, | MOLECULAR NEUROBIOLOGY IN SWITZERLAND: 





, INDUSTRIAL RESEARCHE t | DEPARTMENT OF MICROBIOLOGY: ` POST DOCTORAL POSITION 
К AT ne The Molecular Biology Department of Hoffmann-La Roche Inc., Basle 
Applications „аге invited “for the |.. ` MICROBIOLOGICAL Switzerland has an opening for a post-doctoral fellow to perform basic 
following one years post available |. CORROSION ^ research on the genetic basis and regulation of: 







from dates to. be arranged. ` Applications are invited for two posts : 


to: carry out a research programme 
‘SENIOR EXP ERIMENTAL ` "| into the mechanisms and i importance, 


OFFICER. .' . frof microbial corrosion in. seabed 


To work oh’ the synthesis and |' sediments. — А 
characterisation of polymers. Ap- 


“NEUROTRANSMITTER RECEPTORS AND’ 
| ION CHANNELS 


The department. { Director Dr. H. Bujard) offers an excellent research 
environment and the opportunity for interaction with many research 
laboratories in molecular biology, neurobiology, electrophysiology and 














2 The two posts are: + pharmacology. The position is available from July 1985 for 1-2 years. 

РАО ш ушын саи TENE POST DOCTORAL "Costs of moving to and from Basle will be covered. Salary conforms 
chemistry and have experience with | ^ RESEARCH FELLOW © with the Swiss National Science Foundation standards. 
standard physicochemical techniques | ~. | - * рода К. Applicants should submit a curriculum vitae and a statement of 
used for polymer characterisation. .| With a PhD or-equivalent industrial research activities to Dr. H. Mohler, Prof. of Biochemistry, 

experience. in corrosion’ science, . Research Department, Building 70, Hoffman-La Roche, 4002 _ 

‘SENIOR ‘RESEARCH preferably with , experience ‘of | Basle, Switzerland. Phone 061/27/6202 (W1879)A 
| ASSISTANT - | cathodic protection “and corrosion 
“monitoring. ; МК 


Postdoctoral Senior: Research Assis- i 
tant in polymer "synthesis and |- 2 RESEARCH ASSISTANT 
characterisation for work on the syn: -with a degree, ‘or “equivalent experi- 


thesis of co-polymers for-use in the 
manufacture of toner particles. Ap- ence, in microbiology or a related 


Faculty Position in Neurophysiology 
Brain Research Institute, Zürich > < 


subject; -experience in microbial · The Brain Research Institute, University of Zürich, invites application 
AE ehe and corrosion would be an advantage. · . to a tenured faculty position at the full professor level (Extraordinariat).- 
familiarity with polymer synthesis is |. Appointment will be made with Preference will be given to candidates-with a strong research record 
desirable but not essential; › .. | immediate-effect and will be for.two т vertebrate system physiology at the single neuron level. The candidate 
"| years. sv Ll Г : - is expected to interact with other neuroscience research groups at the 
The projects will bé undertaken in ЕЕ i | Medical Faculty, particularly those studying neurotransmitters and 
collaboration with a leading interna- | «Salaries within range £6,600 — „developmental biology. Some teaching in neurophysiology courses for 
«ional company. Salaries in thejrange |- #9,860 рег annum'on the Range IA or medical students is required. The candidate should acquire profi iciency 
under réview) £7,520 +— £12, 150 with JB scales for Research and Analog- to teach in German within one year. ' 
superannuation. - i .- 4 ous. Staff with , placement according Send curriculum vitae, including ‘a synopsis of past-research 
Applications (three'copies) naming | -1° experience. р it experience, and a statement of research. objectives to the 
three referees should be:sent by 15 | ' Further particulars aid PES - Chairman of the Search Committee, Ог. М. Henn, Neurological 
June 1985 to the Registrar, Science | cation’ forms, from The Secretary, , Clinic, University "ore 8091 Zürich, Switzerland. Deadline 
Waboratories, South Road, Durham The University, Aberdeen, with | $- August Tus | AD чк (W1886)A 


ЮНІ 3LE, from whom further par- « -, whom applications (2 copies) should 
iculars are available.» (6568)A ` bélodged by 14 June 1985.,(6519)A - - 
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programme. 


Dr. Gordon C. Hard 


School of Pathology 
University of NSW 
PO Вох 1 

Kensington NSW 2033 


LUDWIG INSTITUTE FOR 
CANCER RESEARCH 
(LONDON BRANCH) 


Haddow Laboratories, 
Clifton Avenue, 
Sutton, Surrey SM2 5PX 


THREE YEAR 
APPOINTMENT 


RESEARCH ASSISTANT 


is required to work in a group 
studying the processes of growth, dif- 
ferentiation and neoplastic cell for- 
mation in cultured mammary gland 
epithelial cells. The successful 
candidate will assist in the first 
instance in determining the alter- 
ations ın growth control that allow 
benign mammary epithelial cells to 
become malignant. Previous 
experience with sterile techniques in 
tissue culture and/or microbiology 
are essential and prior knowledge of 
protein purification and/or 
molecular transfection techniques 
would be advantageous. Salary will 
bein therange of £5,738 — £8,492 pa 
plus £623 pa London Weighting, de- 
pending on previous relevant 
experience. 


Applications with details of career 
and two referees should be sent to the 
Administrator, at the above address 
no later than 31st May, 1985. 

(6533)A 


N.S.W. STATE CANCER COUNCIL 
SENIOR RESEARCH 


SCIENTIST 


Applications are invited for the position of Senior Research 
Scientist within the Carcinogenesis Research Facility, N.S.W. 
State Cancer Council in the school of pathology, University of 
N.S.W. the Carcinogenesis Research Facility 
founded research laboratory intending to study cellular and 
molecular aspects of chemical carcinogenesis. 


Scientists with strong credentials for, and commitment to, 
developing and independent research programme in the 
molecular biology or biochemistry of chemical carcinogenesis 
are invited to apply. Candidates interested in combining genetic 
and molecular approaches to the study of neoplastic cells, in 
gene expression/regulation as it relates to carcinogensis, or in 
macromolecular changes induced by chemical carcinogens will 
be given preferential consideration. Applicants must have 
appropriate qualifications, a record of research publications and 
experience in establishing an independent research 


The post is available immediately and has an annual salary 
within the range $29,826 to $34,779 p.a. The appointment is for 
5 years in the first instance. Consideration will be given to 
assistance with costs involved in relocation to Sydney. 

Interested applicants should submit a full curriculum 
vitae, list of publications, brief statement of research 
interests and the names of 3 references to:- 


Head, Carcinogenesis Research Facility 
N.S.W. State Cancer Council 


Applications close on 30th June, 1985. 





is a newly 


(W1887)A 






UNIVERSITY OF 
NEWCASTLE UPON TYNE 


CANCER RESEARCH UNIT 


RESEARCH ASSOCIATE/ 
SENIOR RESEARCH 
ASSOCIATE 


Applications are invited from 
graduate or post-doctoral scientists 
to work on a research project investi- 
gating the activation of oncogenes in 
cancer progression financed by a 
grant awarded by the North England 
Cancer Research Campaign. The 
Cancer Research Unit has already 
interest in the relationship of DNA 
repair to cancer matastasis and in the 
cloning of DNA repair genes. Collab- 
orative efforts will be encouraged. 
Candidates should have experience in 
recombinant DNA techniques. 
Additional experience in cell biology 
would be an advantage. The post is 
available for three years. Commen- 
cing salary according to qualifi- 
cations and experience on Range JA 
scale £7,520 — £12,150 or up to 
£13,625 on Range II scale £11,205 — 
£14,925. 


Applications giving a full curricu- 
lum vitae and names of three referees 
should be submitted to Dr G V 
Sherbet, Cancer Research Unit, 
Royal Victoria Infirmary, Newcastle 
upon Tyne NEI 41Р, not later than 
Friday,21stJune1985. (6531)А 


IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

DEPARTMENT OF AERONAUTICS 


RESEARCH ASSISTANT 


A Research Assistant 1s required to 
conduct a study of the flow in the 
wake of lowflying aircraft. The work 
will include experiments which will be 
performed in the larger wind tunnels 
in the department. The theoretical 
aspects of this research will be 
concerned with modelling the vortex 
patterns in the wake and predicting 
the flow produced by the aircraft close 
to the ground 


Applicants should have a good 
degree in a relevant subject and 
experience of wind tunnel or related 
research. The salary will be in the 
range £7,520 — £12,150 pa (Under 
review) plus London weighting 
£1,233. 


Further details can be obtained 
from Dr J K Harvey, Department of 
Aeronautics, Imperial College, 
London SW7 2BY, to whom 
applications should be sent. 

(6604)A 


UNIVERSITY OF LONDON 
INSTITUTE OF 
NEUROLOGY 


Applications are invited for a post- 
doctoral position available for up to 
4 years in a group investigating 
transmitter amine metabolism in the 
freely moving rat by new techniques 
and studying relationships and finding 
to milieu, feeding, receptors and 
behaviour 


Applicants should have expertise in 
relevant aspects of experimental psy- 
chology and be interested in neuro- 
chemistry and/or pharmacology 


Initial salary within range £8,376 — 
£10,611 (including London Weight- 
ing). 

Apply with CV and names of two 
referees to: Professor G Curzon, 33 
John's Mews, London WCIN 2NS 
within a month of the appearance of 
this advertisement. (6536)A 


SYDNEY — AUSTRALIA 
THE UNIVERSITY OF NEW 
SOUTH WALES 
SCHOOL OF ANATOMY 


RESEARCH OFFICER 
(REF.220) 


The appointee will work under the 
supervision of Associate Professor J 
Stone on the development of mam- 
malian retina Applicants should have 
a PhD or equivalent. A background 
in. Neuroanatomy, Neuroimmunol- 
ogy, Neurophysiology or Neuro- 
embryology would be an advantage. 
The position is available initially for 
one year from early January 1986, 
with prospects of renewal for a 
further year. 


Further information from Associ- 
ate Professor Stone — (02) 697 2471. 


Salary: $A22,614 — $A25,905. 


Please submit written application to 
the General Staff Office, PO Box 1, 
Kensington, NSW, Australia 2033, by 
August 2 1985 


Equality of employmént opportun- 


ity is University policy. ' 
(W1881)A 
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UNIVERSITY OF LEEDS 
DEPARTMENT OF BIOCHEMISTRY 


PROTEIN SEQUENCING 
FACILITY 


Applicants are invited for a post of 
Post-Doctoral Research Fellow 1n the 
above department to assist in the day- 
to-day operation of the sequencing 
facility and participate in research 
work. Knowledge of automated 
sequencers would be an advantage. 
Applicants should have a PhD or 
equivalent experience in a relevant 
area. 


The post is available for a fixed 
term of up to four years. 


Salary on the IA Range for 
Research and Analogous Staff (£7,520 
— £12,150)(under review) according 
to age, qualifications and experience. 


Informal enquiries may be made to 
Dr J B C Findlay (Tel 0532 431751 ext 
7180). 


Apphcation forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT quoting reference no 83/61. 
Closing date for applications 13 June 
1985. (6563)A 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF IMMUNOLOGY 


Applications are invited for the post 
of 


RESEARCH ASSISTANT 


in the Department of Immunology to 
work with Dr Peter Stern on the 
molecular genetics of MHC Class-1 
products expressed by human terato- 
carcinoma cells. At least a basic 
knowledge and experience of modern 
recombinant DNA techniques would 
be advantageous. The initial salary 
within the range £6,600 - £7,980 per 
annum ` 


Applications, together with the 
names of three referees, should be 
received not later than 24 June, 1985, 
by The Registrar, The University, PO 
Box 147, Liverpool L69 3BX from 
whom further particulars may be 
obtained. 


Quote Ref: RV/289/N. (6587)A 


POSTDOCTORAL/RESEARCH 
ASSOCIATE Position available im- 
mediately for studies of nuclear struc- 
tures and functions. One (1) project 
involves primary transcripts, 
heterogeneous nuclear RNA and small 
nuclear RNA. The other deals with 
the identification and characterization 
of the genes of the blood group an- 
ugens. Background in biochemistry, 
molecular biology and DNA Recom- 
binant Technology is essential. Appli- 
cant will join 1n active research pro- 
gram in Recombinant DNA 
Technology. Job security with oppor- 
tunity for advancement, competitive 
salary, excellent benefits Send Cur- 
riculum Vitae and letters of reference 
to Dr Oscar Pogo, Head, Department 
of Cell Biology, Kimball Research In- 
stitute, New York Blood Centre, 310 
E 67 St, New York, NY 10021. Equal 
Opportunity Employer 
(МҸ 1753)А 
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ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, London 

W2 IPG : 


| 
BIOCHEMISTRY DEPARTMENT 
PhD 1 


MRC funded PhD place available to 
work with Dr John Hardy on neuro- 
transmitter release and uptake by 
preparations from post mortem 
human brain. Many neurological and 
psychiatric disorders are thought to 


involve specific defects im neuro- 


transmission. 


The purpose of this project will be 
to study various aspects of neuro- 
transmitter release and uptake in post 
mortem tissue. Specifically, isolated 
nerve endings (synaptosomes) will be 
prepared and used to study the 
distribution of the different transmit- 
ter uptake systems in the human 
brain. Many clinically prescribed 
drugs are thought to have then actions 
of modulating neurotransmitter up- 
take and release by human brain syn- 
aptosomes will be examined. 


Enquiries to Dr John Hardy. Tel 
01- 723 1252 ext 117. Applications in 
the form of a cv with the names and 
addresses of two referees to the Assis- 
tant Secretary (Personnel) at above 
address by 3 June 1985. (6573)A 





А 


DURHAM UNIVERSITY 


DEPARTMENT OF GEOLOGICAL 
SCIENCES 


-LECTURESHIP IN 
GEOPHYSICS ' 


Applications are invited for a Lec- 
tureship in Geophysics tenable in any 
area of solid-earth geophysics, but 
with some preference for candidates 
1n marine geophysics or seismology. 


Applicants must have previous 
research experience ın geophysics. 


It is hoped to fill the post from not 
later than 1 October 1985. 


Salaries on the scale £7,520 — 
£14,925 p.a with superannuation. 


Apphcation (3 copies) naming three 
referees should be sent by 31 May 
1985 to the Registrar, Science Labora- 
tories, South Road, Durham DH1 
3LE. From whom further particulars 
maybe obtained. (6529)A 


MEDICAL RESEARCH , 
COUNCIL LABORATORIES 
THE GAMBIA 


VIROLOGIST 


For the MRC Laboratories, Fajara, 
The Gambia. You will‘join a team 
embarking on a study of acute 
respiratory infections in Gambian 
children and will be responsible for 
viral isolations and identifications. 
Previous experience of respiratory 
virus isolation is required and‘more 
general experience in microbiology 
would be an advantage. An initial 
contract of 2 years will be offered 
which may be renewed. Salary will-be 
determined by qualifications’ and 
зхрегіепсе. boot 


Application forms and further 
jetails may be obtained from Miss K 
3 Douglas, MRC, 20 Park Crescent, 

mondon WIN 4AL. The closing date 
«for applications is 28 June 1985. 
5 (6579)А 


ROYAL FREE HOSPITAL ' 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF NEUROLOGICAL 

SCIENCE ' 
GRADUATE RESEARCH 
ASSISTANT 


(preferably a cellular immunologist) 


.required from 1 September 1985 to 


help run a fluorescence-activated cell 
sorter (FACS) in a largely MRC- 
funded human cellular immunology 
group. There is some routine analyt- 
ical and maintenance work, and 
considerable scope for functional 
studies on FACS-purified cells in 
culture. Simple engineering/elec- 
tronic skill/interest an advantage 
(but not essential) for this challenging 
post which is initially available for 
one year with very good prospects of 
renewal for a further five. 


Salary on scale £6,600 ~ £12,150 
plus £1,233 London Allowance, ac- 
cording to qualifications and 
experience. 


Further details available from 
School Office, Room G650, 
RFHSM, Rowland Hill Street, 
London, NW3 2PF, (01-794-0500 
Extn 4262) to which full curriculum 
vitae and names and addresses of 2 
referees should be sent by 7 June 
1985. Please quote reference 
JND/GRA. . 

(6527)A . 


UNIVERSITY TÜBINGEN 
FRG 
POSTDOCTORAL 
CO-WORKER 


We are looking for a postdoctoral co- 


worker in the field of molecular 
mechanisms of infection immunity. 


Apply: to W а Bessler, 
Arbeitsbereich Immunologie der 
Universitat, D7400 Tübingen, FRG 

(W1876)A: 


AFRC — FOOD RESEARCH _ 


INSTITUTE - BRISTOL 
Langford, Bristol BS18 7DY 


SCIENTIFIC OFFICER 


Applications are invited for the post 
of Scientific Officer (Band П) to join 
the Hygiene Section and participate 
in research on the incidence, origin 
and behaviour of food-spoilage and 
food-poisoning microorganisms 
associated with the processing of 
poultry-meat products. 


The work will include both factory 
surveys and laboratory studies 
involving the isolation and 
identification of relevant organisms 
and investigation of their properties. 


Qualifications: Degree in micro- 
biology or HNC with relevant post- 
qualifying experience. 


Salary: £5,909 - £8,153 pa. 
Application forms from the Per- 


sonnel Officer at the above address. 
Please quote reference no 85/5. 


The Agricultural and Food 
Research Council is an equal oppor- 
tunitiesemployer. (6592)А 








‚ transcription of mammalian genes by hormonal and other factors. 








Classified 17 


HILIPPS-UNIVERSITAT 
ARBURG 


Im fachbereich Humanmedizin in der Humangenetik mit 
humangenetischer Poliklinik ist zum Herbst 1986 eine 


Professur (C4) 


Е fiir Humangenetik 
(Nachfolge von Herrn Prof. Dr. Wendt) 
zu besetzen. 


Fir den Stelleninhaber ist die Leitung der ersten Abteilung in einem 
neu zu gründenden Zentrum für Humangenetik vorgesehen Nach 
Berufung soll eine СЗ — Professur für die zweite Abteilung 
ausgeschrieben werden. AuRerdem ist ein Funktionsbereich fur klinische 
Cytogenetik und Pránataldiagnostik als zentrale Einrichtung vorgesehen. 
Gem. Erlaf$ des Hess. Ministers fur Wissenschaft und Kunst ist alter- 
nativ offenzuhalten, daf$ die Humangenetik in das Zentrum fur 
Frauenheilkunde und Geburtshilfe oder in das Zentrum fur 


· Kinderheilkunde organisatorisch eingebunden wird. 


Der Bewerber soll auf einem aktuellen Forschungsgebiet der 
Humangenetik international anerkannt sein und über eigene Erfahrungen 


, mit molekulargenetischen Techniken verfügen. Es wird erwartet, даб 


die Fortführung der klinischen Genetik auf dem in marburg erreichten 
hohen Niveau gewahrleistet bleibt. $ 


Fur die Ernennung zum Professor sind grundsatzlich padagogische 
Eignung und-als Nachweis der Befahigung zu wissenschaftlicher Arbert 
— neben'‘der Promotion die Habilitation oder gleichwertige 
wissenschaftliche Lerstungen erforderlich. Im ubrigen gelten die 
Einstellungsvoraussetzungen des $ 39 a HUG. 


Berwerbungen mit den üblichen Unterlagen (das Schriftenverzeichnis 
ist nach Originalarbeiten, Ubersichtsartikel und Fallstudien zu gliedern 

Bei gemeinschaftlichen Veroffentlichungen soll der Bewerber ausführen, 
worin seine Miturheberschaft besteht) sind bis zum 30.6.1985 zu richten 
an den Präsidenten der Philipps Universitat Marburg, Beigenstrafse 10, 
D 3550 Marburg. 





POSTDOCTORAL POSITION 
Massachusetts General Hospital/ 
Harvard Medical School 


2-3 year position available immediately to study regulation of 






Particular focus on interaction of glucocorticoid receptor with DNA and 
transcription factors. preference will be given to applicants with strong 
background in molecular genetics, including experience with standard 
techniques of molecular biology: Send curriculum vitae and three 
letters of reference to: Dr D D Moore, Dept. Molecular Biology. 
Wellman Building, Massachusetts General Hospital, Boston, 


Ma. 02114. : 
equal opportunity/affirmative action employer (NW1774]A 














ST. GEORGES UNIVERSITY SCHOOL OF MEDICINE 


St. George's University School of Medicine, Grenada 


. seeking additional faculty for the following subjects: 


BIOCHEMISTRY PHYSIOLOGY 
PHARMACOLOGY NEUROANATOMY 
HISTOLOGY PATHOLOGY 


Applications from both recent graduates and PhD or MD or more mature 
individuals. Those taking early retirement may find a period in the Carib- 
bean attractive. " ў 

For histology and pathology young recent graduates PhDs or MDs who 
would like Caribbean environment for a year or two Positions are 
demonstrators. We wish to fill some positions next August, others New 
Year. 

Return tourist air fare paid for'appointee and wife 

For further info apply to: ` 

The Vice Chancellor, 

849 Lullwater Parkway. 

Atlanta, 

GA 30307. "A: 

United States of America. 


Tel: 404-378-0104. (W1873]A 


Classified 18 


AFRC INSTITUTE FOR RESEARCH 
ON ANIMAL DISEASES 


The Institute has a programme of research into infectious 
diseases of cattle and pigs. Two “‘New-Initiative’’ 


appointments, each of 3 years duration, have become available 
within the programme. 


(1) MOLECULAR BIOLOGIST 


Required to join a team carrying out research into the molecular 
basis of virulence in Sa/monella pathogens. Research emphasis 
will be on determining the distribution and precise function in 
various Sa/monella serotypes of a plasmid DNA sequence that 
appears to play a major role in virulence. Ref: 565. ` 


Applicants should have a first or upper second class honours 
degree and PhD. Experience of immunology would be an added 
advantage. 


(2) IMMUNOLOGIST OR VIROLOGIST 


Required to join a project investigating the potential of 
monoclonal antibodies as prophylactic and therapeutic agents 
against respiratory syncytial virus infection. Experience in 
production and characterisation of monoclonal antibodies 
would be an advantage. Ref: 566. 


Students completing PhDs in Autumn 1985 will also be 
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The Department of Pediatrics at the University of California, San Diego 
1s seeking a candidate for a 75% to 8096 time faculty position at the 
Assistant Clinical Professor level in the Division of Adolescent 
Medicine. Position will have the responsibility of attending in 
community Adolescent Medicine Clinics, and work on inpatient and 
outpatient, and teaching residents. Candidate must be able to obtain 
California license and be board eligible or certified in Pediatrics. 
Experience or fellowship training in Adolescent Medicine is desirable. 
Salary will be commensurate with experience and U.C.S.D. policy. 


Interested persons should forward curriculum vitae and the 
names of three references by June 1, 1985 to: Marianne Felice, 
M.D., Director, Adolescent Medicine, Department of 
Pediatrics, UCSD Medical’ Center, Box 3548, San Diego, 
California 92103. The University of California, San Diego is an Equal 
Opportunity/ Affirmative Action Employer (NW1770)A 


considered. 


For further information contact David Baird (ref 565) or 
Jim Stott (ref 566) on 0635 22 411. 

Appointments will be to Higher Scientific Officer grade, salary 
scale £7,435 — £10,039 (under review) depending on qualifi- 
cations and experience. Non-contributory pension scheme. 
The Institute is set in pleasant rural surroundings with canteen 


and recreational facilities. 


The AFRC is an equal opportunities employer. 
Application forms from: Secretary, IRAD, Compton, 


Newbury. RG16 ONN, quoting appropriate ref. 


KINGSTON POLYTECHNIC 
Faculty of Science 


School of Applied Physics 
CEGB LECTURESHIP IN 
APPLIED PHYSICS 


Applicants should have worked in an 
area of physics applications, eg in ap- 
plied optics, environmental measure- 
ment, development of instrumenta- 
tion, which would be of interest to 
CEGB research. 


The person appointed will be re- 
quired to contribute to the teaching 
of the School of Applied Physics up 
ta degree level. He or she will also be 
a recognized member of the ap- 
propriate research team at the CEGB 
Research Laboratories, Leatherhead, 
with access to a comprehensive range 
of equipment and instrumentation, 
and will be expected to carry out 
research both at CEGB and at the 
Polytechnic. 


Salary range LII/SL £8,226 — 
£14,739 including London allowance. 


Details and application forms 
(quoting ref PHB2) from Personnel 
Officer, Kingston Polytechnic, 
Penrhyn Road, Kingston Upon 
Thames КТІ 2EE. Tel 01-549 1366 ext 
287. 


Re-advertisement — previous 
applicants need not re-apply. Closing 
date 1/7/85. (6547)A 


(6562)A 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


DEPARTMENT OF 
BIOCHEMISTRY AND CHEMISTRY 


LECTURESHIP 


Applications are invited for a newly- 
created Wellcome Trust Lectureship 
for 5 years (subject to review after 
three years). 


Applicants should have specific 
interest in research on membrane- 
bound receptors. The successful 
applicant will be expected to develop 
his or her own research programme 
and also to collaborate in related 
research in the Department, and to 
participate in the teaching 
programme. 


Applicants shall not be more then 
35 years old, nor holders of a tenured 
post. Salary on the scale £7,520 — 
£14,925 plus £1,233 London 
Allowance. 


Further particulars may be obtained 
from the School Office RFHSM, 
Rowland Hill Street, London, NW3 
2PF (01-794-0500 ext 4262) to which 
applications, including a curriculum 
vitae, the names of three referees and 
a 500 word summary of the research 
proposed should be submitted by 14 
June. Please quote reference 
JAL/WL/2. (6552)А 


IMPERIAL COLLEGE UNIVERSITY OF DUNDEE 
(University of London) DEPARTMENT OF BIOCHEMICAL 
Physiological Flow Studies Unit MEDICINE 
POST-DOCTORAL Applications are invited for a post as 
RESEARCH ASSISTANT LECTURER IN APPLIED 
FLOW IN DEFORMABLE BIOCHEMISTRY 
POROUS MATERIALS in the above Department based in 


| Support is available for a post- 


doctoral research assistant to under- 
take studies of flow in deformable 
porous materials. The work, which 
has wide relevance, will involve 
experimental studies and numerical 
analysis. The research is supported 
by the BP Research Centre, Sunbury 
(with whom close contact will be 
maintained) but will be carried out at 
the Physiological Flow Studies Unit, 
Imperial College. The appointment is 
for one year but the possibility exists 
of extension for a further year. 


Applications (including curricu- 
lum vitae and names of two referees) 
should be submitted not later than 
27th June, 1985 to Prof. C.G. Caro, 
Physiological Flow Studies Unit, 
Imperial College, London SW7 2AZ. 
For further information, apply to 
Prof. Caro (589 5111 ext. 4082) or Dr 
K H Parker (589 5111 ext. 4085). 

i І (6521)А 


THE MIDDLESEX 
HOSPITAL 
MEDICAL SCHOOL 
London WIP 6DB 


(University of London) 


THE COURTAULD INSTITUTE OF 
BIOCHEMISTRY, AND THE 
DEPARTMENT OF ANATOMY AND 
BIOLOGY AS APPLIED TO 
MEDICINE 


RESEARCH ASSISTANT 


Applications are invited for the post 
of Research Assistant to work on the 
molecular basis of limb development 
in the chick embryo, for two years 
from 1 September. The work is sup- 
ported by the Nuffield Foundation. 
Previous experience in cDNA cloning 
technology is not essential but would 
be an advantage. Applications are 
welcomed from those with postgrad- 
uate experience as well as new 
graduates. 


Applications, together with the 
names of two referees, should be sent 
to either Professor R K Craig at The 
Courtauld Institute, or Professor L 
Wolpert, Department of Anatomy 
and Biology as Applied to Medicine. 

(6535)A 


Ninewells Hospital and Medical 
School. Candidates should have a 
good honours degree in Biochemistry 
or Chemistry, and a higher degree 
with postgraduate experience in 
either immobilisation of enzymes, 
microbiological degradation of 
biochemicals or related topics. The 
Appointee will be expected to under- 
take research and contribute in 
particular to an established MSc 
Course in Analytical Biochemistry. 


The appointment will be made on 
the Lecturer scale (currently £7,520 
— £14,925, but due for review) with 
point of entry dependent on qualifi- 
cations and experience. 


Further Particulars are available 
from The Personnel Officer, The 
University, Dundee DD1 4HN, with 
whom applications (6 copies contain- 
ing full career details and the names 
of three referees) shold be lodged by 
29th June 1985. Please quote refer- 
ence EST/16/856(J). (6518)A. 


‚ UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF OCCUPATIONAL 
HEALTH & HYGIENE 


CHAIR OF 
OCCUPATIONAL HEALTH 
AND HYGIENE 


Applications are invited for the Chair 
of Occupational Health & Hygiene 
which will fall vacant on 1 October 
1985, on the retirement of Professor 
R I McCallum. Candidates should be 
registered medical practitioners and 
hold a higher medical qualification. 
The successful candidate will be 
accorded Honorary Consultant status 
by the Newcastle Health Authonty 
and will be appointed to the headship 
of the, University Department of 
Occupational Health & Hygiene for 
an initial period of five years. 


Applications (15 copies), giving the 
names of not more than three referees 
must be lodged with the Senior 
Assistant Registrar, The Medical 
School, Framlington Place, Newcastle 
upon Tyne NE2 4HH, not later than 
14 June 1985, from whom further 
particulars can be obtained. 
(Applicants from outside the British 


-Isles may submit one copy only) 


(6553)A 
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ANIMAL VIRUS RESEARCH 
INSTITUTE 


HIGHER SCIENTIFIC 
OFFICER BAND 1 


Structure and function of the 
Bluetongue virus genome. 


Applications are invited for the 
above post which will be concerned 
with genetic analysis, cloning and 
sequencing of bluetongue virus 
genomes, . 


This is a-new position within the 
Division of Molecular Biology, 
which is one of three Divisions within 
the Institute and comprises some 20 
-25 scientific staff. 


The appointee would work closely 
with Dr P Mertens in the Bio- 
chemistry Department, who has 
already established the coding 
assignments of bluetongue virus type 
I (See Virology 135, 207-217 1984), 
which is a highly virulent strain 
causing disease in sheep. Clones of 
the virus genome will be obtained 
both for sequencing studies and also 
for use as diagnostic probes for the 
detection of bluetongue virus RNA 
segments. The position. would suit 
someone with a strong background 
in molecular biology. Previous 
experience with viruses is not 
essential. (6494)A 


KINGSTON POLYTECHNIC 
School of Apphed Physics 


RESEARCH ASSISTANT IN 
FIBRE OPTICS 


Required to investigate the Interaction 
of optical signals with lattice vibra- 
tions (Brillouin scattering) in optical 
fibres. The work is directed towards 
the development of fibre-optic sensors 
and is a collaborative project between 
the School and the CEGB Research 
Laboratories, Leatherhead. 


The Assistant will be based at 
Kingston but will work in association 
with a research group at Leatherhead 
and have access to facilities there. 


Candidates should have a good 
Honours degree or should be expect- 
ing to graduate shortly in Physics or 
a related science and will be expected 
to register for MPhil/PhD with 
CNAA 


Salary range £5,859 — £6,588 
including London allowance. 


Details and application ‘forms 
(quoting ref PHBI) from Personnel 
Officer, Kingston Polytechmic, 
„Penrhyn Road, Kingston Upon 
Thames КТІ 2EE Tel 01-549 1366 ext 
287 (6548)A 

















fund. 















UNIVERSITY OF LEEDS 


DEPARTMENT OF CHEMICAL 
PATHOLOGY 
(1n collaboration with 
Department of Genetics) 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for the above 
post to work on the DNA sequence 


diversity of the Y-chromosome of the . 


mouse The appointment will be made 
from 1 October 1985 for a fixed 
period of up to two years 


Candidates with experience of 
recombinant DNA techniques would 
be preferred but previous work with 
mammals is not a requirement. 


Salary on the IA Range for 
Research and Analogous Staff (£7,520 
— £12,150)(under review) according 
to age, qualifications and experience 


Informal enquiries to Dr A р 
Steward (0532 432799 ext 3927) or 
Professor D J Cove (Genetics — 0532 
431751 ext 599) are invited 


Application forms and further par- 
ticulars may be obtained from The 
Registrar, The University, Leeds LS2 
9JT quoting reference number 84/16 
Closing date for applications 13 June 
1985 (6564)A 
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‚ Ill ^. Ца 
ICARDA Eo 


HEAD COMMUNICATIONS AND DOCUMENTATION 


The International Center for Agricultural Research in the Dry Areas (ICARDA) invites 
applications for the position of Head Communications and Documentation to be based at the 
Headquarters in Aleppo, Syria. 5 


RESPONSIBILITIES: 


Direct the Department of Communications and Documentation which is primarily responsible 
for gathering, producing, and disseminating information on the Center's research and training 
activities. Involves writing and editing, production of internal and external newsletters and other 
publications, graphic arts, audio visual presentations, printing and computerized storage and 
retrieval of scientific information. 


QUALIFICATIONS: 


Bachelor of Science or advanced degree in agricultural journalism or closely related field, atleast 
10 years in responsible position tn agricultural information/communication work; some 
international expertence preferred; demonstrated competence in supervision of a staff and 
management of overall agricultural information operations. Knowledge of French desirable. 


CONDITIONS OF APPOINTMENT; 


International tax-free salary based on background and experience; use of car; allowance 
towards housing; annual home leave; non-contributcry medical insurance scheme and pension 


Dae EU. de ak a СОА, 











International Center for Agricultural Research in the Dry Areas 
M 


Candidates should submit two copies of their Curriculum Vitae and samples of work, 
plus names of two referees quoting REF. COMM /1/85. to: 


Dr. Mohammed A. Nour, 
Director General, 
ICARDA, P.O. Box 5466, 
Aleppo, Syria. 


(W1877)A 


THE UNIVERSITY OF LANCASTER 
LOW TEMPERATURE PHYSICS 

A postdoctoral Reseerch Associate is needed to participate in an SERC- 
funded research programme on the breakdown of superfluidity in liquid 

He at mK temperatures The post is tenable from 1 July (or as soon as 
possible thereafter) for up to three years. Salary within the first two 
points of Research 1A scale (£7,520 — £7,980 under review) Informal 
pd may be made to Dr P V E McClintock, tel по 0524 65201 
ext . 


For further particulars and application ШҮ, write to the 
Establishment Office (quoting reference L208/C), University 
House, Bailrigg, Lancaster LA1 4YW, where applications (six 
copies) naming three referees should be sent to arrive NOT 
LATER THAN 21 JUNE 1985. (6602)A 





AN ACTIVE FERTILITY AND IN VITRO PROGRAMME IS DUE 
TO OPEN AT THIS HOSPITAL ON 1st AUGUST 1985 


Applications are invited for the following position, for which date of 
commencement will be by mutual agreement 


TECHNICAL 
ASSISTANT/EMBRYOLOGIST 


The successful applicant will be expected to undertake both routine 
laboratory and research work Research is currently undertaken in 
collaboration’ with MRC (Carshalton) and the Institute of Animal 
Physiology (Cambridge} 

E penence in mammēlan embryology would be desirable and a PhD or 
Sc in reproductive physiology or embryology would be an advantage, 
but is not essential 

The Hospital offers a generous salary and excellent benefit package. 
Applicants should forward_a Curriculum vitae, including the 
names of three referees to: The Personnel Department, Humana 
Hospital Wellington, Wellington Place, London NW8 
Closing Date 22nd June 1985 (6599)A 


-:Jumana Hospital 
Wellington 


Wellington Place London NW8 9LE 
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Classified 20 


ASSISTANTSHIPS 


KINGSTON POLYTECHNIC 


Faculty of Science: 
RESEARCH ASSISTANTSHIPS 


Applications are invited for the following 
Research Assistantships:- 


Post 1 (Ref GP2) 
SYNTHESIS OF NOVEL CROSSLINKED POLYMERS 


This post is with an established group developing new kinds of thermoset- 
ting polymers and studying the relationship between their structure and 


properties. 
Post 2 {Ref GAS 1) 
MECHANISTIC INVESTIGATION OF THE FLAME 
RETARDANT AND SMOKE SUPRESSANT ACTIVITY 
OF SPECIFIC POLYMER ADDITIVES 


This study involves polymer synthesis and analysis of an assessment of 
flammability. Techniques include thermogravimetry, IR and NMR spec- 
troscopy, capillary GC/MS. 

Posts 1 and 2 are the result of Kingston Polytechnic being iden- 
tified as a centre to receive special research funding in science and 
engineering from the National Advisory Body. 


Post 3 (Ref RD1) 
INORGANIC AND PHYSICAL CHEMISTRY 


This post involves the study of paramagnetic vanadium compounds with 
organic molecules and is directed towards the development of new 
organic reactions in the presence of transition metal catalysts. 


Post 4 (Ref CHJW 1) 
PHOTOCHEMISTRY OF PESTICIDES 


This post is to work on research into the effect of light on pesticides The 
research relates to the fate of pesticides and related materials when ex- 
posed to sunlight in the environment, and will provide the opportunity 
to gain experience of a variety of radiochemical techniques and of modern 
spectroscopic methods of structure determination 

Applicants should hold or expect to gain an Honours degree or equivalent 
qualification. 


Research e pri a are normally made for a period of 3 years Salary 
scale £5,859 — £6,588 including London Allowance 


SERC STUDENTSHIPS 


Applications are invited for the following SERC studentships: 


Post 5 (Ref QC 1) 
CHEMISTRY RESEARCH 


The research interests of the department include aspects of organic, 
organometallic, inorganic and polymer chemistry, as well as 
photochemistry and analytical chemistry 


А Post 6 (Ref RD 2) 
INORGANIC AND PHYSICAL CHEMISTRY 


This post is to study the reactivity of metal co-ordinated carbony! ligands 
with antonic nucleophiles in the presence of group 1 metal-crown ether 
complex cations and is directed towards the catalysed synthesis of ox- 
alate esters 

Applicants for these posts should hold or expect to gain at least an up- 
per second class Honours degree or equivalent qualification SE, 
studentships are normally for a period of 3 years and candidates will be 
expected to register for a higher degree. 

Application forms and further details for all the above posts are 
available from the Staffing Officer, Kingston Polytechnic, Penrhyn 
Road, Kingston Upon Thames KT1 2EE. Tel. 01-549 1366 ext 287. 
Please quote reference no. when requesting details. (6549]P 
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UNIVERSITY OF OXFORD 
DYSON PERRINS 
LABORATORY 
Organic Chemistry 


POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIPS 


Applications are invited from 
chemists who have experience in the 
synthesis of natural products and in 
the field of enzymology. 


The appointment is on the RAIA 
scale and would be for one year from 
September 1985, with starting salary 
up to £8,920 pa according to age and 
experience plus USS. 


Applicants with the names and ad- 
dresses of two referees should be sent 
to Professor J E Baldwin, The Dyson 
Pernns Laboratory, South Parks 


Road, Oxford OX1 3QY as soon as . 


possible (6542)P 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF BIOCHEMISTRY 
AND UNIT OF 
MOLECULAR GENETICS 


POST DOCTORAL/ 
POST GRADUATE 
RESEARCH ASSISTANT 


Applications are invited for a SERC 
funded Research Assistantship to join 
a research group actively working on 
the molecular genetics on Drosophila 
melanogaster. The work will involve 
the characterisation of a gene which 
controls pigmentation of the cuticle 
using spontaneous and hybrid dys- 
genesis induced mutants. DNA clon- 
ing, sequencing and in situ hybri- 
disation methods will be employed 


The laboratory 1s well funded and 
this position 1s supported for 3 years. 
Starting salary up to £7,980 p.a 
(Range 1A) Candidates with a PhD 
and experience in nucleic acids and/or 
genetics are preferred; however 
graduates with a good honours degree 
and pertinent research experience will 
be considered at the ВА ІВ level. This 
position can be taken up immediately 


Curriculum vitae along with the 
names and telephone numbers of 
three referees should be sent to Dr 
William Chia, Department of 
Biochemistry, University of Bristol, 
Bristol BS8 ITH. Tel 0272 24161 ext 
1190 as soon as possible. (6567)P 
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FELLOWSHIPS 


MONASH UNIVERSITY 
Melbourne, Australia 


POST-DOCTORAL 
FELLOWSHIPS 


Monash University 15 offering a 
number of Post-Doctoral Fellowship 
positions commencing in 1986 and 
tenable for up to two years in any 
department of the University. Fellows 
will be expected to collaborate in their 
research with a member of the Univer- 
sity staff. intending applicants should 
contact the Chairman of the Depart- 
ment 1n which they wish to work to 
discuss possible areas of mutual 
research interest. 





Appointments will be in the 
Research Fellow I range ($A22,614 — 
$A25,246), but an appointment at 
Research Fellow Grade II level 
($A26,236 — $А 34,467) may be con- 
sidered in exceptional circumstances. 
Reference No 90162 


Applications will only be accepted 


' on the official Application Form. This 


and other details available from the 
Registrar, Mr J D Butchart, Monash 
University, Clayton, Victoria. 3168, 
Australa Applications close 30 
August 1985. б 


An Equal Opportunity Employer. 
(W1884)E 


THE UNIVERSITY OF 
SHEFFIELD 
FACULTY OF MEDICINE 


JG GRAVES MEDICAL 
RESEARCH FELLOWSHIP 


Applications are invited for the 
above Fellowship tenable for a period 
of three years from 1 October 1985. 
The Fellow will be required to under- 
take full-time medical research 1n one 
of the medical or dental departments 
or hospital. Initial salary according 
to qualifications and experience 
within the range £7,520 - £8,920 a 
year. Additional funds may be 
available for the Provision of labor- 
atory assistance and materials. 


Further particulars from the Per- 
sonnel Department (Academic Staff- 
ing), the University, Sheffield S10 
2TN to whom applications (10 
copies), including the names and 
addresses of three referees, (indi- 
cating the line of research proposed), 
should be made by 17 June 1985. 
Quoteref: R269/G. (6588)E 





LA TROBE UNIVERSITY 
Melbourne, Australia 


LA TROBE RESEARCH 
FELLOWSHIPS 1985/86 


Applications for Research Fellowships 
are invited from persons who have 
gained doctoral or equivalent quali- 
fications within the last five years A 
project must be proposed by an appli- 
cant and should ideally be in collabor- 
ation with a La Trobe University re- 
search worker or team of the appli- 
cant's choice, that is, it should 
complement an existing area of re- 
search at La Trobe. 


Fellowships will be awarded for an 
initial period of 12 months with the 
possibihty of renewal for a further 
maximum period of 12 months. 


Salary offered is within the range 
of $A22,614 — $A26,236 


A Fellowship will not be awarded 
to an applicant who holds a per- 
manent appointment 


Prospective applicants should note 
that application must be made on the 
University's form which will be sent 
on request together with a copy of the 
Conditions of Award. 


Enquirers should briefly indicate 
the research discipline of interest to 
them The closing date for appli- 
cations 1s 30 September 1985 For 
further information, write to the Staff 
Officer, La Trobe University, Bun- 
doora, Victoria 3083, Australia 

(W1883)E 
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FELLOWSHIPS continued 


EMBO 
EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 


in molecular biology 


The European Molecular Biology Organisation awards, to scientists 
working in Europe and Israel in the field of molecular biology and allied 
disciplines, short term fellowships of one week up to three months 
duration. The fellowships are to support collaborative research 
between laboratories in different countries and provide a travel grant 
and subsistence allowance. Applications may be made at any time and 
are decided upon soon after the receipt of application 


Applications for exchanges between laboratories within any one 
country cannot be considered. Fellowships involving transatlantic 
travel are awarded only in extremely exceptional circumstances. 

Application forms and further details may be obtained from Dr 


J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022 40, F.R.G. (W1577)E 


UNIVERSITY OF YORK 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a Post- 
doctoral Fellowship for work, in 
association with Professor R E 
Hester, on the spectroscopic deter- 
mination of secondary structure in 
proteins. Laser Raman spectroscopy 
will be the principal techniques used 
in this work, a part of which will take 
place at the SERC central laser 
facility m the Rutherford Labor- 
atory, near Oxford. Applicants 
should have experience їп protein 
biochemistry and/or vibrational 
spectroscopy. 


The post is available immediately 
for a period of two years. Salary 
within the IA range — £7,520 to 
£12,150 pa, with USS. 


Two copies of applications, with 
full curriculum vitae and naming two 
referees, should be sent as soon as 
possible to Professor R E Hester, 
Department of Chemistry, Univer- 
sity of York, Heslington, York YO! 
SDD. Please quote reference number 
11/6206. (6591)E 





LUDWIG INSTITUTE FOR 
CANCER RESEARCH 
(Cambridge Branch) 


POST-DOCTORAL FELLOW 


Applications are invited for a post- 
doctoral fellowship in the laboratory 
of Dr A R MacLeod to work on the 
molecylar biology of human cyto- 
skeletal tropomysins. The 
Cambridge branch of the Ludwig 
Institute is situated adjacent to the 
Laboratory of Molecular Biology 
and offers the opportunity to Join a 
young group working in a stimulating 
academic environment. The position 
is tenable from 1 January 1986 or as 
Soon as possible thereafter for a 
period of two years with the 
possibility of a year's renewal. Salary 
is commensurate with experience on 
the Grade II (non-clinical) scale- 
(£11,205 max). 


Applications including a CV and 
names and addresses of two referees 
should be sent to The Administrator, 
Ludwig Institute for Cancer 
Research, MRC Centre, Hills Road, 
Cambridge CB2 2QH, England. 

(6473)E 


STUDENTSHIPS 


UNIVERSITY OF GLASGOW 
BIOTECHNOLOGY UNIT 


SERC CASE STUDENTSHIP 
— ICI 


To clone and study expression of 
resistance and production genes from 
Streptomyces for an antibiotic of 
interest to ICI. The project is super- 
vised jointly by Dr I S Hunter 
(Glasgow) and Dr P Groves (ICI, 
Corporate Lab, Runcorn). 


Applicants should have, or expect 
to obtain, a first or upper second class 
honours degree in a related biological 
science. interviews will be conducted 
towards the end of June. 


Applications (CV and names of 
two referees) should be sent to Dr I S 
Hunter, Institute of Genetics, 
Church Street, Glasgow С11 SJS, 
befere June 13th, 1985. (6596)Р 





LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
Wolfson Unit 


PhD STUDENTSHIPS 


Available immediately for research on 
the molecular biologv/immunology of 
ihe viral agents of hepatis and 
dengue. 


For further details send full cur- 
riculum vitae, naming three profes- 
sional referees, to the Registrar, Lon- 
don School of Hygiene and Tropical 
Medicine, Keppel Street, London 
WCIE 7HT (6539)F 
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LONDON SCHOOL OF HYGIENE 
& TROPICAL MEDICINE 


(UNIVERSITY OF LONDON) 
KEPPEL STREET, LONDON, WC1E 7HT 


MRC Studentship 


Applications are invited for a three year MRC Research 
Studentship tenable from October 1985. The project will be 
concerned with comparative studies on the immunology of 
Schistosoma mansoni and S. japonicum with emphasis on the 
identification of the "protective" antigens and cloning of the 
corresponding antigen genes. 


This work will be carried out in part at Winches Farm Field 
Station, but mainly in the School's Wolfson Unit for Molecular 
Medical Microbiology and Parasitology in London. 


Applicants, who must hold, or hope to obtain in June 1985, 
a first or upper second class honours degree in Molecular 
Biology, Microbiology or Biochemistry, will be registered for 
a PhD degree. 


Applications consisting of full C. V. and naming two 
referees should be sent to Dr Q.D. Bickle, London School 
of Hygiene and Tropical Medicine, Winches Farm Field 
Station, 395 Hatfield Road, St. Albans, Herts AL4 0XQ. 

(6605)F 


DEPARTMENT OF PHARMACY 


Applications are invited for the 
following SERC CASE Awards: 


1 Difussion of antibiotic molecules through biopolymer gels, in con- 
junction with Beecham Pharmaceuticals Research Division; 

2 Evaluation of the ciliotoxicity of pharmaceuticals, in conjunction with 
the Wellcome Foundation. 


Applicants should possess a good honours degree in Pharmacy, 
Physiology, Biochemistry or a related discipline. Normal SERC 
conditions apply and candidates will be expected to register for a higher 
degree. 


Further information and forms of application may be obtained 
from Personnel Department, Brighton Polytechnic, Mithras 
House, Telephone: Brighton 693655 Ext. 2536. Closing date 4 


June 1985. 


QUEEN MARY COLLEGE 
(University of Lendon) 
SCHOOL OF BIOLOGICAL 
SCIENCES 


SERC CASE 
STUDENTSHIPS 


Applications are invited for SERC- 
CASE Studentships in the following 
areas. 


1. Microbial Ecophysiology/Bi1o- 
chemisty (Dr J P Robinson) 


Investigation of the anaerobic 
decomposition of chlorinated 
hydrocarbons by bacteria in land-fill 
will be carried out in collaboration 
with Dr R Sleat, BioTechnica Ltd, 
Cardiff. The work will involve 
characterisation of anaerobic decom- 
position processes using a wide variety 
of microbiological and analytical 
techniques including GLC and 
HPLC 


(6612)F 





2. Plant 
Heathcote) 


The isolation, purification and 
characterisation of acetyl-CoA car- 
boxylase from spinach leaf chloro- 
plasts will be undertaken in collabo- 
ration with Dr A P Slabas, Unilever 
Research. The possible regulation of 
leaf and seed lipid synthesis by dif- 
ferent forms of enzyme will be 
investigated 


Biochemisty (Dr P 


Applications including a current 
curriculum vitae and the names of two 
referees should be sent as soon as 
possible to Dr J P Robinson or 
Dr P Heathcote, School of Biological 
Sciences, Queen Mary College, Mile 
End Road, London El 4NS. 
Applicants should have or expect to 
have a first or upper second class 
honours degree in a relevant subject 
area (6574)F 


абы an mann WO 
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UNIVERSITY OF KENT 
AT CANTERBURY шиши 


BIOLOGICAL LABORATORY 
Applications are invited for the 
following two SERC CASE stu- 
dentships under the supervision 
of Dr R B Cain. . : 
U) in collaboration with Castrol 
Research Laboratories, Pang- 
bourne, to investigate the meta- 
bolic fate in soil and activated 
sludge of synthetic two-stroke 
motor lubricants with particular 
reference to the enzymes invol- 
ved in degrading branched chain 
hydrocarbon residues. 

(ii) in collaboration with the 
Glasshouse Crops Research Insti- 
tute, Littlehampton, to examine 
the physiology, biochemistry and 


enzymology of lignin and ligno- 
cellulose degredation by edible 
fungi, including the common 
mushroom Agaricus 

These projects both complement 
existing research programmes 
with research grant support. 


Applicants should either hold, or 
expect to obtain in 1985, at least 
an upper second-class Honours 
degree in an appropriate subject 
area Applications with the 
names of two referees, or with 
references enclosed, should be 
directed without delay to the 
Assistant Registrar, Faculty of 
Natura! Sciences, Chemical Lab 
oratory. University of Kent, 
CANTERBURY, CT2 7NH from 
whom further details are avall- 
able Please quote ref: PG12/85 
(6561)F 








UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF ORGANIC 
CHEMISTRY 


SERC CASE AWARD 


Applications are invited for an SERC 
CASE studentship (Cambridge 
Research Biochemicals collaborating 
company), to work on a project en- 
titled **New Methods for the Con- 
Jugation of Peptides’’. 


The successful applicant will carry 
out studies leading to the degree of 
PhD under the supervision of Dr I J 
Galpin. The work will involve solid 
phase peptide synthesis and conjuga- 
tion of synthetic peptides to protein 
carriers in order to facilitate antibody 
generation. 


Although biological aspects of the 
programme will be carried elsewhere, 
the apphcant will acquire a good 
knowledge of the synthesis and 
manipulation of peptides and proteins 
and will join a group working on 
various aspects of peptide chemistry 


Applicants should possess or expect 
to receive a First or Upper Second 
Class Honours Degree in Organic 
Chemistry, although Honours 
Graduates from other disciplines, 
such as biochemistry maybe con- 
sidered providing they have sufficient 
background and knowledge of 
organic chemistry. 


' Applications, together with the 
names of two referees should be 
received as soon as possible by The 
Registrar, The University, PO Box 
147, Liverpool L69 3BX. Quote ref 
RV/283 (6559)F 








UNIVERSITY OF LONDON 
Institute of Psychiatry 


DEPARTMENT OF PSYCHOLOGY 
SERC RESEARCH 
STUDENTSHIP 


Applications are invited for a 
research studentship, leading to a 
PhD D,tenable for 3 years from 
October 1985. Applicants should 
hold or expect to receive a first or 
upper second class Honours degree 
and have a background in psychology 
ora branch of neurobiology. The suc- 
cessful candidate wil] join a research 
group that aims to apply the tech- 
niques of contemporary neuro- 
biology to the study of the control of 
behaviour by the brain. The group 
collaborates closely with the 
Departments of Biochemistry and 
Neuropathology and training 1s 
available in a range of appropriate 
techniques. 


Applicants should write to 
Professor J A Gray, Department of 
Psychology, Institute of Psychiatry, 
De Crespingy Park, Denmark Hill, 
London SES 8AF, giving details of 
their curriculum vitae, the names of 
two referees and an indication of 
their preferred field(s) of research. 
Closing date for applications: 7 June 
1985 (6520)F 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF BIOCHEMISTRY 
SERC CASE STUDENTSHIP 


Applications are invited for a student- 
ship leading to the degree of PhD on 
“Controlled proteolysis of the sweet 
protein — thaumatin" The col- 
laborating body of Tate and Lyle, plc 
and the industrial supervisor 1s Dr P 
B Rodgers Candidates should possess 
or expect to receive a Ist or upper 2nd 
class degree in Biochemistry or a 
related subject. 


Applications, together with the 
names of two referees should be 
received as soon as possible by The 
Registrar, The University, PO Box 
147, Liverpool L69 3BX Quote Ret: 
RV/279 (6538)F 


UNIVERSITY OF 
SOUTHAMPTON 


Faculty of Medicine 
RESEARCH STUDENTSHIP 


Applications are invited for a 
University Research Studentship for 
3 years in the Clinical Pharmacology 
Group The student should have (or 
expect to obtain) a First or Upper 
Second Class Honours Degree in 
Pharmacology, Biochemistry or 
related Biological Sciences and will 
register for a PhD. The project will 
investigate the processes involved in 
hormone production (including 
prostaglandins and leukotrienes) in 
gastrointestinal disease. Further in- 
formation can be obtained from Dr К 
Hillier, 0703 559122 Ext 4264. The 
grant will be at the appropriate MRC 
scale rate. 


Applications giving full cv and the 
names and addresses of two referees 
should be sent as soon as possible to 
Dr K Hillier, Clinical Pharmacology 
Group, University of Southampton 
Bassett Crescent East, Southampton, 
SO9 3TU. Please quote ref no 
AJS/85/32. (6525)F 


THE UNIVERSITY OF 
SHEFFIELD 
Amorphous and Crystalline 
Quantum Well Semiconductors 


DEPARTMENT OF PHYSICS 


SERC PhD STUDENTSHIP 


Applications are invited from grad- 
uates with a class I ог 11 1 Honours 
degree in Physics, Materials Science 
or Electromc Engineering, for an 
SERC information Technology 
award, to study luminescence in 
extremely thin layer structures of 
amorphous silicon which show 
quantum size effects Comparative 
studies on GaAs superlattices will be 
included. The successful candidate 
will join an established group in the 
field of amorphous semiconductors 
especially interested in the study of 
photo-and electro-luminescence, 
using lasers and related opto- 
electronic techniques. We are chiefly 
interested in recombination mechan- 
1sms and photo induced defects This 
work 15 being extended to include 
quantum size effects in both 
amorphous silicon and crystalline 
HI-V semiconductors. The group 
collaborates actively with a number 
of workers in the device field The 
project will involve a wide range of 
solid state techniques with emphasis 
on the physics of these materials. 
Tenable from 1 October 1985. 


Applications with the names of 
two referees should be sent to Pro- 
fessor 1 С Austin, Department of 
Physics, The University, Sheffield 
510 2TN by 6 June 1985. Quote ref: 
R268/G. (6585)F 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF MEDICAL CELL 
BIOLOGY 


PhD STUDENTSHIP ON THE 
MOLECULAR 
MECHANISMS OF CELL 
MOTILITY 


A University of Liverpool post- 
graduate studentship (same con- 
ditions as MRC studentship) is 
available from October 1985 to work 
in a group studying the molecular 
mechanisms of non-muscle cell 
motility. Interests of the group 
include the cellular regulation of 
actin filament assembly and the 
mechanisms by which the spatial 
organisation, polarity and anchorage 
of filaments 1s determined during cell 
motility. 


The project will involve the 
development of experimental 
approaches to the study of possible 
myosin-independent movement 
resulting from the polymerisation of 
actin filament bundles and the 
Donnan-induced shape changes in 
cross-linked actin filament networks. 
Studies with purified proteins will be 
correlated as far as possible with the 
cellular behaviour of actin filament 
networks 1п cells. Informal enquiries 
may be made to Dr P Sheterline, Tel 
051-709 6022 ext 2842. 


Applications, together with the 
names of two referees, should be 
received as soon as possible by The 
Registrar, The University, PO Box 
147, Liverpool L69 3BX. 


Quote Ref: RV/288/N. (6586)F 





UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF BIOCHEMISTRY 
SERC CASE STUDENTSHIP 
IN PROTEIN 
MODIFICATION AND 
DESIGN 


Applications are invited for a three- 
year Postgraduate Case Studentship 
with G D Searle and Co Ltd, leading 
to the degree of PhD at the University 
of Nottingham, from Students who 
have or expect to obtain a First or 
Upper Second Class Honours Degree 
in Molecular Biology, Biochemistry or 
a related biological subject. 


The proposed Project is directed 
towards an investigation of two animo 
transferase enzymes and will offer 
training in a range of biochemical, 
molecular biological and genetic 
techniques. In particular it will involve 
oligonucleotide directed mutagenesis, 
recombinant and DNA technology 
protein purification, enzymology and 
computer modelling. 


The research will be supervised by 
Dr R E Glass ın collaboration with Dr 
M G Hunter of G D Searle and Co 
Ltd. The student will be expected to 
spend part of the ume in G D Searle's 
Laboratories at High Wycombe 


Applications, including two copies 
of a curriculum vitae and the names 
of two referees should be sent by 14th 
June 1985 to Dr R E Glass, Depart- 
ment of Biochemistry, University of 
Nottingham, Queens Medical Centre, 
Nottingham, Notts, NG7 2UH. Tel 
0602 700111 ext 3395 


Informal enquiries should be 
directed to Dr M С Hunter. Tel 0494 
21124 ext 3401. (6569)F 


JOHN INNES INSTITUTE 


GRADUATE 
STUDENTSHIPS IN PLANT 
VIROLOGY 


Three studentships are offered for 
prospective PhD students in the De- 
partment of Virus Research of the 
John Innes Institute. The research 
topics are (i) Strain differentiation in 
Beet Yellow Virus (Dr R Hull), (ii) 
Molecular biology of a tobravirus 
(Dr J W Davies in collaboration with 
Dr K R Woodin Birmingham Univer- 
sity), (m) Changes ın host gene 
expression in virus-mfected plant 
tissue (Dr A S Maule). 


The John Innes Institute is 
affiliated with the nearby University 
of East Angha and graduate students 
working here are entitled to use all the 
academic and social facilities of the 
University as well as the excellent 
facilities of the Institute. 


Prospective applicants should 
write to the project supervisor for 
further details. The financial 
arrangements for the studentships 
will be the same as those of the usual 
Research Council Studentships 
Applications, with full cv, should be 
sent to the Secretary, John Innes 
Institute, Colney Lane, Norwich 
NR47UH. (6543)F 
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UNIVERSITY OF DURHAM 


DEPARTMENT OF ZOOLOGY 
RESEARCH STUDENTSHIP 


Applications are invited from candi- 
dates, preferably with an interest in 
Cell Biology, who hold or expect to 
be awarded at least 2:1 honours in 
Biology or Biochemistry for a North 
of England Cancer Research Cam- 
paign Studentship to study the 
relationship between the thermal 
sensitivity of tumour cells and the 
biochemistry of the tumour cell 
membrane. The award is for 3 years 
from October 1985 and the successful 
candidate must register for a higher 
degree. 


Applications (curriculum vitae and 
2academic referees) should be sent by 
31 May 1985 to Professor K Bowler, 
Department of Zoology, Science 
Laboratories, South Road, Durham, 
DHI3LE. (6528)F 


_ THE UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF ZOOLOGY 
RESEARCH STUDENT IN 
NEUROBIOLOGY 


Applications are invited for a re- 
search studentship, which has been 
awarded by SERC for research in 
Invertebrate Neurobiology. Research 
interests are in the physiology of 
synaptic transmission between visual 
neurones in insects, and in the roles 
which identified neurons play in the 
control of behaviour. The student- 
ship is tenable for three years from 
October 1985. Candidates are 
required to obtain a Ist Class or 
Upper Second Class Honours Degree 
in Zoology or Physiology. 


Applications, with the names of 2 
academic referees, or requests for 
information to be sent as soon as 
possible to: Dr P J Simmons, Depart- 
ment of Zoology, The University, 
Newcastle Upon Tyne NEI 7RU. 

(6532)F 


UNIVERSITY OF 
BRADFORD 


SERC/CASE RESEARCH 
STUDENTSHIP IN 
CHEMISTRY 


Applications are invited for the 
above studentship in collaboration 
with UKAEA, Windscale, from 1 
October, 1985 leading to a PhD. The 
project involves the application of 
Raman microscopy to chemical prob- 
lems associated with nuclear reactors 
and the feasibility of using remote 
control Raman microscopy for the 
in-situ study of radioactive materials. 
Applicants must hold or expect to 
gain a first or upper second class 
Honours Degree in Chemistry or its 
equivalent. 


Applications, including the names 
and addresses of two academic 
referees and a CV should be sent to: 
Professor D A Long/Dr H G M 
Edwards, Molecular Spectroscopy 
Unit, School of Chemustry, Uni- 
versity of Bradford, W Yorks BD7 
1DP. (6583)F 








UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF PLANT BIOLOGY 
OPPORTUNITIES FOR 
POSTGRADUATE STUDY 
COMMENCING 
OCTOBER 1985 


Studentships are available for PhD 
study in the following research areas 
or projects. 


1) NERC (CASE) with Dr B 
Leadbeater, on the turnover of 
organic matter in the sea by 
heterotrophic chrysomonads (in 
collaboration with Marine Biological 
Association), 


2) SERC (CASE) with Dr M T 
Jackson and Prof J A Callow, on the 
physiology and genetics of the non- 
blackening character of wild 
potatoes. 


3) SERC (CASE) with Dr B 
Leadbeater and Dr T R Bott (Dept of 
Chemical Engineering), on the use of 
ozone as a biocide in water systems 
(in collaboraton with Ozotech Ltd). 


4) SERC (CASE) with Dr B 
Leadbeater, on the physiology of 
movement and structure of the 
haptonema in coccolithophorid algae 
(in collaboration with Marine Bio- 
logical Association). 


$) Department Studentship in 
Plant Genetic Resources, to work on 
one of the following aspects of plant 
genetic resources; isoenzymes and 
genetic diversity of potato, regu- 
lation of metabolic activity in 
recalcitrant seeds, anther culture in 
breeding of Alliums, promotion of 
germination in hard seeds in relation 
to genebank activities. Applications 
in this case should be addressed to 
Prof J A Callow. 


Applicants should possess a first or 
upper second class honours degree in 
an appropriate biological subject. 
Applications (2 copies including cv) 
should be addressed directly to the 
Supervisors indicated and further 
details may be obtained from them at 
the following address. Dept of Plant 
Biology, University of Birmingham, 
PO Box 363, Birmingham B15 2TT. 

(6544)F 





UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF BIOCHEMISTRY 
SERC STUDENTSHIP 
October 1985 


Applications are invited for a 
studentship expected to lead to a PhD 
degree for research on inherited bio- 
chemical lesions resulting in keto- 
acidosis in humans. The work will 
involve cultured skin fibroblasts 
from affected and unaffected indi- 
viduals. Applicants will need a first or 
upper second class honours degree in 
Biochemistry or a closely related 
subject. 


Applications including curriculum 
vitae and names of two academic 
referees to Dr B Middleton, Depart- 
ment of Biochemistry, University of 
Nottingham Medical School, 
Queen’s Medical Centre, 
Nottingham NO72UH. (6530)Е 
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UNIVERSITY OF KENT 
AT CANTERBURY BERN 


Biological Laboratory 


The following research studentships for postgraduate research are available in the Biological 


Laboratory 
degree 
SERC Quota Studentships: 


pplicants must have, or hope to омат, an upper second or first class honours 


1 Molecular Biology of Microtubules Differential Expression of a Tubulin Multi-Gene Fami- 


у DRK GULL 


2 The Bioenergetics of Methanogenic Bacteria DR! SALMON 
3 Regulation of Bacterial Secondary Metabolite Production DR A W BUNCH. 


SERC CASE Studentships’ 


4. Disulphide Bonds and Conformation of Recombinant Proteins 

DR А В FREEDMAN with DR J E FITTON, ICI Pharmaceuticals, Alderly Edge 
5 Differential Gene Expression in a Eukaryotic Microbe 

DR K GULL with DR В COX, MRC Laboratory, Mill Hill 


SERC Biotechnology Directcrate Studentships 


6 Physiology of Immobilised Steroid-Transforming Fung) PROFESSOR A T BULL 
7 Catalysis by Redox Enzymes in Water/ Oil Microemulstons. 


DR А В FREEDMAN and DR В Н ROBINSON 


NERC Studentships 


8 Use of Monoclonal Antr2odies for Distinguishing Hyphae of Root infecting Fungi 


DR P JEFFRIES and DR K GULL 


Applicants should indicate the projects for which they wish to be considered and should submit 
a curriculm vitae together with the names of two referees to the Assistant Registrar, Faculty of 
Natural Sciences, Chemical Laboratory, The University, Canterbury, Kent CT2 7NH from whom 
further details are available on request Please quote ref PG11/85 








SOUTH MANCHESTER 
HEALTH AUTHORITY 


Christie Hospital & Holt 
Radium Institute 


PATERSON 
LABORATORIES 


DEPARTMENT OF BIOCHEMICAL 
GENETICS - 


SERC/CASE 
RESEARCH STUDENTSHIP 


Applications are invited from can- 
didates with, or expecting to gain, a 
good honours degree in Biological 
Sciences for this 3 year project leading 
to a PhD degree The project is con- 
cerned with the study of gene expres- 
sion їп differentiation and will involve 
the use of viral vectors to introduce 
cloned genes into recipient cells and 
is in collaboration with ICI Phar- 
maceuticals Division, Alderley Edge, 


, Cheshire. 


Applicants should have a strong 
interest in Molecular Biology and 
submit their cv with the names of 
two referees as soon as possible 
to Dr John Brennand, Department of 
Biochemical Genetics Lab 5, 
Paterson Laboratories, Christie 
Hospital, Wilmslow Road, Man- 
chester M20 9BX. (6560)F 


UNIVERSITY OF 
LEICESTER 


{ icester 
“(yiocenire 
POSTGRADUATE 
STUDENTSHIP 


Applications are invited for a 
studentship in the Leicester 
Biocentre, tenable from October 
1st 1985. 

The research would be in the 
challenging area of Molecular 
Biology and Genetic Engineering 
of Micro-organisms. The Bio- 
centre is currently placing 
emphasis on exploiting this 
rapidly advancing technology for 
application to commercial pro- 
cesses. 

Applicants should write 
enclosing curriculum vitae 
and names of two referees to: 
Mrs Sylvia Dexter, Secretary, 
Leicester Biocentre, Univer- 
sity of Leicester, University 
Road, Leicester LE1 7RH. Tel 
No: Leicester (0533) 551234 Ext 


Previous applicants for this year’s 
studentships at the Biocentre 
need notapply. 6598]F 





BIRMINGHAM GENERAL HOSPITAL 
University Department of Medicine 
SERC — CASE RESEARCH 
STUDENTSHIP 


The project is to investigate factors influencing the response of patients 
with chronic suppurative chest disease to antibiotic therapy. These 
include antibiotic penetration and &-lactamase production and will 


necessitate the development of suitable immunological assay systems 
which will be undertaken, in part, at the laboratores of Beecham 
Pharmaceuticals. 


Candidates should passess, or expect to obtain, a first or upper second 
class honours degree in a suitable subject. Three copies of the 
application should be sent as soon as possible to Ог D. Burnett, Clinical 
Teaching Block, белега! Hospital, Steelhouse Lane, Birmingham, 
Telephone: (021) 236 9922, who can also supply further information 


(6545)F 
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CONFERENCES and COURSES AWARDS 





An International Conference on 


Methods in Protein Sequence Analysis 


will be held in Seattle, Washington 
August 17—21, 1986 


This ts the sixth in a series of conferences focused on 
methodological problems and progress in analyses of 
protein structures. Topics will include: 


Die Wilhelm und Maria Meyenburg-Stiftung verleiht den 
` Meyenburg-Preis 1985 


für hervorragende Forschungsarbeiten auf dem Gebiet der 


Krebstherapie 


Die Ausschreibung richtet sich an Wissenschaftler und Arzte, die in der 
Grund-lagenforschung der Krebstherapie oder in der klinischen Krebs- 
therapieforschung arbeiten. 


Der Meyenburg-Preis ist mit 25 000,-- DM dotiert. Die Mittel sind zur 
Forderung der Forschungsarberten des Preistragers gedacht 

Um den Meyenburg-Preis konnen sich Wissenschaftler, die in 
Deutschland arbeiten, bewerben oder dafür vorgeschlagen werden. 
Mit der Bewerbung bzw. mit dem Vorschlag sind die 
Veroffentlichungen' oder 1m Druck befindlichen Arbeiten der letzten 
dre! Jahre, gegebenenfalls auch fruhere wesentliche 
Veróffentlichungen im Original sowie ein Veroffentlichungsverzeichnis 
einzureichen. Eine kurze zusamenfassende Darstellung der eigenen 
Arbeiten sowie des wissenschaftlichen Werdegangs sind beizufügen. 
Uber die Preisvergabe entscheidet der Vorstand der Wilhelm und Maria 
Meyenburg-Stiftung. Er wird dabei von einem Gutachtergremium 
















Fragmentation, purification and degradation techniques 
Methods of microsequence analysis 
Relationship of DNA and protein sequencing 
Posttranslational modifications 
Comparison of homologous proteins 


Scientific Advisory Board 
К. Bremann, МІТ 
J. D. Сарға, U of Texas, Dallas 


M.-A. Coletti-Previero, INSERM U, Montpellier 
M. Elzinga, Brookhaven 
A. Henschen, Max-Planck-Institute, Munich 
M. Hermodson, Purdue U 
M. Hunkapiller, Applied Biosystems 
K. Imahori, U of Tokyo 
H. Jornvall, Karolinska Institute 
Н. Neurath, U of Washington 
H. Niall, U of Melbourne 
Y. Ovchinnikov, Shemyakin Institute, Moscow 
R. Perham, Cambridge U 
F. Wold, U of Texas, Houston 


For additional information and application please contact: 


Dr. Kenneth A. Walsh 

Department of Biochemistry, 5—70 
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The skull is that of a new member of the 
Tritylodontidae — the last of the great mammal reptiles 
of the Jurassic. Its distinct morphological features have 
clarified evolutionary relationships between members 
of the family and these are discussed on p.398. 
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on what is to be submitted. 


Manuscripts may be submitted either to London о! 
Washington (decisions being made only in Londo: 
Manuscripts should be typed (double spacing) on one 
side of the paper only. Three copies are required, eac 
accompanied by copies of lettered artwork. No titi 
should exceed 80 characters in length. Reference lis! 
figure legends, etc. should be on separate sheets, all 
which should be numbered. Abbreviations, symbols, 
units, etc. should be identified on one copy of the: 
manuscript at their first appearance. 


References should appear sequentially indicated b 
superscripts in the text and should be abbreviaté 
according to the World List of Scientific Periodicals, 
fourth edition (Butterworth 1963-65). The first and last 
page numbers of each reference should be cited 
References to books should clearly indicate t| 
publisher and the date and place of publicatio 
Unpublished articles should not be formally referred to 
unless accepted or submitted for publication, but ni 
be. mentioned in the text. 


Each piece of artwork should beclearly marked with ihe 
author's name and the figure number. Original artwo: 
should beunlettered. Suggestions for cover illustrations 
are welcome. Original artwork (and one copy of the 
manuscript) will be returned when manuscripts cannot 
be published. 
Requests for permission to reproduce material fro í 
Nature should be accompanied by a self-addressed 
fand, in the case of the United Kingdom and United 
States, stamped) envelope. ; 
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Robapharm has а 50 years 
tradition in biological 
research. The company today 
is highly active in biotech- 
nology and provides scientists 
with rare monoclonal anti- 
bodies throughout the world. 
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The new challengers 
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Special monoclonal antibodies 


against 


in diagnostics 
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Endothelial cells 
pd 
Smooth muscle cells 


Macrophages 
і 


These antibodies represent 
new tools for research on the 
vascular endothelium and 

on mononuclear phagocytes 
and shall be useful in 
diagnosis of endothelial cell 
tumors, pathological changes 


Robapharm AG 
Biotechnological Division 








of the vessel wall (athero- 
Sclerosis) and various 
inflammatory cell infiltrates. 





St. Alban-Rheinweg 174 
CH-4006 Basel/Switzerland 
Telephone 061.42 00 70 
Telex 62 939 





You 


Work With 
Many Cell Types. 


So Does 


Opti-MEM I. 


cing the First 
— Reduced 
Serum Medium. 


Only Opti-MEM'" I supports optimal growth with reduced 
fetal bovine serum for a wide variety of mammalian cells. Most 
cells routinely cultured in serum-supplemented medium may be 
directly transferred into Opti- MEM™ I with a minimum of 50% 
reduction in serum. In addition to its versatility, many other 
unique features make Opti-MEM™ I the optimal choice for most 
cell culture needs. 

High performance. Opti-MEM™ I actually outperforms 
ordinary serum-supplemented media in many applications. 

Stringent testing. Opti-MEM'" I is performance-tested for 
cloning efficiency and growth promotion using various 
mammalian cell types, including murine myelomas, hybridomas 
and adherent cultures. In addition, Opti-MEM'" I is tested for 
pH, osmolality, endotoxin level and bacterial/fungal sterility. 

Stability. Opti- MEM™ I has a shelf life of six months from 
date of manufacture. 

Ease of preparation. Opti- MEM™ I is ready for use in 
only three steps: add 2-mercaptoethanol (included); mix 
thoroughly; and add fetal bovine serum. 


Opti-MEM" 


05m! 2 ra 
No 670-1985) before use 
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Economy. Opti-MEM"" I not only decreases the amount of fibr 
costly serum needed, it also is less expensive than most other Г , hit ej) (ene 
reduced serum media. primary | кг embry 

For more information about Opti-MEM™ I, including perfor- yat ard hams iis 
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Schwarz/Mann Biotech Announces: 


ACRYLAMIDE, Ultra Pure 


Electrophoresis Grade 


Our new Ultra Pure Acrylamide for electrophoresis is prepared by a recently developed 
hree-fold recrystallization process. This new Acrylamide produces crystal clear solu- 
ions and transparent gels. The Acrylamide's performance has been checked in func- 
ional tests such as electrophoresis in Laemmli SDS PAGE gels. 


Specifications: 

Formula: CH,:CH.CO.NH, 

Molecular Weight: 71.08 

Purity: > 99.9% 

E75. (290nm): < 0.10 

Acrylic Acid: <0.001% 

Insoluble matters (in H,O): <0.001% 


Our NEW Biotech Catalog is now 
available. Request your free copy 


today. 





reagent, or on any other please call or 
write: 

Schwarz/Mann Biotech 
Division of ICN Biomedicals, Inc. 
P.O. Box 965 

Cambridge, MA 02142 


(800) 431-2800 


In Massachusetts, call collect: 
(617) 492-6677 
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For more information on this Ultra Pure 
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Pharmacia’ s FRAC-100 fraction collector 


Do you need a simple inexpensive collector or the most advanced programmable 
fraction collector – get both with the FRAC-100. 


Do you need fast tube changes and 
microliter collection volumes or is it 
20 ml fractions from a 2 liter column? 
The FRAC-100 does both. 


Do you need data handling and 
integration capabilities or do you want |. 
to choose from eight different collection 
modes and six fractionation 
parameters? The FRAC-100 does both. 





Your everything solution in fraction collection is from Pharmacia. 


e) Pharmacia 


Contact us today. prece 


$-751 82 Uppsala, Sweden 
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For over 10 years researchets have | 
| recognized [HyClone “defined” sera as the | 
[standard-by-whieh-quality-sera-are judged 
| HyClone is the only sera with all ofithe fol- | 

lowing advantages: 
| |e Low levels f endotoxin 

Low evels-of hemoglobin 

Triple 0,1 um filtration 

Over 200 biochemidal assays 
—Protection-tgainst-photpoxidation—+ 


1—1-HyClane defined-sera-are-available-inz- 
|fetal bovine, calf bovine, and equine. | _ 

| HyClone Laboratories 

+ 4725-South-State-Hwy 89-94 

Logan, Utah 84321 


+ Fer free 
40 ml 
samples 
please call 
ris-toll-free—! 
1-800-H yClone 
11492-56631—1 
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HyClone 


FETAL Bovine SERU" 





Reader Service No.54 

















Electro Cellfusion 


A universal and highly efficient method to fuse biological 
cells and to transfer material through the membrane. 
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Cellfusion system CFA 400, licensed by KFA-Juelich/FRG 


We offer superior hardware for all popular fusion tech- 
niques (microprocessor controlled) and various proven 
fusion chambers at an unmatched price. 


The fusion process shown with oat protoplasts (Dr J. Vienken, KFA) 





Some actual success reports of electro cellfusion: 
€ Hybridoma fusion and isolation of stable clones* 

© DNA transfection** 

€ Fusion of yeast protoplasts and following cultivation* 
ә 


Fusion of plant protoplasts and following regen- 
eration of a complete plant** 


“published **ready to publish 


Ask our Dr W. Asche for more details and get your free 
copy of our comprehensive literature list. 


We shall be exhibiting and demonstrating electro 
cellfusion at: 


BIOTECH 85, Geneva: 21-23 May, Booth 47-52 
ACHEMA 85, Frankfurt: 9—15 June, Booth 6 1/Е19 
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~ RADIOIMMUNOASSAY KIT FOR 


| 2 ALPHA-HUMAN ATRIAL NATRIURETIC POLYPEPTIDE 


"This kit is designed to measure 
specifically alpha-human atrial 
natriuretic polypeptide (alpha- 
hANP) and its related peptides by 
à competitive radioimmunoassay. 
It is intended for in vitro protocols 
only. The antiserum used for this 
assay was raised against synthetic 
alpha-hANP. 

This kit contains sufficient 
reagents for 125 RIA tubes. 


Catalog #RIK 8798 


Contents: 


m Triton X-100/water 
W RIA buffer (powder) 
m Standard alpha-hANP 
(lyophilized powder) 
ж Rabbit antiserum specific for 
с c glpha-hANP (lyophilized powder) 
m US Ealpha-hANP 
^. (yophilized powder) 
W Goat anti-rabbit IgG serum 
(lyophilized powder) 
A Normal rabbit serum 
(lyophilized powder) 


Sensitivity: 
IC™ 19 pgm/tube 
Specificity: 
% Cross- 
Peptide Reactivity 
human atrial 
Natriuretic Polypeptide 
rat ANP 
ANP (8-33) 
rat ANF (13-28) 
rat Atriopeptin Ш 
rat Atriopeptin H 
ANP (18-28) 
rat Atriopeptin I 
Somatostatin 
Oxytocin 
Arg8-Vasopressin 


W Instructions/flow sheet 
for the RIA protocol 
m Instructions for calculating the 
results and graph paper for 
plotting the results. 
Peninsula Laboratories results show 
plasma levels of ANP-like immunoreactive 
material from rat plasma to be 444 
+/~ 160 pgm/ml +/- SDN = 12) 
CAUTION: 
Investigational Device. Limited by federal 
law to investigational use. 
FOR RESEARCH USE 


Not for use in diagnostic procedures. 


RAS-8798 


RIA for oAtrial Natriueretic 
Polypeptide (ANP) 


Tracer: !25]-ANP 
Lot No, 006107 


1С (19pgm/tube) 


5pM l0pM 24pM 50pM 100pM 500pM 


-, Peninsula Laboratories, Inc. 
611 Taylor Way 
Belmont, CA 94002 U.S.A. 
Phone: CA (415) 592-5382 
Out of State: (800) 922-1516 
Telex: 172511 (PEN LABS BLMT) 


Pen Labs Europe, Ltd. 

Box 62, 17K Westside Ind. Estate 
Jackson Street, St. Helens 
Merseyside, England WA9 ЗА] 
Phone: St. Helens 612108 (0744) 
Telex: 629705 PENEUR 
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IF YOU NEED A 
BIOLOGICAL 
SAFETY CABINET, 


THEN YOU NEED A 
NUAIRE ! 


"WE'RE QUIETLY BECOMING THE LEADER" 


NOW... CALL TOLL FREE 800-328-3352 IN MINNESOTA (612) 553-1270 
2100 FERNBROOK LANE, PLYMOUTH, MINNESOTA 55441 TELEX 29-0781 
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Де 11 Arms 


Expression Cloning. The igt 11 Cloning Vector has been digested with EcoRI and 
dephosphorylated. It accepts O to 7 Kilobase EcoRI inserts. 

Kits contains strains Y1088, Y1089, Y1090 and a test insert. Efficiencies are 
greater than 10? recombinants per microgram of gt 11 Arms using Gigapack™ 
packaging extract. 


ФЕРЕР ГЕРАТ ТАТРЕ ЕТТ ЕТИ 
Сеа ее ABR? VARAA М2 р 


Jet 10 Arms | 


Genetic Selection. The igt 10 Cloning Vector is suited for the cloning of EcoRI 
ligatable DNA fragments that range between О and 7 kilobases. Kits contain strains 
C600 and C600 Hfl+ and a test insert. Efficiencies are greater than 10? recombinants 
per microgram of рт 10 Arms using Gigapack. 
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EMBL3 Arms sits | 


Large Insert, Genetic Selection. The EMBL3 Cloning Vector is one of the most 
versatile and efficient lambda-based vectors available today. Its advantages include the 
ability toaccept BAM Hl ligatable inserts (i.e. Mbo I, Sau ЗА, Bgl Ног BAM Hl inserts 
up to 22kb in length), strains Q358, Q359 and a test insert are provided. Efficiencies 
range between 2X 106 and 8X106 recombinants per microgram of EMBL3 Arms using 
Gigapack packaging extract. 
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Agt 11, Agt lOand EMBL3 Cloning Vectors save valuable time and have been expressly 
processed to be extraordinarly effective, reliable and inexpensive. Simplicity in 
protocol make Vector Cloning Systems products à convenience to work with. 





Where Satisfaction Multiplies 


3770 Tansy Street/San Diego, CA 92121/Call TOLL FREE 1-800-424-5444 


In California call (619) 458-9151/TELEX 910380 9841 













Pharmaceutical News * \ Subscribe NOW 
Medicine | | на | 


Anew, independent, quarterly journal for the critical assessment of new 
and old methods employed to test drugs in man. To promote ће discipline 
of pharmaceutical medicine and cover those activities germane to human 
testing of drugs, papers will appear on human pharmacology, clinical 
investigation, comparative clinical trials, and epidemiological studies. 
The latter will inevitably be associated with drug safety and post-marketing 
surveillance, The problems of quality control and analysis of laboratory 
tests will be addressed, and the handling of clinical trial data. The design 
and statistical analysis of clinical studies will also feature. 
Pharmaceutical Medicine will provide invited contributions, reviews, news 
and opinion. A major feature will be abstracts of papers published elsewhere 
giving new means of assessing drugs. 
The Journal will not take an overtly political or commercial position, but 
any matters affecting ways and means of assessing drug efficacy and 
‘safety, including governmental regulations, will be discussed. 




















Congress of 
Pharmacology Proceedings 







* Proceedings of the leading international 
meeting for pharmacologists and 
toxicologists 

* 21 plenary lectures and 180 papers 
from the 30 symposia, published in 
three volumes 

* An essential compendium 
of the topics of high interest 
in drug research today 

* Available November 1984 


































Subscription Rates 
UK and Eire: £45.00, USA/Canada: Surface US $95.00, Rest of World: Surface £63.00 











3 Volume Set £145 
(ISBN 0 333 368908) 
Single Volumes 
£51 each 






Now published by Macmillan Press 







Postgraduate 
Medical Journal 
























British 
Journal of 
Pharmacology 


Published monthly on behalf of 

the British Pharmacological Society, 
the British Journal of Pharmacology 
contains original papers submitted from 

` all parts of the world making it one of the 
most respected journals for all those pro- 
fessionally involved in the pharmacological 
sciences. It contains up-to-date papers of the 

~ highest quality on all aspects of drug action and 

| ig thus a vital source of information for physi- 
ologists, clinicians, immunologists, molecular bio- 
logists and biochemi&ts as well as pharmacologists. 


UK £155.00, USA/Canada US $390.00 surface, US $475 
| airmail, Rest of World £175.00 surface, £225.00 airmail. 


...and remain fully informed. 


Single copies or back issues are available on request. Paymentin any 
currency will be accepted at the current rate of exchange. All cheques 
should be made payable to Macmillan Press Ltd. For further information, 
~ catalogues or sample copies of any of these Journals please contact:- 
David Guthrie, The Macmillan Press Ltd, Houndmills, Basingstoke, 


Amonthly Journal published by Macmillan Press on behalf of the Fellowship 
of Postgraduate Medicine. The Fellowship was founded in the early 1900's to 
assist medical postgraduates by publishing Original Papers on subjects of 
current clinical importance together with Review Articles containing 
extensive, up-date bibliographies as guides to further reading. Several single 
topic symposia, written by specialists within that discipline, are published 
each year, These features combined with Current Surveys of clinical 
problems, Case Reports and Book Reviews, provide a unique, regular 
compendium of clinical medicine invaluable to the graduate in training. 
























Subscription Prices 
UK £60.00, USA/Canada US $142.50, surface, US $175.00 airmail, 
Restof World £72.00 surface, £90.00 airmail, 






























The British Journal 
of Cancer 














Published monthly on behalf of the Cancer Research Campaign, 

The British Journal of Cancer is one of the leading cancer journals in 
the world, publishing articles in all the major scientific disciplines 
relevant to the subject. The journal. provides papers and short 
communications submitted by scientists from countries 
throughout the world. In addition, the Proceedings of the 
meetings of the British Association for Cancer Research are 
regularly published in the journal. From time to time other 
selected national and intérnational meetings are also 
covered. Up-to-date book reviews appear in each issue. 





















Subscription Prices 

UK £105.00, USA/Canada US $260.00 surface, 
US $310.00 airmail, 

Rest of World £135.00 surface, 

£175.00 airmail. 





Fascinating reading 
and an unusual gift 





A high-quality, 40-[ 

page facsimile of TT 

the first Issue of THE RSDAS NOVEMBER 4, ise9 
Nature is now ONIS E 
available at the Gorrie: APHORISMS ох Narere By 
following prices : ror CULA RS 


ON тнк FERTILISATION OF WINTER- 
FrowrkRiNG. Phanys, By А. W. 
BexNert, Е... 

UK 75p PROTOPLAS AQ THE ANTIPODES 

The Recent Porai Ectipsk in AMERICA. 
By J. Normas Lockyer, P.R.S. 
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J. Linsock, Bart, EF. RS. 
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SCIENCE-"PRACHING IN Senigots, By the 
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World (Air) L A. Gikik, F.R.5, 


Payment may be made in any currency at 
the prevailing exchange rate. Cheques 
should be made payable to Nature. Prices 
include postage and packing. 








To order please complete the coupon 
below, or write, enclosing the correct 
remittance. 


Order Form 





To: Nature 
Macmillan Journals Ltd 
Brunel Road, Basingstoke 
Hants, RG21 2XS, England 


Please send me facsimile(s) of the first 
issue of NATURE. 
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Second G 


Unique new technology enables you to measure 
single channel and whole cell currents using 
one headstage—one experimental set-up lets 
you work with patches and cells up to 50 um. 


Instrument noise is so low that it eliminates the 
electronics as a source of experimental noise. 


The EPC-7 is the 
second generation 
clamp design by 
Prof. E. Neher and 
Dr. F. J. Sigworth 
of the Max Planck 
Institute. It is state- 
of-the-art technol- 





eneration 


PATCH /WHOLE CELL CLAMP 


years of pioneering experience with the practical 
application of patch clamps. 


e Internal Resistance Switching 50G 0-500 МО 
e 100 KHz Bandwidth 
e integrated Series-Resistance and Transient-Can- 


cellation Function 
e Noise is 0.05pA 
RMS at 1 KHz 
e Built-in Noise 
measuring me- 
ter 
e ..And More 


There is nothing 
else that even 














ogy derived from comes close... 

pore UE OUT E ULP ee yO 
Me di cal Systems | Please send full information regarding the Patch Clamp. 
| Name Title 
Corp. | Institution 
ONE PLAZA ROAD, GREENVALE, NEW YORK 11548 | Address 

(516) 621-9190 - TELEX—645031 MEDSYSTEMS | 
| City State Zip. 
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NEW rrom lekmar -THE INNOVATOR IN CO,/0, INCUBATION 





WATER JACKETED 
STABILITY IN AN AUTOMATIC 
MULTIPLE GAS SYSTEM 








Contamination Resistant 
Gas sensors external to mc E 
chamber 
* No condensation on 
chamber walls 





| Temperature Uniformity. 
and Stability 


Superior water jacket i | 
construction 
e Temperature sensors in 


chamber and eee Due eus 


Accurate, Gas Saving Control 
* Infrared СО» detection 
e Zirconia solid cell/Os detection 
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Call toll free 1-800-543-4461 : 
or fill in coupon below Espec Model LPN-120 


C 


TEKMAR COMPANY, PO. Box 371856, Cincinnati, OH 45222-1856 


"1 
І 
І 
Ц 
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C] Send prices and information СО,/0, system 
L] Send prices and information on СО, system 
Г] Have salesman call 
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Sequencing Grade Triphosphates 
From Pharmacia 


Ultrapure Deoxynucleoside Triphosphate Solutions 


While often overlooked, high quality triphosphates can increase 
gel clanty considerably, allowing reading of up to 30 % further 
from a single primer site. Pharmacia's solution triphosphates are 
the most stable, homogeneous and diphosphate free available, 
and can be used without weighing, neutralization or 
concentration determination. : 


2',3'-Dideoxynucleoside 5'-Triphosphates 


Ever since we provided the first commercial dideoxynucleosides 
in 1977, researchers have relied on our ultra-pure 

2',3'- dideoxynucleoside 8'-tmphosphates for the specific chain 
termination and low background needed in their sequencing. 


Keep your results clear 
of the background. 


$e ‘Pharmacia 


Molecular Biology Division 
S-751 82 Uppsala, Sweden 
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More crisis for UK research 


Now it seems that Britain will stay in high-energy physics for the time being, high-energy 
physics has an obligation to mitigate the squeeze on ‘general research. 


THE Kendrew committee, which has been looking into British 
membership of CERN, the European nuclear physics laboratory 
at Geneva, seems about to create a dilemma for everybody in 
sight — the British Science and Engineering Research Council, 
which pays the British subscription, the Advisory Board for the 
Research Councils, which has just presented the British govern- 
ment with a demand for extra cash, and even the management 
of CERN, the essence of the committee’s conclusion seems to 
be that Britain should not immediately pull out of the European 
high-energy physics club, but instead demand that the cost of 
membership should be reduced from the end of this decade, when 
CERN will be equipping with superconducting magnets the elec- 
tron collider now being built. Precisely what the committee thinks 
should happen if these negotiations come to nothing should be 
clear when its report is published. It will be particularly valuable 
to know why the committee has decided against withdrawal. Is 
high-energy physics after all worthwhile, or is it merely that the 
British research community will need the best part of five years 
to win what it can from past investment in CERN? 

That the outcome is a compromise will be an embarrassment. 
Although high-energy physics is a steadily shrinking part of the 
budget of the Science and Engineering Research Council, it is 
still uncomfortably large. Last year, the advisory board was saying 
that the research council might have to withdraw from some whole 
field of science if the squeeze persisted. The Kendrew committee 

. sprang from the sense that high-energy physics, the most con- 
spicuous target for economizers, is too important to be aban- 
doned just like that. The chief consequence of the Kendrew com- 
promise 1s that there is no immediate prospect of relief. The reap- 
praisal of all activities that has occupied the research council for 
the past six.months will have to continue. Nor will there be much 
comfort in the recent guileful letter to Kendrew from Dr Jeremy 
Bray, the Labour Party spokesman on science and technology, 
pointing out that a future government might have different views 
about science budgets. 

Speculations prompted by that kind of prospect are neither here 
nor there. Any British government would find itself in the same 
plight on public spending as does the present. Extra money for 
research, such as the advisory board has now asked for (£10 
million extra next year and in each of the two succeeding years) 
would have to come from the British government’s present spen- 
ding programme. It would have been more interesting, but 
dangerous, if the Kendrew committee had resolved flatly to say 
that the research community cannot afford high-energy physics 
out of the present budget, and had thrown the onus of grappling 


Biological manuscripts 


From the beginning of next week (20 May), Miranda Robertson, 
Biological Sciences Editor of Nature, will be based in the 
Washington office of Nature. Manuscripts offered for publica- 
tion may be sent, as at! present, to either the London or the 
Washington office; with the benefit of good communications, 
the speed with which manuscripts are dealt will be independent 
of the place at which they are received. But authors are asked 
please in future to send four copies of manuscripts intended for 
publication (one for each office and two for referees). a 








with the consequences onto the government. 

The advisory board, whose role is to divide the science budget 
each year, will now be particularly under stress, if only because 
some of its members are at best agnostic on high-energy physics. 
But continued membership of CERN squares badly with 
economies being made elsewhere. Out of a total budget of £631 
million, the research councils will have to spend £9 million this 
year and £11 million next year on persuading research people to 
retire early. That is simple waste. The advisory board is also acute- 
ly aware, to judge from this year's submission to the government, 
that its own economies will have to take effect before there can 
be much change in the pattern of spending within the universities 
on the support of research, which is estimated (a little optimistical- 
ly) to be worth £550 million a year. Only in the academic year 
beginning in 1986 will there be the first signs of how the budgets 
of individual universities will be changed to take account of the 
importance attached to the research they do. So the muttering 
has begun that part of the university budget should be handed 
over to the'research councils, which is a recipe for setting 
academics at each others’ throats. 

This is where the physics community, and the management of 
CERN, can help. Both have in the past been dealt with generously, 
and may by now have earned an obligation to do something for 
fields more recently made vigorous. The truth about CERN is 
that it is every bit as splendid a laboratory as its founders in- 
tended. It is a model of international collaboration, and it is suc- 
cessful in the work it does. For the past decade, conscious of its 
cost, the laboratory has also managed to keep ahead technically 
by finding the money with which to build a new accelerator by 
closing down an older machine, or by using it as a component 
for a larger one. But the laboratory has some defects. It has a 
larger permanent staff than might otherwise be necessary, perhaps 
because it is international. Much worse, 1t happens to be in 
Switzerland, one of the most prosperous countries in Western 
Europe and that which determines what people working there 
are paid. Nobody suggests that the new electron accelerator should 
be moved somewhere else (which would be impossible) or that 
people working at CERN should be underpaid, but this privileged 
laboratory should nov help solve the problems that have arisen 
in Britain, and even elsewhere. 

What can CERN do? Economizing is an obvious must, but 
cheeseparing would not save anything like as much as Kendrew 
appears to be looking for. Broadening the base of collaboration 
on the second phase of the electron collider is a much better course 
to follow. Neither the United States nor the Soviet Union is at 
present a paying member of the club, even though people from 
each country work on CERN collaborations by a kind of 
gentlemen's agreement, on the ground that reciprocity eventual- 
ly accrues. Why not now formalize these arrangements? If CERN 
has shown that European collaboration in high-energy physics 
works, why should it not use its present position on the crest of 
a wave of success to show that international collaboration can 
also succeed? With the US Congress in the thick of trying to 
reduce the US budget deficit, this might be just the time for such 
a move. One of the curious ironies of this field, over several 
generations of particle accelerators, 1s that the practitioners are 
forever saying that machines will eventually have to be built and 
operated internationally — but not just yet. 0 
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US universities 


NEWS 


Task force quests for 
financial wizardry 


Washington 

THE Congress’s Science Policy Task Forte 
was told last week that between $5,000 
million and $20,000 million might be need- 
ed to bring US university research facilities 
up to acceptable modern standards, and 
that the existing partnership between uni- 
versities, industry and government ‘‘may 
not be adequate" for the task. While the 
general sentiment has been heard before on 
Capitol Hill, this particular warning was 
surprising because it was uttered not by 
some university president making a cap-in- 
hand appeal for a new laboratory, but an 
assistant director of the White House's Of- 
fice of Science and Technology Policy, Dr 
Bernadine Healy. : 

In two days of hearings on ‘‘government 
and the research infrastructure’’, the task 
force heard a variety of prescriptions for 
improving universities’ access to state-of- 
the-art equipment. In Healy's view, both 
government and universities must take their 
share of the blame for the accumulated 
deficit of research hardware. Universities, 
she said, have often behaved like depend- 
ants of the government, ‘‘abdicdting their 
responsibility for infrastructure ahd biding 
their time until federal facilities and pro- 
grammes were resumed”. The government, 
for its part, has ‘‘attempted not to invest 
in the research enterprise, but to procure 
packets of research results at the lowest 
possible prices’’. 

The Science Policy Task Force, a bipar- 
tisan group established within the House 
of Representatives’ Committee on Science 


and Technology, has been hearing from. 


witnesses in government and academic life 
since mid-April. The hope is that a 
preliminary report will be completed by 


May next year, with a final version | 


available the following October. Witnesses 
so far have fallen into two clearly defined 
camps: those who believe that the present 
system for provision of research facilities 
is working well, and those who feel that 
catastrophe is imminent. 

The latter group argues that universities 
grew accustomed to 15 per cent annual in- 
creases in their operating research budgets 
during the heady 1970s, and even during 
the early years of the first Reagan presiden- 
cy. As long as the hefty increases con- 
tinued, universities were cushioned from 
the effects of the lack of investment in 
buildings and large items of equipment: 
most of the federal programines specifically 
geared to improving research infrastructure 
had dried up in the early 1970s. Now that 
the days of 15 per cent annual increases are 
seemingly over, the price of years of under- 
investment in the infrastructure will have 
to be paid. 














Healy, speaking with the advantage of 
inside knowledge of the White House's 
soon-to-be-completed study of the univer- 
sities chaired by David Packard, said that 
a multi-billion dollar programme might im- 
prove conditions, but that changes in at- 
titudes would also be needed to put things 
to rights. Specific proposals include the 
following: 
€ the proportion of the $20,000 million 
civilian research and development budget 
spent in universities should be increased 
above its present level of 30 per ceht; 

@ unrestricted donations of equipment 
and contributions to renovations should be 
encouraged (presumably by favourable tax 
exemptions); 

€ amortization periods for both equip- 
ment and buildings assumed in federal 
grants should be reduced from their pre- 
sent unrealistically high levels (50 years and 
15 years respectively) to something closer 
to reality (say, 20 years and 6-8 years); 
€ and (as a strong hint) the government 
should stop trying to ''micro-manage"' 
equipment purchases and reduce the 
burden of excessive documentation. 

The need for innovative financial ap- 


‘proaches was echoed by Dale Corson, 


chairman of the government/university/ 
industry research round table sponsored by 
the National Academies of Science and 
Engineering. Corson asserted that ob- 
solescence of research instruments is 
limiting productivity, and that in engineer- 


ing, in particular, this state of affairs is in- ' 


creasingly driving away potential recruits 
into the field. 

Corson argued that the problem has 
arisen largely because of the increased cost 
of research instruments; he proposed that 
more use should be made of shared 
facilities and that more facilities should be 
financed jointly with state governments. 
Besides exploring new ways of providing 
equity, the traditional form of financing for 
research facilities, universities should also 
look at new ways of debt financing. Cor- 
son asked for the removal of legal obstacles 
that, in essence, prevent the promise of 
federal grants from being used as collateral 
against loans. 

Summing up in a virtuoso exhibition of 
Washington bureaucratese, Corson asked 
that these initiatives be brought together in 
a national programme that will ‘‘regularize 
the facilities appropriation process" and 
will ‘‘leverage federal funds to the max- 
imum degree possible’’. Corson's proposal 
will doubtless be aired in July at a con- 
ference on academic research facilities 
sponsored by the government/university/ 
industry research round table and federal 
agencies. Tim Beardsley 
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Growth hormone 


FDA ban on 
pituitary product 


Washington 

FEARS that growth hormone extracted 
from human pituitary glands may spread 
the rare neurological condition known as 
Creutzfeldt-Jakob disease (CJD) have 
prompted the US Food and Drug Admini- 
stration (FDA) to stop the use of all human 
pituitary products. Those most immediate- 
ly affected are the 2,500 hypopituitary 
dwarfs in the United States, who depend 
on the hormone to maintain normal rates 
of growtli; clinical research on other 
pituitary products has also been suspended. 
FDA is now under strong pressure to 
approve the general use of a recombinant 
human growth hormone product 
manufactured by Genentech Inc. that has 
been under FDA review for the past 18 
months. 

The two commercial companies that 
have now withdrawn their human-derived 
growth hormone products, KabiVitrum 
and Serano Laboratories, point out that the 
evidence against them is at best indirect. 
There have been three recent deaths 
attributed to CJD; among young men who 
received crude pituitary extracts as 
children; suspicions were aroused because 
the disease is normally found only in those 
over 40. Only one diagnosis has been con- 
firmed, however, and no autopsy was 
carried out on one of the suspected cases. 
In the other two cases, there are other 
complicating factors that could explain 
infection by a slow-acting virus such as that 
believed to cause CJD; one was a diabetic 
who received frequent insulin injections, 
for example. 

The deaths occurred among patients who 
had been treated under the National 
Hormone and Pituitary Program of the 
National Institutes of Health (NIH). Since 
the programme started, the purification 
methods used have improved markedly, 
and all growth hormone manufactured 
since 1977 has been through a final stage 
of column chromatography using 
Sephadex. The commercial manufacturers, 
who also use column chromatography, 
point to a study by Professor A.G. 
Dickinson of the University of Edinburgh 
which indicated that virus deliberately 
introduced into pituitary tissue was not 
detectable after the column chromato- 
graphy stage of purification. 

One argument against a link between 
CJD and growth hormone is that the 
hormone is produced in batches that are 
used to treat several hundred children. 
Even if only one batch had been contamin- 
ated, therefore, many more than three cases 
would be expected. There are not known 
to be any hving growth hormone recipients 
with CJD symptoms, and a recent survey 
of 300 recipients in Switzerland found no 
cases of CJD. 
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Erol Caglarcan of Serano accuses FDA 
of using ‘‘unnecessary pressure" and says 
the Serano product, which has the trade 
name Asellacrin, will still be used outside 
the United States. Serano hopes in time to 
market a genetically engineered growth 
hormone being developed by Celltech in 
England, but that product is not yet at the 
stage of clinical trials. KabiVitrum's 
recombinant product, developed under 
licence from Genentech, is already in 
clinical trials in Europe: the company is 
correspondingly less concerned about 
FDA's action in banning human growth 
hormone. 

The pressure on FDA to approve 
Genentech's recombinant product as 
quickly as is seemly arises because testing 
the pituitary samples for presence of the 
CJD infective agent has to be done by 
bioassay, using squirrel monkeys or 
chimpanzees. Besides being expensive, 
results of tests now being mounted by NIH 
will not be available for two years. In any 
case, negative results from such tests would 
not provide much reassurance, given that 
so little is known about the disease. If 
Genentech's product can be shown to be 
safe, FDA might be tempted to abandon 
pituitary-derived growth hormone 
permanently. 

A decision to abandon pituitary products 
would, however, affect other substances 
besides growth hormone. Dr A.F. Parlow 
of the University of California at Los 
Angeles, who has supplied pituitary 
products to NIH since 1977, is concerned 
that research into other pituitary hormones 
could be set back; clinical trials of prolactin 
and thyroid-stimulating hormone, for 
example, have had to be put on ice. Parlow 
believes that FDA will have to embark on 
a convincing demonstration that viruses 
can be effectively excluded by modern 
purification methods in order to prevent a 
complete halt in pituitary research. 

Genentech first produced a recombinant 
growth hormone product several years ago, 
but — perhaps because of the ready avail- 
ability of the human-derived product — 
progress towards FDA approval has been 
slow. The Genentech hormone has an extra 
methionine residue tagged on that is not 
found in the natural substance, and in early 
clinical trials many patients developed anti- 
bodies to the product. 

Last year, FDA asked Genentech to pro- 
vide further safety data on a trial popula- 
tion to be monitored for a full year; that 
study is now under way but the data re- 
quested by FDA will not be complete until 
the start of 1986 at the earhest. Recently, 
however, FDA officials have been saying 
publicly that the Genentech product, which 
has now been improved, is likely to be ap- 
proved within the next two or three 
months 

Genentech, for its part, is playing it cool, 
saying the decision is entirelv up to FDA; 
a recombinant growth hormone without 
the extra methionine is also believed to be 
in the pipeline. Tim Beardsley 
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NEWS 
French science budget 


Fabius goes for 


M. HUBERT Curien, French minister for 
research and technology, at last has his 
figures.For the past few weeks he has been 
waiting to hear from the Prime Minister, 
M. Laurent Fabius, how much money there 
is in the kitty for French research for the 
next three years, to put some substance in 
his ‘‘three-year plan” for research — an in- 
strument which parliament must:vote on 
and which should give a new impetus to the 
political emphasis on science in France. The 
Prime Minister's answer is four per cent 
real growth per year in civil research and 
development spending to 1988, excluding 
defence research spending. 

And that 1s just the government side. 
There will also be increased incentives to 
industry to carry out research (a doubling 
of tax allowances on research and develop- 
ment budgets) which will give industry 
another FF 600-700 million (£60-70 
million) a year to spend, so that overall it 
is estimated that French national research 
and development spending will rise over the 
next three years from 2.25 per cent of gross 
national product now to 2.6 per cent in 
1988. At its nadir in 1979-80, this fraction 
had touched 1.8 per cent. 

Thus the growth in French research spen- 
ding should continue, provided there are 
no global budget ‘‘corrections’’ in future, 
corrections which rather reduced the true 
impact of the ambitious ‘ау for science" 
introduced in 1982 by M. Curien's 
predecessor, M. Jean-Pierre Chevénement. 
But Chevénement also increased the 
number of jobs for scientists, and this trend 
is to continue. While British research coun- 
cils have lost around a fifth of their posts 
since 1981, their French counterparts have 
gained something around 3 per cent a year. 
Curien's plan offers 1,400 new jobs for 
scientists over the next three years, less an- 
nually than last year's 1,000, but still a 
substantial figure. 

So where are the French after all this at- 
tention to science? Doing fairly well, but 
could do better, particularly in industry, is 
the informed verdict in Paris. 

Briefly, the tally is thought to be this. 
First, a reversal of the decline of support 
for French science m the 1970s. The decline 
was brought about initially by President 
Pompidou's massive indifference, and con- 
tinued by successive administrations until 
Pierre Aigrain, science minister under 
President Giscard d'Estaing, reversed the 
trend. Second, M. Chevénement, under 
President Mitterrand, made science a 
political touchstone, and changed the 
whole French political mentality towards 
science, and of scientists towards industry. 
Third, the research councils — such as the 
Centre National de la Recherche Scientifi- 
aue (CNRS) with its 10,000 sctentists — 
were accorded looser legal ties, which 
allowed them to make profitable associa- 
tions with industry, set up affiliates and so 














growth 


on. And fourth, science and technology 
were given weight, and budgets, in the 
regional admınistrations of France, which 
gave an opportunity for a more flexible 
response to local industrial and social 
needs. A fifth bonus, the new impetus given 
to universities to compete with one another 
for students and research cash, has come 
too late to yet have any real impact. 

Failures, however, include a poor 
response from industry, too much cen- 
tralization of decision-making and too lit- 
tle realistic assessment of the successes and 
failures of the policy. 

There is hope, however, that Curien will 
be able to correct many of these failings. 
The new three-year plan, agreed at 
ministerial level but not yet voted upon, is 
one of his instruments. A practical man, 
Curien seems to be taking many of the nght 
steps to put the rebirth of French science 
back on course. Robert Walgate 


Australia’s NDP 
in disarray 


Canberra 

AUSTRALIA's single-issue Nuclear Disar- 
mament Party (NDP), whose 8,000 
members include many former Labor Party 
supporters disaffected by the Hawke Labor 
government's decision in June last year to 
mine and export uranium, has lost its only 
parliamentary representative-elect, Ms Jo 
Vallentine, who resigned last week, an- 
nouncing that she would set up a new anti- 
nuclear political party to be known as 
Peace and Nuclear Disarmament Action 
(PANDA). 

This move follows NDP's first national 
conference in Melbourne last month in 
which Senator-elect Vallentine, former 
Labor Senator Ms Jean Melzer and 
narrowly-defeated NDP Senate candidate 
and rock singer, Mr Peter Garrett, staged 
a walkout, claiming that NDP was in 
danger of falling under the domination of 
entryist members of the Socialist Workers 
Party, a Marxist grouping of Trotskyite 
tendency. The conference was to have given 
some direction to NDP policy, because the 
party had only six months to organize 
before last December's half-Senate 
elections. 

One of the chief reasons given by the 
breakaway group for leaving NDP was the 
party's ‘‘infiltration’’ by people who were 
already members of other political parties: 
their proscription is likely to be a feature 
of membership of PANDA. The members 
of Ms Vallentine's West Australian branch 
of NDP were canvassed by a postal ballot 
that ended in a vote to cut all ties with the 
national body and form a separate party. 
Breakaway groups in most other states are 
holding similar ballots whose results will be 
known next month. Jeffrey Sellar 
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NEWS 


Universities and South Africa 


Washington 

THIS spring has brought to many US col- 
lege campuses demonstrations, reminiscent 
of the 1960s, against apartheid in South 
Africa. With the demonstrations has come 
a reconsideration of an old issue: should 
universities invest in companies that do 
business in South Africa? 

According to several recent surveys, 
fewer than a dozen universities have com- 
pletely divested themselves of holdings in 
such companies. And even as pressure 
mounts to divest, a new study by the In- 
vestor Responsibility Research Center, an 
organization founded 13 years ago to pro- 
vide institutional investors with informa- 
tion on the ethical behaviour of corpora- 
tions, may stiffen the resolve of those 
university boards that have resisted so far: 
according to the report, **divestment will 
have a detrimental effect over the long term 
on portfolio performance". 

Most of the hundred or so universities 
that have taken some action on investments 
in South Africa, mostly in response to pro- 
tests in the early 1970s, have adopted 
policies of partial, selective divestment, 
usually selling off stock in companies that 
fail to adhere to the so-called Sullivan prin- 
ciples. These rules, developed by Reverend 
Leon Sullivan of Philadelphia, a member 
of the General Motors board of directors, 
prescribe basic fair employment practices 
for companies operating in South Africa. 
The universities that have opted for par- 
tial divestment argue that a selective policy 
is the best method of influencing corporate 
behaviour; with across-the-board divest- 
ment, influence is lost. 

Those calling for total divestment now 
say that this selective policy simply has not 
produced results. According to a recent 
survey by the American Council on Educa- 
tion (ACE), only about 100 of the 350 US 
companies operating in South Africa 
adhere to the Sullivan principles; and in any 
case there is no evidence that other foreign 
companies or South African companies 
have been influenced by the example of 
these 100. Bishop Desmond Tutu, who won 
the Nobel peace prize for his stand against 
apartheid, has called for’ a more stringent 
set of principles: companies in South Africa 
should recognize black labour unions, in- 
vest in black education and training, and 
should freely hire blacks without regard for 
the country's restrictive laws governing the 
movement and residence of the 24 million 
South African blacks. 

The most militant protests this spring 
have taken place at Columbia University 
and the University of California at 
Berkeley, both of which already have 
policies of partial divestment. Students 
have occupied buildings and there have 
been a number of arrests. 

And while both of those universities have 
agreed to reconsider their policies, others 





are being more outspoken in their belief 
that the chief responsibility of university 
financial administrators is to make money 
for the university. Derek Bok, president of 
Harvard, which has maintained a selective 
divestment policy since 1981, spoke for 
many when he said recently: ‘‘Despite our 
revulsion toward apartheid, the fact re- 
mains that Harvard’s resources were en- 
trusted to us for academic purposes and not 
as a means for demonstrating our opposi- 
tion to apartheid or to other manifest in- 


justices and evils around the world." The. 





ACE survey noted that even among those 
universities choosing total divestment, the 
justification was that colleges **should not 
benefit from corporate practices that cause 
social injury’’; they rejected the notion that 
they were taking a political stand. 

US investment in South Africa is esti- 
mated at $14,000 million. About one-third 
of the companies on Standard & Poor’s 
500-company stock index do business in 
South Africa., 

Besides the efforts on campus, a number 
of states and municipalities have ordered 
divestment. A bill now before the US Con- 
gress would ban bank loans and computer 
sales to the South African government. 

Stephen Budiansky 


Major universities that have divested stock in companies operating in South Africa 


Value of Year action 

Policy stock divested taken 

Boston University Partial $6 6 million 1979 
Brown University Partial 4.6 1984 
City College of New York Total 7.1 1984 
Columbia University Partial 27 1979 
Dartmouth College Partial 20 1985 
Harvard University Partial 50.9 1981 
10 1985 

Michigan State University Total 72 1979 
Ohio State University Partial 0.3 1978 
Rutgers Partial 70 1985 
Swarthmore College Partial 2.2 1981 
Tufts University Partial 0.1 1979 
University of California, Berkeley Partial 4.0 1979 
University of Michigan Partial 41.0 1983 
University of Pennsylvania Partial 0.8 1983 
University of Wisconsin Total 11.0 1978 
Yale University Partial 16 1979 
41 1984 





Universities that have adopted a policy of total divestment have sold all holdings in companies 
that do business in South Africa Partial divestment refers to a policy of selling stock in companies 
that have failed to adhere to the Sullivan principles or other standards of conduct or that refuse 
to provide information. Source: American Committee on Africa. 


Age discrimination alleged 


Washington 

HOFFMANN-La Roche employees laid off 
earlier this year in what the company 
described as an austerity measure have 


Help 


ourself to Some. 


Valium on the. way uud 





sued, alleging age discrimination. The suit, 
so far joined by 250 laid-off workers all 
over age 40, accuses Roche of pursuing a 
deliberate policy of singling out older 
employees for dismissal. More than 1,000 





employees were dismissed in a move to save 
$50 million a year for the next five years. 
Lawyers for the plaintiffs say that as many 
as 600 of these employees could be eligible 
to join the suit, which they hope to have 
certified as a class action. 

The suit also alleges that the company's 
policies governing promotions, transfers 
and assignments favour younger workers 
at the expense of those over 40. 

Federal law prohibits age discrimination 
in employment. Companies that violate the 
act are liable for back pay, compensation 
for loss of future earning power, attorneys' 
fees, and, if *^wilfuP" violation of the act 
can be shown, double damages. 

Leonard Flamm, an attorney for the 
plaintiff, says that most of the layoffs oc- 
curred at Nutley and Belvidere, New 
Jersey. 

Hoffmann-La Roche says that it intends 
to defend all such lawsuits brought against 
it and maintains that all decisions to ter- 
minate employment were ‘‘nondiscriminat- 
ory”. No date has been set for preliminary 
hearings. Stephen Budiansky 
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—NEWS 


Abuse for visiting scientists 


Tokyo 

WESTERN research workers studying such 
topics as neurotransmitter receptors and the 
mode of action of antidepressants are not 
used to being thought of as brutal oppres- 
sors of society, nor do they conduct re- 
search in fear of assault. But, as two 
visiting lecturers found recently, for 
workers in these fields there are real 
dangers in Japan. 

The two lecturers, Tim Crow of the 
Clinical Research Centre in the United 
Kingdom, and D. van Kammen of the 
University of Pittsburgh, were due to give 
talks on ''Genes and viruses in 
schizophrenia’’ and ‘‘Episode markers in 
schizophrenia" at the seventh congress of 
the Japanese ‘Society on Biological 
Psychiatry at Gifu, in central Japan. Soon 
after their arrival in mid-April, however, 
the speakers were told that the meeting had 
been cancelled because of threats made by 
*ant-psychiatrists". Instead, a smaller 
private meeting was arranged at a hotel in 
nearby Nagoya. But, twenty minutes after 
Dr Crow's talk began, news came that a 
group of 70 demonstrators were on the way 
to the new location; the talk was abandon- 
ed and the meeting hall evacuated. 

Behind these strange events lies a 16-year 
feud within Tokyo University’s hospital 
and accusations of serious abuses within 
Japan’s psychiatric hospitals. These accusa- 
tions resulted 1n an inspection visit earlier 
this month from Disabled People's Inter- 
national (DPI), based in Stockholm and, 
two weeks ago, from the International 
Commission of Jurists (ICJ) and the Inter- 
national Commission of Health Profes- 
sionals (ICHP), both based in Geneva. 

The Gifu meeting had itself attracted at- 
tention from anti-psychiatrists because 
lurid publicity had just been given to the 
ethics of research performed at Gifu 
University. In February 1984, a schizo- 
phrenic woman patient admitted to a local 
hospital had received an abortion; the 
fetus's brain had then been examined in the 
university to look at the effects of drugs the 
patient had been taking. Accusations 
followed this year, however, that the pa- 
tient had wanted to have a child and that 
she had been forced into the abortion in 
order to provide research material for a 
“human experiment’’. Although the mat- 
ter was taken up by the Diet, investigations 
have not so far revealed malpractice. 

The ‘‘anti-psychiatrists’?, however, see 
this experiment as just one more example 
of the “‘research supremism’’ they claim 
permeates the psychiatric community and 
which regards psychiatrically-ill patients as 
being without rights, теге: fodder to fur- 
ther scientific careers. ! 

This view has been propagated by a 
radical group of doctors who, in a truly 
bizarre episode, established themselves 
within Tokyo University's hospital in the 





wake of the student revolt in the 1960s. At , 


the end of the troubles, in 1969, some 
radical doctors, opposed to the current 
form of psychiatric education and treat- 
ment, seized the in-patient psychiatric ward 
and used violence to prevent those who did 
not support them from entering the ward. 
Since then most of the university's neuro- 
psychiatrists have not been able to enter the 
building or see the remaining patients. 
An attempt was made to solve the pro- 
blem in 1972. Relatives of confined patients 
were asked to consider moving them else- 
where; some, but not all, did so. Eventual- 
ly, as doctors and nurses left, and radical 
doctors from elsewhere began to work in 
the ward, the point was reached when there 


were no officially-authorized staff left. The . 


university, however, continued to supply 
drugs, food and equipment and to avoid 
confrontation on the grounds that that 
would not be in the interest of the remain- 
ing patients. 

This strange situation persisted until 
1978, when the Diet appointed an inves- 
tigatory committee. The committee put 
pressure on the university to solve the pro- 
blem without suggesting how it might be 
done. 

The university eventually chose to avoid 
a fight and to legitimize the occupiers' posi- 
tion. University posts were given to the 
radical doctors, the professor was in turn 
allowed to make a once-a-week token visit 
to the ward, and a single patient was sent 
there from the out-patient department. 

Relations between the ‘‘orthodox doc- 
tors” in the out-patient department and the 
**radical'" doctors in the in-patient ward 
have not however, improved. Out-patient 
doctors complain of frequent abuse and 
physical assaults from radicals who enter 
the out-patient ward, often even in front 
of patients undergoing treatment. No 
evidence of unethical conduct by members 
of the out-patient group has been presented 
to justify these assaults; instead it seems as 
though they are being made to answer for 
abuses that have occurred elsewhere — the 
very abuses that have led to appeals to the 
United Nations and visits from human 
rights groups. 

The most notorious incident occurred 
last year at the Utsunomuya hospital where 
it was alleged that patients were regularly 
beaten, two of them to death, one for try- 
ing to escape and one for complaining 
about the food, and that unqualified staff 
and some patients were forced to act as 
nurses. The director was eventually ar- 
rested, although the case has never been 
completely cleared up. 

, The official government view, echoed by 
many psychiatrists, is that the Utsunomiya 
case is a rare exception. One person who 
believes otherwise is lawyer Etsuro Tot- 
suka, who for the past few years has been 
working almost without pay investigating 





psychiatric abuses. He stresses that there 
is an abnormally large number of 
psychiatric patients in Japan (more than 
300,000), many of them hospitalized for ex- 


_ceptionally long periods and most of them 


confined against their will (more than 80 
per cent, against only 5 per cent in the 
United Kingdom). Hospitals, the great ma- 
jority of them private and generating large 
profits, are usually built in remote areas 
where land is cheap but rehabilitation of 
patients through integration back into the 
community almost impossible. 

Two main factors seem to lie behind 
these trends. First, Japan's Mental Health 
Law Article 33 allows a hospital adminis- 
trator to commit people without their con- 
sent so long as parents or guardians agree; 
expert opinion from doctors is not re- 
quired. Thus, as an editorial in the Asahi 
newspaper put it, there need be no surprise 
at the abnormally large number of people 
in mental hospitals because ‘‘decisions on 
whether or not to put the mentally ill in 
hospital are made, in many cases, by the 
hospital managers, who stand to profit 
from hospitalization". 

The second factor is the considerable 
stigma still attached to the mentally ill. All 
too often, families with mentally-ill kin 
seem to want to dump them where they 
cannot be seen. Complaints of ill-treatment 
are thus likely to be few as people prefer 
not to be identified as having a mental pa- 
tient in the family. 

Detailed reports are not yet available 
from the three groups that made visits to 
Japan following lawyer Totsuka's appeal 
to the United Nations through the Fund for 
Mental Health and Human Rights that he 
helped set up. But James Donald of DPI 
has made an interim statement that *'there 
appears to be no requirement that the deci- 
sion to commit be made by a qualified ex- 
pert there is no requirement for indepen- 
dent review of the decision по effective 
independent counsel is provided to the pa- 
tient; and there appears to be no access to 
information on care and treatment of pa- 
tients once they are put inside and con- 
sequently no protection from abuse’’. Lack 
of appropriate laws and regulations, and 
the absence of government supervision, 
lack of financial incentives to medical pro- 
fessionals for treatment in the communi- 
ty, and lack of general recognition of these 
rights by the larger community are all blam- 
ed for the current state of affairs. 

In the eyes of foreign experts, legal 
reform ıs thus clearly indicated. Within | 
Japan, however, the issue has so far excited 
little interest, except among those whose 
views have already become extreme. What 
is particularly lacking is a broad-based 
reform group, like MIND in the United 
Kingdom, even though there is a movement 
towards community care among psychi- 
atrists. Even if the true scope of psychiatric 
abuse can be assessed and, if abuse exists, 
legal reforms made to remedy it, it is hard 
to see psychiatrists and ‘‘anti-psychiatrists’’ 
being reconciled. Alun Anderson 


362 


Poland 


NEWS 


University advances checked 


THE Polish government's plans to reform 
the 1982 Higher Education Act will go 
ahead, in spite of strong opposition from 
the academic community. Last week, War- 
saw University held a massive protest 
meeting and launched a last-minute appeal 
to the Seym (Parliament) against the 
changes. Nevertheless, it now seems ob- 
vious that the government and party 
authorities were determined from the 
beginning to press ahead with the amend- 
ments, and the public discussion, launch- 
ed at the end of December, was merely a 
placebo to the university community. 

The amendments, which would annul the 
autonomy won during the Solidarity era 
and would give the Ministry of Science and 
Higher Education virtually unlimited 
disciplinary powers over the universities, 
have been strongly opposed not only by the 
academic community, but also by the 
government-sponsored ''Patriotic Move- 
ment for National Rebirth" (PRON), laun- 
ched during the martial law period in order 
(it was hoped) to attract the support of the 
masses to the ruling junta (WRON — the 
similarity of the acronyms was hardly com- 
cidental) PRON in fact has not picked up 
the expected mass support, although it has 
consistently tried to woo the academic com- 
munity, backing, for example, a proposal 
to convert the Bialystok ‘‘filial’’ of War- 
saw University into an independent univer- 
sity by 1991. 

Originally, it appears, the state and par- 
ty authorities had hoped to amend the law 
without public outcry. Unfortunately, in 
October 1984, a confidential draft of the 
proposed changes was leaked to the 
underground press. Although Dr Benon 
Miskiewicz, the Minister of Science and 
Higher Education, denounced the alleged 
leak as a ‘“‘provocation’’, he shortly after- 
wards laid his own proposals for change 
before the Main Council for Higher Educa- 
tion (a kind of parliament of the univer- 
sities, with one elected delegate from every 
higher educational institution in Poland, 
except the Catholic University of Lublin 
which elected to remain aloof when the 
Main Council was constituted in 1981). 
Although 60 per cent of the delegates to the 
council are party members, they strongly 
opposed the changes, on the grounds that 
to revise the law so soon after enactment 
would tend to ‘‘destabilize’’ the univer- 
sities. Largely as a result of the main coun- 
cil's opposition, a “риЫіс debate" on the 
amendments was launched at the end of the 
year by the Committee for Social and 
Political Affairs, which reports directly to 
the cabinet. 

Articles appeared in the press from 
leading academics condemning the amend- 
ments, and virtually the only organization 
that favoured them was the party-approved 
Association of Polish Students (ZSP), 
which under the proposed changes would 


become the only representative organiza- 
tion of Polish students. (At present, ZSP 
has very little active support). Referenda 
organized among university staff and 
students produced almost embarrassingly 
high votes against the changes. Never- 
theless, the usefulness of such referenda 
and articles was questioned by a document 
signed by the underground Solidarity 
leadership of Warsaw's eight universities 
and higher colleges, which, by the end of 
February, could be found lying about in 
classrooms and libraries. This clarmed that 
the alleged public discussion was merely a 
means of allaying public concern, while the 
authorities pressed ahead with the changes. 

At about the same time, a ministry 
spokesman admitted that the issue was 
sımply whether ог not the universities 
“belonged to the state", and that if they 
did, the changes must, willy-nilly, go 
through. (My tape-recording of this inter- 
view was subsequently confiscated by the 
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Polish customs (see Nature 14 March, 1985, 
p.120).) After the referenda ended in mid- 
March there were several weeks of seem- 
ing impasse. Then, on 13 May, during a 
special plenary meeting of the Central 
Committee of the Polish United Workers' 
Party on the role of the intelligentsia, Polit- 
buro member Jozef Czyrek stated explici- 
tly that the universities were indeed *'state 
owned and socialist" and that therefore the 
changes must go through, to ensure that 
“‘anti-socialist groups" did not exploit 
university autonomy for their own ends. 

A week later, on 21 May, the govern- 
ment press spokesman, Mr Jerzy Urban, 
announced that there would be no further 
consultations with the public and that 
although he could give no date, the amend- 
ments would soon be laid before the Sejm. 
Warsaw University's 3,000-strong protest 
meeting the next day, which included an 
address by the former leader of the univer- 
sity's Solidarity chapter, Maciej Geller, and 
from which all outsiders were excluded by 
student ''guards'', made it clear that the 
university community will fight to preserve 
its hard-won autonomy. Vera Rich 





Synchrotron source 


Italy drives a hard bargain 


ITALIAN science minister Luigi Granelli 15 
not at all happy with the Franco-German 
Јан accompli that led, effectively, to the 
choice of Grenoble in south-east France as 
the site for the planned European Syn- 
chroton Radiation Facility (ESRF). Mr 
Granell: may have to accept the Grenoble 
site — Italy had proposed Trieste — but 
France and Germany may see little sign of 
his lira unless, in the accepted diplomatic 
tradition, Italy receives something in ex- 
change. It now seems that he is not to be 
bought off with a promise that a European 
tritium-handling facility — needed for the 
time when the Joint European Torus, JET, 
Or its successor, the Next European Torus, 
NET, need to use tritium to reach nuclear 
ignition — will be built at Ispra, north of 
Milan. It had been thought that this was 
the quid pro quo that would yield Italian 
aquiescence to, and money for the Greno- 
ble site, but this is ‘‘not quite right", Mr 
Granelli said in London earlier this month. 

At present there 1s deadlock in the Euro- 
pean council of ministers, which meets next 
on 4 June, over ESRF, Granelli intimated, 
as ''everyone is using their veto'' to pre- 
vent France and Germany moving forward. 
Italy has proposed a site in Trieste, a region 
which the government is keen to develop 
їп order to maintain its historical toehold 
at the top of the Adriatic, and offered more 
financial support than any other single 
country (including France or Germany). 
And still Italy must have something in 
Trieste to balance its support for Grenoble, 
Granelli insisted. 

“There could be the large laboratory in 
Grenoble, and something different in 
Trieste”, he said. ‘‘We should look at the 


wider context and consider making two or 
three laboratories." He was prepared to be 
flexible about what those laboratories 
would be. Denmark for example, which 
had offered a site at Risø for ESRF, 
would be happy with a laboratory for 
oceanography. 

“The council should always consider a 
number of facilities at the same time, then 
the opposition doesn't become so suff”, 
said Granelli. The tritium handling facili- 
ty could not go into the package with 
ESRF, however, because “тот all points 
of view it is not an Italian request. It’s 
a common interest for the European 
Community." 

Granelli would like to see big machines 
for Europe discussed in a more flexible way 
in future ‘‘as long as the Commission of 
the European Communities is involved”. 
There could be arrangements where two or 
three countries might agree on a facility but 
the Commission should also be made a 
partner, to allow other European states to 
participate in a smaller way through the 
Commission. 

Professor Paolo Fasella, director-general 
for research at the Commission in Brussels, 
agrees that this would be a useful formula. 
**In a slow and practical way we're already 
investigating н”, he said. The Commission 
had made initial approaches to national 
laboratories such as the Rutherford Ap- 
pleton Laboratory and the Daresbury 
Laboratory in the United Kingdom and 
Frascati in Italy, for part-participation on 
behalf of the Commission's ''stimulation 
programme". '*We want to develop col- 
laboration in a flexible way", said Fasella. 

Robert Walgate 
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Ganges pollution 


NEWS 


Cleansing river due for cleaning 


New Delhi 

INDiA'5 holy river Ganges, which has been 
washing away the sins of devout Hindus for 
centuries, is itself to have a clean-up. The 
Indian government has set a five-year 
deadline for the first phase of cleaning the 
2,500-km river, at a cost of £180 million. 
The river carries 468,000 million. cubic 
metres of water a year, a quarter of the 
country's surface water. 

The task has been assigned to the newly 
formed Ganga Authority, headed by Prime 
Minister Капу Gandhi himself. The eight 
other members include planning and en- 
vironment ministers of the central govern- 
ment and chief ministers of three of the 
eight states through which the Ganges 
flows. There is also a 17-member steering 
committee under the chairmanship of en- 
vironment secretary Dr T.N. Koshoo. 

Pollution of the Ganges starts at Hard- 
war, where it enters the plains of Uttar 
Pradesh, 350 km from its source in 
Gangotri in the Himalayas. From Hardwar 
to Calcutta, the whole of the river has been 
declared by the Central Pollution Control 
Board (CPCB) as unfit even for bathing, 
and unsuitable for drinking without 
massive treatment. The board says the 
water has become so saline and so con- 
taminated with toxic heavy metals that 
some parts of the Ganges basin are now in- 
fertile and the groundwater 1s polluted. 

The Ganga Authority aims to restore the 
water quality under a plan drawn up by 
CPCB. Dr Nilay Choudhun, CPCB's 
chairman, says that 80 per cent of the pollu- 
tion is caused by raw sewage discharged 
directly into the river from 100 cities on its 
banks. The rest is caused by untreated ef- 
fluent, wallowing and bathing of cattle, 
pesticide and fertilizer run-off and incom- 
pletely cremated dead bodies. 

Apart from Hardwar, the most polluted 
places are Benaras, Kannauj, Allahabad, 


Patna, Calcutta and Kanpur, where the 
Ganges water is thick and turbid for 10km | 
because of effluent from tanneries, textile 
mills and chemical plants. Monkeys in 
Benaras have become addicted to opium in 
wastes discharged from a nearby factory 
making morphine from opium. On two oc- 
casions, the Ganges has caught fire because 
of oily effluent from a refinery in Baraum 
and discharges from a foundry forge plant 
in Hardwar. 

Stopping the discharge of sewage into the 
river will reduce pollution of the Ganges 
by 75 per cent according to Dr Koshoo. 
Twenty-seven cities with populations of 
more than 100,000 dump 900 million litres 
of municipal waste each day. The plan is 
to renovate existing sewerage systems and 
pumping stations and to build new drains 
to divert the wastes to what are called 
Resource Recycling Units (RRU), where 
sewage will be digested to produce methane 
gas that will generate electricity. The 
residue will be sold as manure. Liquid rem- 
nants will be cleansed by biological aerators 
and the water produced will be used for ir- 
rigation and for growing algac and fish for 
sale. 

According to Choudhuri, each RRU ser- 
ving a population of 100,000 is expected to 
make an annual profit of £850,000, a suf- 
ficient incentive for private companies to 
take over the operation of the units after 
they have been built with government 
funds. In the second phase, the plan will 
be extended to the remaining 63 cities, and 
community cattle-sheds will be set up to col- 
lect animal wastes for processing at RRUs. 

Unlike the Thames or the Danube, the 
cleaning up of the river Ganges is com- 
pheated by the fact that it 15 a sacred river 
to the Hindus. Millions of pilgrims immerse 
themselves in the river during festivals such 
as the Kumbha Mela and return home with 
a vessel filled with Ganges water. 
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Choudhuri says that a mobile laboratory 
found 10,500 coliform counts in 100-ml 
samples taking during a Kumba Mela in 
Allahabad. In Hardwar, 17.5 million litres 
of human and industrial waste pour daily 
from five drains, one of which is just 
upstream from where 10,000 people bathe 
every day and a million bathe during the 
Kumba Mela. At Benaras, 70,000 bathe 
daily in water that has been turned into an 
open sewer with the outfall of 120 million 
litres a day of sewage from 66 drains. 
Cremation in Benaras is the wish of every 
Hindu, so 400 half-burnt bodies float in the 
river on any day, and 9,000 cattle are 
thrown in cach year. It 15 intended that elec- 
tric crematoria will be built at several places 
along the river bank. 

Even more alarming is the fact that the 
alluvial soil in the Ganges basin 1s show- 
ing signs of sahnity in the state of Haryana, 
alkalinity in western Uttar Pradesh, acidi- 
ty in West Bengal and calcareousness in 
north Bihar. Irrigation of Ganges water 
adds 17 million tonnes of salt a year to the 
soil, according to CPCB. The Ganges basin 
receives 3,000 tonnes of pesticides a year 
and one-third of all the fertilizer used in 
India. K.S. Jayaraman 





Polio eradication 


Washington 

A PLAN to eradicate poliomyelitis from the 
Americas by the year 1990 has been an- 
nounced by the Pan-American Health Or- 
ganization (PAHO). PAHO believes the 
goal can be achieved by using its staff and 
volunteers to coordinate separate national 
efforts to encourage immunization. 

The total cost of eradicating polio from 
North and South America is estimated at 
$100 million: much of the infrastructure re- 
quired is, however, already in place and on- 
ly about $30 million will be needed in aid 
from developed countries, much of which 
is already committed. Since 1977, when the 
World Health Organization instituted an 
expanded immunization programme to 
fight several common infectious diseases, 
the incidence of polio in the Americas has 
fallen from around 2,300 cases a year to 
489 cases in 1984. 

Dr Carlyle Guerra de Macedo, director 
of PAHO, says that 75 per cent of those 
under one year old in the Americas are now 
immunized against polio; before the ex- 
panded programme started, the figure was 
25 per cent. The new plan will concentrate 
on surveillance and on training health 
workers to implement vaccination schemes. 
While admitting that the goal will not be 
easily achieved, Guerra de Macedo pointed 
out that the Americas were the first region 
of the World Health Organization to suc- 
ceed in eliminating smallpox. The polio 
virus, like the smallpox virus, cannot sur- 
vive for long periods outside a host and 
there is no animal reservoir. Total world 
elimination of polio is therefore a realistic 
goal. Tim Beardsley 
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CORRESPONDENCE 


Running down observatories 


SIR — As a university astronomer who has 
had much to do with both the Science and 
Engineering Council (SERC) observatories 
at all levels, including serving on com- 
mittees charged with looking into whether 
they could best be merged with each other, 
or elsewhere, 1 would like to comment on 
your leading article on ‘‘Running 
telescopes” (Nature 9 May, p.86) which ts 
a mine of misinformation. 

Before there is any talk of closing or 
merging anything, with all the personal and 
professional upset and delay that will cer- 
tainly entail, the case has to be made, and 
indisputably made, that there are signifi- 
cant inefficiencies in the present system of 
two observatories at Herstmonceux and 
Edinburgh, sharing some of their tasks, 
computing for example, with the 
Rutherford Appleton Laboratory. To that 
extent I agree with Nature that the widest 
terms of reference must be given to the new 
committee, if there has to be one so short- 
ly after the last, which I doubt, looking into 
the best way of running our overseas 
telescopes. 

Building and operating a high technology 
instrument on an exceedingly remote and 
sometimes physically hostile foreign site, 
transporting shifts of UK university 
astronomers there, looking after them, 
educating them in the intricacies of the local 
equipment, which has to be maintained at 
the highest efficiency, providing them with 
the technical help to get first rate data, and 
later the sophisticated computer network 
required to reduce such data, must be a 
technical and management challenge of the 
same order as running an aircraft carrier 
full of Harriers at war in the Falklands. 
Mistakes are 1nevitable, and any number 
of committees can be set up to look into 
how the task can be better done, and of 
course the less they know about the prac- 
ticalities the easter it will be for them to 
recommend sweeping changes. 

The professional and the user, however, 
will only be convinced by a proper com- 
parison, carried out largely by observa- 
tionalists, of the existing UK set-up with 
its competent counterparts abroad such as 
the Cerro Tololo Inter-American Obser- 
vatory (US) and the European Southern 
Observatory based in Munich. My own 
survey, foi what it was worth, showed the 
UK observatories in a very favourable light. 
If the new committee fails to make a similar 
but much more careful comparison, co- 
opting the advice of astronomers abroad, 
and taking the time to do it properly, they 
will certainly have failed astronomers, like 
myself, out in the UK universities. At pre- 
sent we are lucky enough to have access to 
shared facilities which are remarkable not 
for their size, as your leading article im- 
plies, but for their sheer quality, something 
in which both observatories, and the 
Rutherford Appleton Laboratory, can take 
a just pride. Such quality arises not from 











lavish expenditure but from vision, high 
skill and dedication, as well as the very 
¿closest cooperation with the user 
community. 

All this could be easily lost in the sort 
of reorganization or tidying up so beloved 
by (and alas in the United Kingdom indulg- 
ed in by) second-rate administrators on 
their way up the civil service career ladder. 
One would have thought the amalgama- 
tions that led to British Leyland would have 
taught somebody up there a lesson. 

The predictions are that the United States 
will be running short of astronomers in 2-3 
years time. The demoralization that is now 
spreading through our UK observatories as 
a result of continual misinformed sniping 
by those who do not use them, and a never- 
ending series of superficial reviews, can in 
the end have only one result. And when the 
best SERC people have left on the plane, 
the rest of us, contemplating the resulting 
inevitable decline in the competitiveness of 
our own far from ambitious facilities (our 
colleagues abroad are going up to 10 or 15 
metre class telescopes), will be studying the 
job columns too. To their credit, our obser- 
vatories have played a major part recently 
in catapulting British optical and infrared 
astronomy from mediocrity into the front 
rank. In a society increasingly settling for 
the seedy and the second-rate perhaps that 
is their crime. MICHAEL DISNEY 
Department of Applied Mathematics 

and Astronomy, 
University College, 
PO Box 78, 

Cardiff CFI 1XL, UK 
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Philistinism? 

Sir — If the idea of exploring more unor- 
thodox ways of funding science than using 
the increasingly tuned arguments for an 
ever-increasing Science Vote is the role of 
a scientific philistine then I must accept that 
label. What a pity though that a once great 
industrial society should display cultural 
antipathy to modern commerce of the sort 
revealed in your leading article (25 April, 
p.657). 

My purpose in trying to provoke a debate 
on these important issues (not incidentally 
the unwitting act on my part that you seem 
to think) is to get scientists to consider a 
little more, in these financially difficult 
times, their role in society and their 
justification for that role being supported 
from the country's tax base. How you can 
contend that it 1s valid to challenge the 
scientific community with such arguments 
but not ask individual scientists to accept 
their implications is beyond me. 

Of course I realize that not all science 1s 
commercially exploitable. Much cf my own 
research on viruses has been in that 
category. But I still claim that there is a 
need for scientists to think purposefully 
about whether commercial opportunity ex- 
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ists and how it can be harnessed. Though 
there are some of us who need no such urg- 
ing, this is not an area in which we have 
demonstrated much skill in the past. We 
might all benefit 1f more of us thought it 
important and generated income for 
ourselves, our institutions and our coun- 
try as a result. 

A major point in my Times letter that 
you did not choose even to misquote was 
that such a strategy could well generate 
funds for basic science both directly and 
from government. It is surely worth giving 
our thinking a nudge in this direction, to 
counterbalance the traditional arguments 
so frequently put, even at the risk of incur- 
ring the wrath of the Editor of Nature 

K.A. HARRAP 
Wolfson College, 
Oxford OX2 6UD, UK 





Imunovir 


Sir — Helen Wright's reply! fails to 
destroy Dimitri Viza's complaint? that the 
drug isoprinosine was hyped by excessive 
promotion, but rather confirms his implicit 
contention that the publicity for a product 
is proportional to the doubts about its ac- 
tivity. This contrasts with the case of an ef- 
fective treatment for herpes; there has been 
no excessive publicity in the promotions of 
acyclovir, a drug whose virtues and limita- 
tions are well documented. 

All but one of the references cited by 
Wright to prove the efficacy of Imunovir 
are to communications at meetings between 
1973 and 1981, suggesting that none was 
followed up by a formal paper. She omits 
references to work suggesting the absence 
of effect. 

There is a striking difference between 
Wright’s arguments in defence of [munovir 
— а 60 per cent cure of herpes bouts within 
a week, the praise of Prix Galien's jury for 
a drug arousing ‘‘new hopes for the treat- 
ment of infectious diseases, auto-immune 
diseases, allergy and — why not? — 
cancer” and the absence as yet of any con- 
vincing clinical trial. This is even more baf- 
fling 1f one considers that isoprinosine has 
been tested for more than 12 years. 

I cannot therefore but agree that phar- 
maceutical companies would be well advis- 
ed to avoid raising excessive hopes through 
lay media or otherwise. Since mediaeval 
times, people have been wary of panaceas. 
This is only one of the reasons why I am 
prepared to wager that ın another five years 
isoprinosine will have fallen into oblivion. 
But Viza's proposal that there should be 
more scrutiny and responsibility in lay 
publications deserves to succeed. 

JEAN-YVES FOLLEZOU 
Centre des Tumeurs, 
Hópital de la Pitié, 
75013 Paris, France 
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РЕЯ 


Dont let it 
happen to you. 
Are you a professional biologist? Do you agree that 
biology plays a vital role in science and society? Why aren’t you 
a member of the Institute of Biology? 
The Institute of Biology represents professional biologists 
in the UK; is the Chartered body for the advancement of 
biology and its applications; is a forum for biologists of 
all disciplines; offers the status of C Biol; and above all 
speaks for the profession using the knowledge and 
expertise of its 17,000 members. 
.For further details of activities and services to 
members write to: a 
Charlotte Grezo, FREEPOST, Institute of Biology, 


20 Queensberry Place, London SW7 2ZY 
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Piecemeal ballistic missile defence 
The US programme of research known as the Strategic Defense Initiative will come to fruition 
only in the next century (if then), but there may be tangible and awkward results much sooner. 


EVER since President Reagan’s announce- 
ment in March 1983 of the plan for a pro- 
gramme of research on ballistic missile 
defence, there has been a temptation to 
assume that the whole programme would 
come to fruition (or not) all at once. Then, 
we have assumed, it would fall to a Pen- 
tagon committee to recommend (or other- 
wise) the deployment of an integrated 
system of anti-missile defence. And then it 
would be for politicians to take up the ques- 
tion which they have promised must be ex- 
plored before such a defensive system could 
be put in place, negotiations with the Soviet 
Union not least among them: Only then, 
the argument has gone, would it be decid- 
ed what should be done with the products 
of many years of research. 

A little thought ,will show that events 
cannot follow such a simple course. The 
objective of the system now being talked 
about in Washington, in its most flam- 
boyant form, is first to detect hostile 
ballistic missiles early in their trajectory and 
then to destroy them by means of several 
layers of defence. If boost-phase missiles 
escape attack, there would ideally be means 
of destroying the components into which 
they separate, first ‘‘buses’’ containing 
several warheads and, later, individual re- 
entry vehicles. Much of the argument of 
those working on the programme rests on 
the calculation that the most effective route 
to a missile defence will be an efficient way 
of destroying missiles while their booster 
motors are still burning, and are thus con- 
spicuous targets for the detector satellites 
equipped with infrared sensors. 

To say the least, each successful strike 
against a hostile missile in this boost stage 
would get rid of a great many warheads. 
But it is also generally agreed that the detec- 
tion problem is also then much easier than 
during the intermediate stages (when 
decoys will be an obvious stratagem for the 
missile launchers to use). Indeed, detection 
becomes relatively simple again only 
towards the end of a trajectory, when war- 
heads declare themselves by the heat they 
generate. 

No secret knowledge is required to make 
reasonable guesses about the sequence in 
which the various components of this 
system will become available to the 
military. The technology for detecting 
missiles during the boost phase probably 
requires nothing radically new. Infrared 
detectors have indeed been used to spot 
rocket boosters rising through the atmo- 
sphere. There is no reason why detection 








should not be reasonably efficient at 
heights above the ground not very different 
from those at which people operate infra- 
red telescopes, a few kilometres or so. 

The practical task will be to incorporate 
an array of such detectors into a system of 
satellites and then handle the data that ac- 
cumulate. Discrimination between real and 
imagined targets will obviously be a head- 
ache. Software designers will be fully stret- 
ched. But the first practical by-product of 
the research programme will be an early 
warning system of such sophistication that 
it might have been considered desirable in 
its own right. 

The other almost certain outcome of the 
research programme is a better system of 
terminal defence than that planned by the 
United States in the late 1960s. The idea 
then was that a fast take-off missile (call- 
ed ‘‘Sprint’’) would fire nuclear warheads 
at incoming warheads; now, it seems, peo- 
ple are persuaded that it would be better 
to send guided mechanical devices at in- 
coming warheads, in the hope that they 
might be destroyed without killing the peo- 
ple whose defence is the object of the whole 
exercise. 

So the research programme will almost 
certainly yield two military options for the 
United States — a much better (in the sense 
of much earlier) early warning system and 
a workable system of terminal defence. 
Whether the research programme will con- 
tribute anything else is still an open 
question. " 

The important article in last week’s 
Nature (23 May, p.286) by Dr Richard Gar- 
win is a generalized expression of the kind 
of scepticism with which the research pro- 
gramme will have to contend. Any system 
of satellites intended to be the bases (‘‘bat- 
tle stations" is the fashionable term) for the 
means by which targets will be destroyed 
will have to be much more elaborate than 


the enthusiasts have, been saying. Even | 


quite optimistic assumptions about the ef- 
ficacy of lasers as means of shooting down 
hostile missiles imply much larger numbers 
of battle stations than people have been 
saying. 

The need for a host of satellite battle sta- 
tions is generally accepted. Because these 
machines, whatever their armoury (lasers, 
neutral-beam projectors or rail guns), will 
have to be in comparatively low orbits to 
get within striking distance (say 1,000 km) 
of a booster rising througli the atmosphere, 
the chances are that any single one of them 
will be the wrong side of the Earth when 





needed. But the ballistic missile defence 
community has sought some comfort in the 
widely shared belief that the number of 
satellites required will be proportional on- 
ly to the square root of the number of 
potential targets. Garwin disproves that 


cheerful assumption. 


This is the technical nightmare of the 
whole project. Even though the mass- 
production cost of making, say, 1,000 bat- 
tle stations will yreld economies of scale, 
the efficient management of such a system 
would be a task of quite unprecedented 
character. Only a means of destroying 
boosters at much greater range than 1,000 
km would bring drastic simplification. Be- 
cause none of the potential guns has yet 
emerged as a possible leader, let alone been 
demonstrated, it seems a fair guess that this 
part of the programme will be much de- 
layed. No Pentagon committee is going to 
be making a recommendation to deploy the 
system this side of the end of the decade. 
Whether that time will come this century 
15 far from certain. : 

The consequences of this piecemeal frui- 
tion of the various components of the pro- 
gramme are themselves important. If, as 
seems likely, one early outcome is a feas- 
ible system of terminal defence, it seems 
likely that the United States will follow the 
Soviet Union in deploying such a system 
somewhere, presumably in the Minuteman 
missile fields where the MX missile is now 
to be deployed. (The Anti-Ballistic Missile 
Treaty originally offered each side the op- 
tion of two such systems, later reduced to 
one.) An orbiting early-warning system, the ' 
other likely early product of the research 
programme, will be diplomatically more 
perplexing. Quite apart from the for- 
midable technical difficulties of launching, 
operating and maintaining such a system, 
there seems very little doubt that it would 
violate the spirit if not the letter of the 
treaty. . 

The result is that, while the Strategic 
Defense Initiative will not yield tangible 
results for a decade or more (“‘if then", as ` 
the critics would add), there is every 
likelihood that some essential parts of the 
system will be ready for use long before 
that. So the United States may quite soon 
find itself having to keep to the promise ex- 
tracted from the administration by Mrs 
Margaret Thatcher last December that 
deployment would depend on talks with the 
Soviet Union. Raising the questions now, 


_at the arms control talks at Geneva, would 


be prudent. John Maddox 
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A plant joins the pantheon at last? 


Jrom Geoffrey North 


AS Keith Roberts has recently remarked in 
Nature!, plants should be wonderful 
systems for the study of development. 
Why, then, has progress in understanding 
cell differentiation and morphogenesis in 
plants been so slow? One reason, surely, 
has been the lack of a plant equivalent of 
the fruitfly Drosoplula melanogaster: a 
rapidly breeding species that is easy to keep 
in large numbers in the laboratory, and is 
ideal for intensive study by the combina- 
tion of molecular and genetic techniques 
that has proved so successful 1n dissecting 
the regulation of development in Droso- 
ріша?, But и seems plant scientists need 
Iook no further, for the indications from 
a recent meeting* are that the small weed 
Arabidopsis thaliana (the common wall 
cress; see sketch) could prove to be just the 
right subject. And the hope that molecular 
biology will transform practical plant 
breeding must have been boosted by reports 
at the same meeting of the correctly 
regulated expression of exogenous genes 
introduced into plants using the natural 
vector system provided by the bacterium 
Agrobacterium tumefaciens. 

Although the science of genetics began 
with Mendel's experiments with peas, on 
the whole plants are far from ideal subjects 
for molecular geneticists. They usually re- 
quire a lot of space and special conditions 
for their upkeep, and, worse, as a rule 
undergo only one or at most a few breeding 
cycles in a year. Furthermore, the species on 
which plant geneticists have concentrated 
most of their efforts, such as maize, tend 
to have enormous genomes — in the region 
of two orders of magnitude larger than 
those of Drosophila or yeast, which 15 a 
considerable handicap if your aim 1s to 
isolate a specific gene. These considerations 
led Elliot Meyerowitz (California Institute 
of Technology) to the temperate weed 
Arabidopsis thaliana, a member of the 
Cruciferae (mustards) Although the first 
Arabidopsis mutations were reported in the 
1940s and it has since been used extensively 
in the genetic analysis of plant biochemistry 
(C. Sommerville, Michigan State Univer- 
sity; see ref 3 for a recent genetic map of 
Arabidopsis), ts potential as a subject for 
intensive molecular genetic analysis seems 
hitherto to have largely been unexploited. 

The features that attracted Meyerowitz 
to Arabidopsis are the ease with which it 
can be grown in the laboratory, its small 
size and extraordinarily short generation 
time (only 4-5 weeks), and its unusually 
small genome? On the basis of DNA re- 
association kinetics Meyerowitz estimates 
that the Arabidopsis genome is only 
~ 70,000 kilobases (kb)°, the smallest yet 


"The 1985 UCLA symposium on plani genencs was held ш 
Keystone, Colorado, USA пот April 13 19 1985 


for any plant and comparable to the yeast, 
nematode and Drosophila genomes. For 
comparison, the size of the human genome 
1s ~ 2,000,000 kb, and that of rye is 
«~ 1,900,000 kb Furthermore, the DNA 
reassociation kinetics show that the Arabid- 
opsis genome 1s remarkably low in 
repetitive sequences, which should facilitate 
the application of the ‘chromosome- 
walking’ technique for isolating genes that 
made possible the cloning of the bithorax 
complex of Drosophila. Meyerowitz hopes 
that the small genome of Arabidopsis will 
rapidly be covered with sites of restriction- 
fragment length polymorphisms — his 
group have already detected a few by simp- 
ly using randomly selected clones from an 
Arabidopsis genome library. These can be 
used to map new mutations and as start- 
ing points of chromosome-walks to clone 
the sites of the mutations 

The economy of the Arabidopsis genome 
is also reflected at the level of specific 
genes; for example, where most plants have 
multiple copies of the genes for seed 
proteins, Arabidopsis has, according to 
Meyerowitz, only one. And using their 
cloned Arabidopsis seed protein gene as a 
probe, Meyerowitz’s group have carried 
out the first analysis of gene expression in 


Plant transformation 


To date, the success of plant geneticists 
їп introducing new genes into plants has 
depended on the exploitation of a remark- 
able natural system of interspecific gene 
transfer. The bacterium Agrobacterium 
tumefaciens can induce the formation of 
tumours on many plant species. This is 
known to involve the transfer of a frag- 
ment of DNA (the T-DNA), carried on 
the bacterium's tumour-inducing (Ti) 
plasmid, to the genome of the infected 
plant cell. It 1s the genes carried by the 
T-DNA that cause the transformed cells 
to divide to form tumours and that 
pervert the metabolism of the tumour 
cells so that they make products on which 
the bacterium can feed, such as nopalines 


3E 
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As recently reported in Nature!, cir- 
cular molecules of T-DNA are induced 
within the bacterial cells ın response to 
some plant-derived signal. It 15 presum- 
ed that these molecules repesent inter- 
mediates in the process of gene transfer 
— though as yet no T-DNA circles have 
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plants by hybridization in situ. In sections 
of seeds, they can detect seed protein 
messenger RNA only in embryo cells, 
which are known to be the sites of seed pro- 
tein synthesis in Arabidopsis. The result in 
itself 1s to be expected; what 1s important 
15 that it shows the powerful technique of 
hybridization гт situ can be applied т 
Arabidopsis. lt ıs not always easy to make 
it work and this has, for example, been the 
principal barrier to progress in research on 
homoeotic gene expression in vertebrates. 

Arabidopsis seems to be as amenable to 
the techniques of cell culture, plant regen- 
eration and Agrobacterium tumefaciens- 
mediated transformation® as plants such 
as tobacco (see below and box). One of the 
problems that has frustrated plant scientists 
in recent years has been the lack of any one 
spectes that is both amenable to such tech- 
niques and has been well-studied genetical- 
ly. And although I. Potrykus (Friedrich- 
Miescher Institute) and E. Howard 
(CSIRO) both reported that they have been 
able directly to introduce DNA into pro- 
toplasts of monocotyledenous plants, the 
difficulties in regenerating such plants from 
cells in culture make it likely that 
Arabidopsis will be the first genetically 
well-defined plant into which exogenous 
genes can be introduced readily. 

The most exciting prospect offered by 
Arabidopsis 15 m its potential for the iden- 
tification, genetic mapping and cloning of 
those genes which, on the basis of the ef- 
fects of their mutations, seem likely to be 
very closely involved in the regulation of 


been detected in plant cells. The junction 
of the T-DNA circles occurs at a precise 
point within the short (25 base pair) direct 
repeats that flank the T-DNA on the T! 
plasmid, and simply by inserting a piece 
of DNA between these repeats it can be 
transferred to the genome of a plant cell. 
So that whole plants can be regenerated 
from the transformed cells, ‘oncogenic’ 
genes of the T-DNA are usually removed 
and replaced by a selectable marker, such 
as an antibiotic-resistance gene. 
Unfortunately, it has so far not been 
possible to use this system to transform 
monocotyledenous plants, despite the m- 
dications that they can be infected by 
Agrobacterium tumefaciens*“. One 
alternative approach that is being pursued 
at present 1s to see whether transposable 
elements could be used to introduce genes 
into plants, much as P-elements are used 
to transform Drosophila. As a start in this 
direction, R.B. Simpson (ARCO, Dublin, 
California) reported at the plant genetics 
symposium that his group has begun to 
explore the potential of the maize Mu 
(Robertson's mutator) transposable ele- 
ments as vehicles for transforming 
monocots Geoffrey North 
1 Koukokhova-Naola, Z et af Nature 313, 191 (1985) 
3 Hooylaw-Van Slogicren, С М S, Hooykaas, PIJ & 
Sctniperoort, R A JH, 763 (1984) 


3 Hernalsteens, J-P , Thia-Toon, L. Schell, J & Van 
Montagu, M EMBO J 3, 3039 (1984) 
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development. Sev- 
eral such mutations 
were described in 
Colorado, for ex- 
ample, by D. 
Meinke (Oklahoma 
State University), 
who explained that 
he and his col- 
leagues have identi- 
fied a number of 
embryonic-lethal 
mutations that 
cause arrest at diff- 
erent stages of 
development by ex- 
posing Arabidopsis 
plants to the muta- 
gen EMS and then 
screening the seed 
pods for aborted 
seeds. Меуего- 
witz's group have 
reanalysed a muta- 
tion termed apet- 
ala-1, classically 
described as caus- 
ing a failure of 
petal development; 
they find that 
occasionally petals 
are replaced by en- 
tire new buds. 

The apetala-1 
mutation is some- 
what reminiscent of 
———————— — —— һе homeotic muta- 
tions of Drosophila, m which one body part 
may be transformed into another. Perhaps 
more closely comparable, at least at the 
phenotypic level, are the maize mutations 
Corngrass and Teopod 1 and 2, described 
by S. Poethig (University of Pennsylvania). 
The repetitive structure of a maize shoot, 
with units (termed phytomers) comprising 
a leaf, a node and a portion of stem, is at 
least superficially similar to segmentation 
in animals, the pattern of which can be af- 
fected by homoeotic mutations. In maize, 
at fairly precise positions up the plant, the 
character of the phytomers changes: from 
vegetative at the bottom through female 
flower (ear)-forming to male flower 
(tassel)-forming at the top. The effects of 
Corngrass and Teopod mutations can be 
interpreted. as transforming upper 
phytomers into lower phytomers, as shown 
by leaf-shape and the replacement of flower 
parts by vegetative structures. 

‘Another maize gene worth mentioning in 
this context is the R-locus, which is not only 
intriguing in its own right but illustrates 
another strategy for the cloning of plant 
genes. The interest in the R-locus lies in the 
observation that mutations in different 
regions of the locus specifically affect the 
coloration of different parts of the plant 
so, as J. Kermicle (University of, Wiscon- 
sin) explained, it seems likely that the R- 
locus is somehow involved in regulating the 
tissue-specific pattern of expression of the 
enzymes of anthocyanin synthesis in maize. 


n 
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ARABIDOPSIS 
THALIANA 


Redrawn from The New 
Concise British Flora 
by W. Keble Martin 
(Ebury Press and 
Michael Joseph, Lon- 
don, 1982) 
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S. Dellaporta (Cold Spring Harbor Labora- 
tory) reported that the insertion of a trans- 
posable Ac (Activator) element into the R- 
locus of mutant maize has allowed the clon- 
ing of the locus — the Ac element had al- 
ready been cloned, so could be used as a step- 
ping-stone to clone the adjacent R DNA. 

If the R-locus really is a ‘master’ 
regulatory gene, then its most likely targets 
would be DNA sequences that determine 
the pattern of expression of the genes for 
the enzymes of anthocyanin synthesis. The 
technique of introducing defined fragments 
of exogenous DNA into plants by 
Agrobacterium tumefaciens-mediated 
transformation, alluded to briefly above, 
offers a direct route to the identification 
of such sequences, and the power of the ap- 
proach was well illustrated at the meeting. 
R. Goldberg (UCLA) reported that when 
fragments of DNA including either the 
trypsin inhibitor or seed lectin genes of soya 
bean are introduced into tobacco cells and 
whole plants are regenerated from the 
transformed cells, the exogenous genes are 
developmentally regulated just as they are 
in soya-bean plants. RNA transcripts can 
be detected in developing embryos at the 
correct times during embryogenesis, and in 
other tissues either no transcripts or the 
same low levels that occur in the equivalent 
tissues of soya bean are found. And when 
a large fragment of soya-bean genomic 
DNA, containing the seed-lectin gene and 
several neighbouring genes with different 
development profiles of expression, is in- 
corporated into tobacco plants each gene 
is differentially regulated in the trans- 





formed plants in precisely the same way as 
in the soya bean. Similarly, Sen- 
gupta-Gopalan ef al.’ have found that 
when the gene for the major seed storage 


_ glycoprotein (fi-phaseolin) of French bean 


is introduced into tobacco plants, on a frag- 
ment of DNA that includes the fi-phaseolin 
coding-region with about a kilobase of 5' 
flanking sequence, it retains its normal pat- 
tern of expression: fj-phaseolin can first be 
detected in the seeds of the transformed 
plants at the time it normally would appear 
in developing French bean seeds, several 
days after the tobacco plants! own storage 
proteins have started to accumulate. 
The implication of these results is that 
the fragments of soya-bean and French- 
bean genomes introduced into the tobacco 
plants include the information to specify 
in which tissue the genes should be ex- 
pressed. The definition of the sequences 
that comprise this information should be 
relatively straightforward; but to know 
how to direct the expression of any gene 
to seed-tissue should be an exciting prospect 
for those who wish to use molecular genetic 
techniques to improve crop plants. (m) 
Roberts, K Nature News and Views 314, 581 (1985) 
North, G Nature News and Views 311, 214 (1984) 
Koorneef, M et al J Hered 74, 265 (1983) 
Bennett, M D & Smith, J В Proc А Soc B274, 227 (1976) 
Leutwiler, L S, Hough-Evans, BR & Meyerowttz, EM 
Mole gen Genet 194, 14 (1984) 
6 Aerts, М, Jacobs, M , Hernalsteens, J -P , Van Montagu 
M & Schell, } Plant Sa Lett 17, 43 (1979) 


7 Sengupta-Gopalan, C., Reichert, N A , Barker, КЕ Hall, TC 
& Kemp, J D Proc nain Acad Sec USA (in the press) 
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Planetary science 


More news from Mars 


from I.P. Wright and M M. Grady 


SAMPLES of Mars have been delivered to 
the Earth as meteorites, but this has been 
appreciated only in the past few years, 
following, among other things, the 
discovery of meteorites from Antartica that 
have a demonstrable lunar origin. The 
stimulus this has provided for the discipline 
of Solar System geochemistry was clearly 
evident at a recent conference on lunar and 
planetary science*. Four shergottites (S), 
three nakhlites (N) and one chassignite (C) 
together make up the eight so-called SNC 
meteorites thought to originate from Mars. 
Detailed studies of these, and in particular 
the results of a consortium investigation of 
the Shergotty meteorite (organized by J.C. 
Laul, Battelle Pacific North West Labora- 
tory, Washington), have thrown new light 
on martian history as well as the processes 
by which the SNC meteorites themselves 
were delivered to Earth. The SNC 
meteorites provide a bridge between 
laboratory-based analyses aimed at 
elucidating the origins and evolution of the 


*The 16th lunar and planetary suence conterence was held in 
Houston, Texas, 11-15 March, 1985 





Earth, Moon and meteorites, and planetary 
geology. 

Research groups at the Battelle Pacific 
North West Laboratory, Max-Planck- 
Institut fur Chemie, Mainz and Purdue 
Universities (headed by J.C. Laul, H. 
Wanke and M.E. Lipschutz, respectively) 
have made detailed chemical analyses of the 
Shergotty meteorite, which provide con- 
traints on the bulk composition of the 
parent body. Their deductions of the com- 
position of the parent body comply with 
that inferred from geophysical data (den- 
sity, moment-of-inertia factors, etc.) con- 
cerning the core/mantle structure of Mars. 
There are subtle variations in chemical 
composition that demonstrate that Shergot- 
ty is heterogeneous on a centimetre scale; 
for example, there are large variations in 
concentrations of volatile elements such as 
cadmium, tellurium, thallium and bismuth. 
The separated minerals contain widely diff- 
fering proportions of rare-earth elements 
(REE), with phosphates such as apatite and 
whitlockite containing 500 times the pro- 
portions found in chondrites. In addition, 


зм 


{һе hght REE seem to be concentrated in 
the iron-rich rims of clmopyroxene crystals. 
It is clear from the trace-element data that 
Shergotty and EETA 79001 (an Antarctic 
shergottite) are not related to the same 
parent magma. Further chemical studies 
show a high abundance of tungsten in 
Shergotty (which has a molybdenum/tung- 
sten ratio of 1.0, compared with 5.9 for the 
terrestrial mantle); this seems to accord 
with various processes thought to operate 
during core formation and is consistent 
with the view that Mars was formed by 
homogeneous accretion. 

Previous oxygen isotope measurements 
of whole-rock samples have demonstrated 
that SNC meteorites form a distinct group 
that probably originated on a single parent 
body distinct from the Earth-Moon system. 
The oxygen isotope composition of mineral 
separates of Shergotty has been deter- 
mined by R.N. Clayton and T.K. Mayeda 
(University of Chicago). Data from mineral 
pairs give equilibration temperatures of 
1,100 + 100°C; the degree of isotope frac- 
tionation between the mineral pairs is lower 
than that often seen in equivalent terrestrial 
materials and demonstrates that little, if 
any, secondary exchange with water has 
taken place following crystallization. Not 
all the minerals analysed conform to this 
interpretation. Indeed, a maskelynite 
(shocked plagioclase) separate from 
Shergotty has an extremely anomalous oxy- 
gen isotope composition, although this 
cannot be due to the shock process itself 
because maskelynite from other shergottites 
shows no unusal isotope composition. The 
0.4 per cent enrichment of !8О in the 
maskelynite from Shergotty remains an in- 
triguing and unexplained result, possibly 
reflecting low-temperature alteration. 

Nitrogen in shocked glass from EETA 
79001 has previously been shown to have 
an isotope composition enriched in !5N, 
consistent with an origin from the martian 
atmosphere. A portion of the nitrogen in 
Shergotty also appears to be of atmospheric 
origin. Two groups, R.H. Becker and R.O. 
Pepin (University of Minnesota) and R.H. 
Carr, I.P. Wright and C.T. Pillinger (Open 
University), have found evidence for a 
nitrogen component in Shergotty that 
shows а 6 per cent enrichment of 55N. It 
is thus considered that the shergottites pro- 
bably contain microscopic and hetero- 
geneously distributed shock-produced 
glasses that in turn contain samples of the 
martian atmosphere. J. Yang and S. Eps- 
tein (California Institute of Techology) and 
Carr et al. find that some of the carbon in 
Shergotty is enriched in C, consistent 
with both isotope measurements of CO, in 
the shock-produced glass in EETA 79001 
and by in situ measurements of the mar- 
tian atmosphere by the Viking spacecraft. 
Thus, some of the CO, in Shergotty also 
seems to be of martian atmospheric origin, 
although the picture is somewhat confused 
by the presence of a number of indigenous 
carbon-bearing components that need to be 
further resolved before the carbon 
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chemistry of the SNC meteorites is com- 
pletely understood. 

The glass fraction of EETA 79001 has 
been subjected to detailed optical examina- 
tion by D.W. Muenow and J.L. Gooding 
(University of Hawaii; NASA Johnson 
Space Center, Houston). Using scanning 
electron microscopy, they have recently ident- 
ified two distinct components in the glass 
fraction — a smooth glass and a ‘ribbed’ 
glass, which is thought to be quench- 
textured augite. Vesicles have also been 
identified in the glasses, as have sulphur- 
rich aluminosilicate crystals that are finely 
disseminated throughout the samples. It 1s 
possible that these secondary minerals are 
products of Antarctic weathering, although 
they may have originated on another 
volatile-rich planet, such as Mars. 

J.H. Jones (University of Arizona) stir- 
red up controversy by proposing that the 
previously accepted chronology of the 
shergottites should be called into question. 
Briefly, the current dogma is that the 
shergottites have an igneous origin at 1,300 
Myr, then underwent impact metamor- 
phism and subsequent ejection from the 
martian surface at 180 Myr. The new 
hypothesis, based on a reappraisal of exist- 
ing trace element and isotope data, suggests 
that the shergottites were actually formed 
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in an igneous event about 180 Myr ago. 
Furthermore, the cosmic-ray exposure 
age of shergottites (2.5 Myr), previously 
thought by most people to represent the 
time the meteorite fragmented in space, 
may actually approximate to the time the 
samples were ejected from Mars. The 
shorter exposure age of EETA 79001 
would, however, require two separate ejec- 
tion events for the shergottite meteorites, 
which poses problems as it demands high 
cratering rates on Mars over the past few 
million years. 

The results obtained from studies of 
SNC meteorites have widespread implica- 
tions for theories of Solar System forma- 
tion, planetary accretion, thermal histories 
of planets and petrogenesis on planetary 
bodies. Chemical and isotope analyses of 
SNC meteorites have given a clearer ap- 
preciation of the composition of the mar- 
tian surface and atmosphere. There is a 
Strong feeling in the community of lunar 
and planetary investigators that a Mars 
sample-return mission should be given high 
priority in space exploration programmes 
in the years ahead. m 


1 P. Wright and M М Grady are in the Depart- 
ment of Earth Sciences, The Open University, 
Walton Hall, Milton Keynes MK? 6AA, UK. 


What guides growing axons? 


from Dennis Summerbell and R. Victoria Stirling 


DURING normal development, neurones 
form processes that grow long distances to 
connect with their targets. They produce a 
precise and repeatable pattern that is essen- 
tial for normal functioning of the nervous 
system. There are numerous theories about 
the mechanisms involved in forming this 
pattern and three papers in this issue il- 
lustrate different ways of looking at the 
development of these connections, in tissue 
culture, in explants and in vitro. None of 
the papers present new explanations but all 
are important because they involve observ- 
ing events as they happen, rather than at 
a fixed end point. 

By removing nerve cells into tissue 
culture, one can control most carefully for 
critical single factors. We already know 
that axons prefer to grow along particular 
substrates, for example, laminin, but can 
one demonstrate thay they have specific 
preferences? On page 409, Bonhoeffer and 
Huf describe a Y-maze in which embryonic 
chick retinal axons from one edge of the eye 
are given the choice of growing along axons 
from the same position or axons from the 
opposite edge 180? away. Axons from one 
particular location (temporal retina) 
clearly prefer to grow along their 
neighbours, whereas axons from the op- 
posite (nasal) side show no such prefer- 
ence. Here, in a dish, we can watch axons 
exhibiting the kind of behaviour suggested 


from static observations of their trajec- 
tories in fixed amphibian brains, in which 
temporal axons are found in a tight bundle 
in the optic tract while those from nasal 
retina, 180° away, are distributed across its 
entire width. The development of the 
highly ordered projection from the eye to 
the brain may depend on such differences, 
using them, for example, to set up the 
orientation of the map, and this kind of ex- 
periment has the potential for analysing the 
molecular basis for the differences. 

But such fundamental yes/no decisions 
are only part of the story; a second ap- 
proach is systematically to remove putative 
guidance cues and observe the resulting 
pattern of axon growth. The developing in- 
sect wing provides a culture system for the 
study of nerve growth that is less abstracted 
from the whole animal, The wing primor- 
dium starts life as a hollow flattened disk 
(the imaginal disk), rather like a pitta 
bread, in which the guidance of axons from 
peripheral sensory cells can be followed. 
Blair, Murray and Palka (on page 406) 
have adopted this model to look at the 
role of the substrate in axonal navigation. 
Axons from the sensory cells in the wing 
follow stereotyped pathways towards the 
central nervous system. Among the pos- 
sible cues they might use are the channels 
between the dorsal and ventral surfaces of 
the wing, but when the disk is split into 
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separate dorsal and ventral halves, the dor- 
sal axons are still able to find their way 
despite the absence of channels to guide 
them. Another possible cue is the nearby 
neurones, which in whole embryos appear 
to act as ‘stepping stones’ or ‘guideposts’. 
Laser destruction of these guideposts leads 
to disoriented growth of specific axons 
(Raper, J.A., Bastiani, M.J. and Good- 
man, C.S. J. Neurosci. 4, 2329; 1984). In 
the present experiments, the removal of the 
proximal guidepost neurone did not pre- 
vent the axons of more distal cells from 
moving initally in the right direction. 

In both these experimental systems, 
molecular dissection could be contemp- 
lated, but one must remember that cells in 
culture are not in their natural environ- 
ment. Some of the important cues may not 
be expressed, whereas others may not be 
relevant in vivo. The finer intricacies of 
connections depend on the interaction of 
axons with their continuously changing en- 
vironment, so that the ultimate level of 
observation must be the intact, living 
animal. Recent advances in techniques for 
intracellular dye injection coupled’ with 
video-image enhancement have been har- 
nessed brilliantly by Purves and Hadley on 
page 404 of this issue. The superior cervical 
ganglion in the neck of the rat is an access- 
ible cluster. of cells nicely suited to this 
technique; by using image intensification, 
the cell can be photographed without ob- 
viously harming it. They first expose the 
ganglion, fill a particular се] with fluores- 
cent dye and photograph its branching pat- 
tern. Several days or even a month later 

- they are able to find the same cell again and 
repeat the performance. They observe that 
the branches of the neurone change their 
shapes progressively over time: nerve cells 
are not static but are continually adapting, 
even in the adult animal. 

It is precisely in these types of devel- 
opmental systems that molecular techni- 


ques need to be applied. Increasingly, we : 


will identify the appearance of cell surface 
and extracellular matrix constituents by the 
use of monoclonal antibodies and discover 
unique, regionally-localized transcription 
by in situ hybridization. Such results must 
be correlated with the kind of developmen- 
tally interesting events described in these 
papers. For example, the appearance of 
cell-adhesion molecules provides a power- 
ful tool to study development both at the 


level of cells in the organism and at the level : 


of regulation of gene expression in the cell 
(Edelman, G.M. Proc. natn. Acad. Sci. 
U.S.A. 81, 1460; 1984). 

It is becoming increasingly apparent that 
no single factor is responsible for the 
development of specific neural connec- 
tions. In the intact animal, there seems to 
be a redundancy of guidance cues. These 
papers show that the intact organism must 
not be forgotten in the quest for molecular 
answers to developmental questions. oO 


Dennis Summerbell and R. Victoria Stirling are 


at the National Institute for Medical Research, 
. Mill Hill, London NW7 1AA, UK. 
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Disparities in depth perception 


from C. Longuet-Higgins 


ONE might be surprised that 150 years | 


after the invention of the stereoscope 
anything remains to be discovered about 
stereopsis, but on page 402 of this issue 
Graeme Mitchison and Suzanne. McKee 
describe a novel effect called ‘interpo- 
lation', which they observe when looking 
at a particular kind of stereogram. In the 
past few years stereopsis has had an injec- 
tion of new interest from two developments 
in particular: the demonstration by B. 
Julesz and J. Chang. (Biol. Cybernet. 33, 
107; 1976) that pattern perception is not a 
prerequisite for stereoscopic fusion; and the 
so-called *computational paradigm' — the 
recognition that vision 1s the outcome of 
an elaborate neuronal computation for 
which our eyes supply only the input. 

The foremost exponent-of the computa- 
tional paradigm was the late David Marr, 
whose book, Vision (Freeman, San Fran- 
CISCO, 
stereopsis. With Tomaso Poggio he pro- 
duced, in succession, -two alternative 
theories for the mechanism of stereopsis. 
Though the details of the process are still 
largely obscure, few visual psychologists 
would deny Marr's premise that an impor- 
tant preliminary to stereoscopic fusion is 
the matching of corresponding elements in 
the two retinal images — the well known 
*correspondence problem' of stereopsis. 
Once the elements have been matched, the 
visual system can assess the disparities bet- 
ween their retinal positions and draw con- 
clusions about the relative distances of the 
visible features of the scene. 

The observations of Mitchison and 
McKee bear most directly on the question 
of how the visual system carries out the 
matching process. Most of their stereo- 
grams, presented for a time too short for 
the observer to scan the display, were in- 
terpreted exactly as predicted by standard 
stereoscopic theory. The apparent differ- 
ence in depth between a pair of dots in the 
stereogram was simply proportional to their 
horizontal disparity, that 1s, the difference 
between their horizontal distances apart in 
the left and right retinal images. This 
presupposes that the elements of the two 
images have been successfully matched; 


otherwise their disparities are ill-defined. 





Erratum 


Due to an editorial mistake in the article by А.К. 
Gardner-Medwin ‘Potential challenge from 
glia’ (Nature 16 May, page 181), it was implied 
that several long-established properties of glial 
cells were new findings reported in recent 
papers. The lines ''including . . . . fascina- 
tion” should be removed from the penultimate 
sentence of the first paragraph; instead they 
should complete paragraph 2, which will then 
read ‘*.. biological cells, high 


" permeability . .’’. 


1982), dealt in some detail with 





With the stereograms that gave predic- 
table impressions of depth, the only uncer- 
tainty in the outcome arose from alter- 
native ways of matching the images; the 
choice between such alternatives seems to 
be broadly consonant with what is known 
about the ‘disparity gradients’ associated 
with matched pairs of visible elements 
(Burt, P. and Julesz, B. Science 208, 615; 
1980). But the stereograms that Mitchison 
and McKee find most interesting are those 
containing regular grids of very closely 
spaced points, the critical spacing being 
about 6' of arc — roughly the angle sub- 
tended by adjacent grooves of a nail file 
held in the hand.-At this spacing the visual 
system seems to 'lose count' of the total 
number of points in each image, and to 
estimate the position of the grid by the : 
horizontal disparity between its two edges, 
ignoring any differences in the numbers of 
intervening points in the two images; the 
whole grid is seen as roughly coplanar. 

Mitchison and McKee point out that 
their observations cast doubt on Marr and 
Poggio's concept of a ‘coarse-to-fine 
vergence strategy’, in which the correspon- 
dence problem is solved by progressively 
finer adjustments in the directions of gaze 
of the two eyes. It will be interesting to see 
whether they can develop a computational ' 
theory of the matching process with a 
predictive pawer equal to that of the 
theories they challenge. п 


C. Longuet-Higgins 15 in the Laboratory of - 
Experimental Psychology, University of Sussex, 
Brighton BNI 9QG, UK. 





100 years ago 





Probably recurrent markings on Jupiter. Top, 
27 November 1857 (Dawes); bottom, 12 h 50 
min on 25 February 1885 (Denning). 

From Nature 32 33, 14 May 1885. 
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Electrical earthquake prediction 


from Paul W. Burton 


Two thousand years ago, Aristotle pro- 
posed that earthquakes were caused by 
subterranean winds. The Greeks are still ac- 
tive in the often contentious business of 
earthquake prediction and the team of P. 
Varotsos, K. Alexopoulos and K. Nomicos 
are well aware of controversy surrounding 
their work. In two papers which appeared 
recently in Tectonophysics!?, Varotsos 
and Alexopoulos have put forward their 
observations and ideas on variations in 
the Earth’s electric field preceding earth- 


quakes. They now claim to be able to fore- - 


cast the magnitude and epicentre of earth- 
quakes in Greece; to prove this they have 
taken the unusual step of issuing and 
publishing registered telegrams of their pre- 
dictions, to establish a check on their work. 

Phenomenological earthquake prediction 
is essentially the study of precursory 
phenomena — those events that precede an 
earthquake. These range from peculiarities 
in animal behaviour and lights in the sky 
to the more geophysically obvious and 
comprehensible precursors of increased 
minor seismicity. The work of Varotsos 
and Alexopoulos is confined to electro- 
telluric currents in the Earth. These natur- 
ally occuring electrical currents, which are 
not fully understood, are measured by 
probing the surface at two or more points, 
approximately 30 metres or more apart. 
They might be ‘channelled’ along conduc- 
tors within rocks, such as fluid-filled cracks; 
because earthquakes involve changes in the 
stresses in the ground and ultimately move- 
ment along fractures, it is plausible that 
changes in the electrotelluric regime could 
indicate imminent earthquakes. 

This team has monitored the telluric field 
at several sites in Greece since March 1981 
and searched for precursory seismic elec- 
tric signals (SES). Their most important 
conclusion is ‘‘that every sizeable earth- 
quake is preceded by an SES and inversely 
every SES is always followed by an earth- 
quake, the magnitude and the epicentre of 
which can be reliably predicted". These 
seismic electric signals are observed 6-115 
hours before an earthquake, although there 
are distinct groupings within this range. 
Varotsos and Alexopoulos find no correla- 
tion between either the SES lead time or 
duration and the magnitude of the ensu- 
ing earthquake. However, SES from 
several earthquakes at different distances 
from a station show changes in electrical 
potential that are inversely proportional to 
distance; the SES amplitude from one 
seismic region recorded at one station 
shows a simple log-linear relationship to 
magnitude. Comparison of information 
from several stations enables calibration of 
earthquake signals and prediction. 

Specialists and non-specialists will rake 





through these papers to judge how far the 
work is advanced and how justified are the 
publicized conclusions. The reproduced 
charts showing the SES variation with time 
are often confusing at first sight and do not 
present their 1nformation clearly. But they 
are reminiscent of an era when seismo- 
grams themselves looked primitive to the 
uninitiated. . 

Calibration of one station in western 
Greece involved collecting 20 SES measure- 
ments over four months from earthquakes 
exceeding magnitude 4 in the Kefalinia 
(Cephalonia) region and-comparing them 
with magnitudes determined by the Nat- 
опа! Observatory of Athens. A few hun- 
dred earthquakes above this magnitude 
were probably recorded within 100 
kilometres of Cephalonia during this time 
and one wonders how Varotsos and Alex- 
opoulos dealt with all these other SESs, 
which they presumably also recorded. Con- 
sequently, it seems odd that there is little 
comment on the overall seismicity of the 
region. Greece is the most seismically ac- 
tive area in Europe (see figure), and there 
are clear dangers in invoking correlations 














between frequently occurring events. When 
Varotsos and Alexopoulos put forward 
their case, backed by registered telegrams, 


. for having forecast 21 out of 23 earth- 


quakes of magnitude 5 or larger that oc- 
curred near their network during eight 
months in 1983, they do not emphasize that 
one of these was forecast with magnitude 
4. Taking this lower threshold, there were 
probably a few. hundred earthquakes within 
a radial distance of about 1.5 degrees of the 
station at Pirgos in the western Pelopon- 
nese in the same period. With so many 
earthquakes, many will seek further 
verification of the correlation between par- 
ticular earthquake, SES and telegram, and 
it would also be interesting to know how 
many telegrams contained informatior 
which was found subsequently to be incor- 
rect or fortuitously correlated. 
Nevertheless, many people are hopeful 
that a significant breakthrough has been 
made. This prompts consideration of the 
general problems raised by earthquake pre- 
diction. There will doubtless be engineer- 
ing seismologists, earthquake engineers, 
land-use planners and government deci. 
sion-makers who would hope that attentior 
and funds are not diverted from other more 
practical aspects such as continued prog. 
rammes of house strengthening or better 
building codes in earthquake-prone zones. 
There is also a degree of a posteriori 
demonstration involved, which raises the 











Distribution of seismicity in Greece (1901-1977). Lines in symbols are longer for greater magnitude 
of disturbance; symbols range from circles (surface earthquakes) to crosses (deepest earthquakes). 


з 


NATURE VOL 315 30 MAY 1985 


very real consideration of what to do when 
a prediction concerns an earthquake that 
might have substantial consequences. The 
Seismological Society of America has 
issued guidelines? which state that “а 
scientist has fulfilled his or her obligations 
by informing colleagues, employer and the 
appropriate public agencies of the predic- 
tion hypothesis, its basis, and any critiques, 
concurrencies or nonconcurrencies based 
on independent reviews". The United 
States also has a formal mechanism for 
dealing with earthquake predictions, in 
which the responsibility for informing both 
the public and public officials of vetted 
earthquake predictions is vested in the Dir- 
ector of the US Geological Survey. Com- 
munity preparedness for earthquakes 
would also seem to be a prerequisite. In 
Japan, the Earthquake Assessment Com- 
mittee 15 backed up by the Large-Scale 
Earthquake Countermeasures Act‘. 
Greece has recently followed these leads 
and established, by Act of Parliament, the 
Organization for Aseismic Protection But 
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when the lead time for an electrotelluric 
prediction is only 6-115 hours and it may 
relate to any part of Greece, it is hard to 
see what might be expected of such an 
organization. 

So, inevitably, what should be done 
next? There is obviously a case for con- 
tinued investment in seismological studies 
and earthquake source physics, but such 
investigations alone do not allow people to 
sleep well in their beds at night. In the long 
term, the less glamorous role of the earth- 
quake engineer and the careful implemen- 
tation of building codes and environmen- 
tal hazard maps may perhaps be more 
substantial, if unsung, life-savers. n 


| Varotsow, Р & Alevopoulos, h Tevtosophysns 110, 73 
(1984) 
2 Varowos, Р & Alexopoulos, К Tecfonuphysns 110, 99 


(1984) 

3 Guidelines for Earthquake Predators in Вый seem Sac Am 
73, 1955 (1983) 

4 Earthquake Predicison and Preparedness in Japan in Esrih- 
quuke Inf Bull (US Dep Int Geol Sur ) 15, 142 (1983) 


Paul W. Burton is at the British Geological 


Survey, West Mains Road, Edinburgh EH9 3LA, 





Neurochemistry 


New light on synapsin I 


Jrom Richard Rodnight 


MANY crucial processes in the nervous 
system, such as synaptic transmission, in- 
volve complex interactions between the 
neuronal plasma membrane and com- 
ponents of the neuronal cytosol In the 
search for the molecular mechanisms of 
such processes, the identification. and 
characterization of nerve-specific proteins 
is an essential step. There have been few 
successes in this area, but one that stands 
out 1s the discovery over a decade ago by 
P. Greengard and colleagues! of a major 
phosphorylated protein in brain, originally 
termed protem I, but now called synapsin 
I. Subsequent work by Greengard's group 
elegantly demonstrated that synapsin I 
occurs exclusively in the nerve terminals, 
where it is bound to the surface membrane 
of the synaptic vesicles, the storage sites for 
Neurotransmitters?. This highly specific 
location clearly pointed to an important 
role for the molecule in some aspect of 
synaptic transmission (for example, the still 
enigmatic mechanism for transmitter re- 
lease) but no precise evidence for its func- 
tion emerged. Now, A.J Baines and V. 
Bennett, on page 410 of this issue’, pre- 
sent evidence to show that synapsin І is very 
similar, if not identical, to an important 
spectrin-binding cytoskeletal protein 
termed brain 4.1. 

The significance of this exciting dis- 
covery may reside in the fact that the ana- 
logous protein in erythrocytes, erythroid 
4.1, can form stable ternary complexes with 
spectrin and the contractile protein actin. 
In the erythrocyte, these complexes con- 
stitute a stable supportive lattice at the m- 
ner face of the cell membrane and are 


therefore important ın maintaining the 
shape of the cell; in nerve terminals (where 
spectrin and actin also occur) they may play 
a more dynamic role in modulating the 
interaction between synaptic vesicles and 
the terminal membrane. 

To appreciate the significance of this 
development, we must take a closer look at 
both the cytoskeletal proteins and synapsin 
I. In the neurone a key molecule is brain 
spectrin‘ (also called fodrin or calspectrin), 
a tetramer formed from two subunits of ap- 
proximate relative molecular mass (M,) 
260,000 and 265,000, antigenically related 
to erythrocyte spectrin (for further comment 
on spectrins as a family of proteins, see ref. 
5). Similar to its red-cell analogue, brain 
spectrin binds both actin and protein 4 | (or 
synapsin) and is in turn anchored through 
its smaller subunit to the inner surface of 
the neuronal membrane by yet another 
cytoskeletal protein, ankyrin*. Synapsin 1 
consists of two subunits of approximate M, 
80,000 and 85,000 and, as noted by Baines 
and Bennett}, has been mainly studied as а 
substrate for cyclic AMP-dependent and 
caleium/calmodulin-dependent protein 
kinases$, Each subunit comprises а 
globular head and a highly basic tail with 
phosphorylation sites on both domains. The 
basic tail of the molecule is bound to the ex- 
ternal surface of the synaptic vesicle mem- 
brane by ionic forces that are weaker when 
the tail 15 phosphorylated by the 
calcium/calmodulin-dependent protein 
kinase! i 

It ıs particularly interesting that changes 
in the phosphorylation state of synapsin 
induced by electrical stimulation of nerves 
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or by drugs that stimulate by depolarizing 
the neuronal membrane seem to involve 
mainly the calcium/calmodulin-dependent 
phosphorylation. This makes и possible 
that a consequence of such stimulation 
(which may be the prelude to neuro- 
transmitter release) 1s to break the bond 
between synapsin I and the vesicle mem- 
brane Previously, the significance of this 
reversible binding of synapsin I to vesicles 
was obscure, but now that Baines and Ben- 
neti have shown that the molecule also 
binds to the neuronal cytoskeleton through 
spectrin, intriguing possibilities open up. 
For example, by analogy with the inter- 
action of protein 4.1 and spectrin in 
erythrocytes, the binding of vesicle- 
associated synapsin I to brain spectrin may 
greatly enhance the capacity of brain spec- 
trin to crosslink actin filaments, thereby in- 
ducing a change in the shape of the sub- 
membranous cytoskeleton and re-orien- 
tating the vesicle in relation to the terminal 
membrane. Further changes in vesicle 
orieniation might follow disruption of the 
synapsin I - vesicle bond as a consequence 
of the calcium/calmodulin-dependent 
phosphorylation of synapsin I induced by 
calcium-ion fluxes in the nerve terminal. It 
may be significant that spectrin has binding 
sites for calmodulin. 

Many questions need to be answered 
however, before precise roles for the 
synapsin-spectrin interaction 1n synaptic 
transmisison can be formulated. First, it 
should be pointed out that Bennett's group 
have so far been unable to demonstrate an 
effect of synapsin I on the crosslinking of 
actin by spectrin, although other workers 
have reported such an effect with erythro- 
cyte protein 4.1 (ref.7). Perhaps the ex- 
planation of the discrepancy lies in dif- 
ferences in the function of the spectrin- 
actin-4. 1 complex in the red cell and nerve 
terminal — in the former the need for a 
stable supporting structure is evident, 
whereas in the latter a more dynamic func- 
tion may be envisaged, possibly involving 
transient states that would be difficult to 
detect in the test tube. Second, the precise 
intraneuronal distribution of brain spectrin 
1s far from clear. As Baines and Bennett 
point out, spectrin ts axonally transported 
and spectrin-like molecules can associate 
with intracellular organelles®. Moreover, 
the two subunits of spectrin do not always 
occur together and the larger subunit has 
a wider distribution’, although both are 
needed to crosslink actin filaments. Never- 
theless, there 1s enough evidence to suggest 
that spectrin, perhaps together with tubu- 
lin, could form part of a much more ex- 
tensive cytoskeletal network than a purely 
membrane-associated structure Such a net- 
work might serve to regulate the disposi- 
tion and movement of synaptic vesicles in 
the nerve terminals by binding vesicle- 
associated synapsin | 

A final conundrum concerns the fact that 
both spectrin-Iike molecules and proteins 
immunologically related to erythrocyte 4 1 
have a wide distribution in cells; indeed 
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Goodman ef al. present evidence in- 
dicating that, at the level of the light 
microscope, the distribution of spectrin 
and 4.1 (as detected by an antibody to 
erythrocyte 4.1) in the cerebellum are iden- 
tical and extend to neuroglia as well as 
neurones. The latter contrasts with the vir- 
tually exclusive localization of synapsin I 
in the nerve terminal!. These results can- 
not be explained purely on the basis of the 
very high concentration of synapsin I in the 
nerve terminal (where it constitutes about 
6 per cent of the vesicle protein), because 
immunocytochemistry using anti-synapsin 
immunoglobulin confirms the restricted 
location. Therefore, it seems likely that 
synapsin I is a highly specialized form of 
4.1 found only in neurones. This conclu- 
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sion confirms the overwhelming impression 
that synapsin I must play a unique role in 
some aspect of synaptic transmission. CO 
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How superconductivity fades 
near metal-insulator transitions 


trom W.L McLean 


ALTHOUGH the importance of quantum 
mechanics in solid-state physics has been 
well established for many decades, it came 
as a rude surprise about five years ago that 
startling quantum effects in metallic con- 
duction had been overlooked. Unusual 
behaviour and bizarre predictions near the 
metal-insulator transition have recently 
come to be expected. Further challenging 
questions arise when the system can also 
be superconducting. One of these that is 
less innocent than it first seems is whether 
superconductivity can persist into the in- 
sulating side of the transition. If not, does 
it die out right at the transition or while the 
system is clearly still on the metallic side? 
R.C. Dynes, J.P. Garno, G.B. Hertel and 
T.P. Orlando have recently shed new light 
on this area by measuring electron tunnel- 
ling in the granular aluminium system 
(Phys. Rev. Lett. 53, 2437; 1984). 

Granular aluminium, which is a mixture 
of grains of metallic aluminium and ator- 
phous aluminium oxide, is one of a number 
of systems from which a series of speci- 
mens, ranging from pure metallic to pure 
insulating, can be prepared by varying the 
metal volume fraction. The granularity, 
which can be seen by transmission electron 
microscopy, is clearly marked in the 
middle range of concentrations, where the 
metal-insulator transition occurs. Many 
theoretical models that attempt to explain 
properties of granular metals do explicitly 
take this granularity into account. 

A very different interpretation that has 
been used by Dynes ef al., among others, 
is that the properties of granular aluminium 
can be interpreted as if the system were an 
amorphous metal in which the disorder is 
on an atomic scale. This outlook is com- 
monly justified by the assumption that all 
relevant length scales are larger than the 
grain size, and it is in this framework that 








thé importance of the new tunnelling 
measurements becomes apparent. 

The experiments use the technique of 
electron tunnelling at low temperatures of 
approximately 0.06 K, which is much less 
than the superconducting transition 
temperature, to measure the density of 
states of the elementary excitations (quasi- 
particles) of the superconductor. In low 
resistivity specimens it is not surprising that 


a 2Г |: 0.0015 meV 


N(E) 








оо ол 04 05 0.6 


02 0.3 
E(meV) 


The density of states, N (E) deconvoluted from 
the experimental data. The dashed line is a BCS 
density of states broadened by the value of Г 
shown in each figure. The ‘lifetime’ of a quasi- 
particle is A / Г: a, Specimen with small broaden- 
ed effects; b, specimen very close to metal- 
insulator transition (modified from Dynes, R.C. 
etal Phys. Rev. Lett. 53, 2437; 1984). 








granular aluminium behaves exactly as an 
ordinary superconductor with a sharp 
asymmetrical peak in the density of states 
clearly defining the edge of an energy gap, 
in good agreement with the Bardeen, 
Cooper, Schrieffer (BCS) theory of super- 
conductivity. At higher resistivities very 
close to the metal-insulator transition, 
however, the density of states is no longer 
zero at low excitation energies and the 
discontinuity is replaced by a broad smooth 
maximum. 

Dynes ef a/. have successfully fitted their 
data with a BCS density of states modified 
to take into account broadening caused by 
a finite lifetime of the quasi-particles in the 
granular superconductor. In this case the 
lifetime 1s limited by inelastic scattering 
processes, which have been of great interest 
recently in connection with the tendency of 
electron states to become localized as the 
metal-insulator transition is approached. 
The values of the inelastic scattering rates 
deduced from the tunnelling measurements 
are consistent with those deduced from a 
different experimental approach, measure- 
ment of the magnetoresistance. 

Thus, superconductivity seems to die 
away near the metal-insulator transition by 
a gradual lifetime broadening of the 
density of states concomitant with the 
appearance of quasi-particle states in the 
region where there is an energy-gap in lower 
resistivity specimens. A particular oddity 
of these results is that they imply that 
moderately strong indications of supercon- 
ductivity still appear close to the energy at 
which the sharp peak occurred in the low 
resistivity specimens. This may be con- 
nected with the long tails reported by Dynes 
et al. in the resistive transitions of the 
highest resistivity specimens. 

Further intriguing questions are: first, 
what happens at much lower temperatures 


' when the lifetimes of the quasi-particles 


should become longer? Does the full BCS 
gap reappear? The implication is that the 
closer one approaches the metal- 
insulator transition, the lower must the 
temperature be in order to see the full 
supertonductivity. Second, does some 
inelastic scattering mechanism peculiar to 
the granular structure come into play or are 
the mechanisms found in amorphous 
metals still operating in the granular 
system? 

Although the new results seem to pro- 
vide firm support for the quasi-homogen- 
eous medium approach, it still remains to 
reconcile this point of view with approaches 
that do assume the granularity to be rele- 
vant. These include those workers who seek 
to explain the properties of granular metals 
in terms of percolation through an 
assembly of randomly linked grains, and 
those focusing on the consequences of elec- 
trostatic charging of the grains on the 
stability of the superconductivity. О 
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Radial profiles of the ion density and flux-tube content in the Io torus have peak values inside Io’s orbit, even though Io 
is the effective source of these ions. Formation of an inward peak constrains either the velocity distributions or source 
regions of sputtered neutrals. A further constraint is that the ionization of neutrals on trapped trajectories that return to 
Io's surface must be limited. A dominant sulphur source is most easily reconciled with these constraints. 





Io, the innermost of the four Galilean satellites, has a dense 
torus of plasma associated with it. This torus, perhaps the most 
intriguing feature of Jupiter’s magnetosphere, has been the 
subject of intensive research and debate. Recent ground-based 
measurements of the torus', as well as measurements from the 
Voyager spacecraft”, have shown that both the ion density (Fig. 
“la, b) and NL, the flux-tube content (Fig. 1c), attain their 
maximum values as functions of radial distance from Jupiter 
well inward of Io's orbit, with NI? falling off sharply inside 
~5,6 jovian radii (Ry). 

Many features of the radial profiles can be understood in 
terms of radial diffusive transport”. Because diffusion driven 
by macroscopic processes in planetary magnetospheres is 
accomplished by the interchange of magnetic flux tubes, NL?, 
proportional to the number of ions per unit magnetic flux, is 
the diffusing quantity*. (The parameter L labels a field line and, 
in a dipole field, L is the distance in planetary radii from the 
centre of the planet to the equatorial point on the field line. N 
is the number of ions per unit L.) The radial profile of NL’ is 
consistent with diffusive transport of ions only if their source 
attains a maximum value near 5.6-5.7 Ry. Centrifugal forces 
drive rapid outward diffusion, consistent with the relatively slow 
outward decrease of NL? beyond 5.7 R;. Slow inward diffusion 
driven by atmospheric winds explains the sharp decline inward 
from 5.6 R}, but the heavy ions that form the torus must originate 
from matter on Io itself. The main purpose of this paper is to 
explain why, although Io is the actual source of particles, the 
peak in NL’ occurs inside its orbit. Specifically, we have calcu- 
lated the trajectories of neutral particles ejected from Jo and 
have examined the conditions under which they tend to be 
ionized inside Io’s orbit. We find that the requirement of a 
localized peak constrains either the spectrum of sputtered 
neutrals or their source locations on Jo, or both. A further 
constraint is placed on the ionization of neutrals on trapped 
(non-escape) trajectories. 


Calculations and modelling 


Jt is generally agreed that the ions in the torus originally are 
ejected from Io as neutrals forming neutral clouds extending 
. far from Io. These neutrals are ionized eventually to form the 
torus*-'?, This sequence suggests a possible explanation for the 
peak in NI? inwards of Io's orbit; perhaps the trajectories of 
neutrals are such that they tend to be inward of Io's orbit at the 
time they are ionized'. We have investigated this possibility 
using simple models for the production of ions from the neutrals. 
“Ye have assumed that neutral particles are ejected from Io’s 
quator with initial positions spaced uniformly in longitude and 
2parated by 5? (see Fig. 2a). At each initial position, 100 neutral 
articles are ‘launched’ radially, with specified initial velocities, 


each set of particles having a distribution of lifetimes of the 
form (Fig. 25) 


P(t) dt = (г/т) exp (—t/7) (1) 


We ignore the consequences of misalignment of magnetic and 
rotational poles. Thus, the position of a neutral at the end of 
its life defines the radial coordinate of a newly created ion. To 
be physically meaningful, it is important that a distribution of 
lifetimes be used for the model, because if only the average 
lifetime were used there would be no way for the particles from 
a given source position with given velocity to spread in radial- 
position. 

At each initial position, trajectories were calculated for 
velocities in the range 1.0-4.0 km s~' in increments of 0.1 kms". 
We used an orbit calculation program (OBCAL) that integrates 
the equations of motion for the particles, taking into account 
the gravitational forces of Jupiter and Io, the other three Galilean 
satellites and the J, term in Jupiter’s gravitational potential. 
(The Galilean satellite trajectories are modelled as slightly 
inclined ellipses.) Ephemeris data for the Galilean satellites 
were provided by the Jet Propulsion Laboratory (JPL). The 
program was tested by comparing calculations of the positions 
of both Io and the Galileo spacecraft with calculations perfor- 
med by JPL; discrepancies were <5 X107? Ry. 

Sputtering, in which charged particles collide with neutral 
matter and neutral atoms and molecules are emitted, is believed 
to be the dominant process responsible for ejecting matter from 
Io. To calculate the number of particles at a given velocity, 
we have assumed velocity distributions expected for sputtering. 
The particles are assumed to come from the surface of Io; 
however, this should not be construed as eliminating the possi- 
bility that the particles could originate from the atmosphere or 
exobase. As any assumed surface source distribution maps to 
a shifted velocity distribution at the atmosphere or exobase, our 
solutions also apply to the mapped sources at these altitudes. 
Note that all our sources are located at Io’s equator and Io is 
assumed to lie in the magnetic equatorial plane; these assump- 
tions serve to make the calculation manageable. High-latitude 
particles emitted radially would have similar trajectories except 
that their orbits would be inclined with respect to the spin 
equator. Because energy is used to incline the trajectory rather 
than to change the apsides of the trajectory, high-latitude parti- 
cles in general need higher initial velocities to escape and to 
achieve the same eccentricity as equatorial particles. Therefore, 
the trajectories of high-latitude particles should be similar to 
those of equatorial particles, except that the orbits will be 
inclined and higher initial velocities will be necessary to achieve 
the same displacement from Io's orbit. By neglecting the tilt of 
Jupiter’s dipole, we do not take into account that the L shell of 
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Fig. 1 a, Radial profile of in situ measurements from the Voyager spacecraft of charge density in the Io torus. The peak occurs well inside 

Io's orbit, at ~5.7 К, (adapted from ref. 3). b, Radial profiles of ground-based measurements of sulphur-ion densities. Again the peak occurs 

inside of Io's orbit (adapted from ref. 1) c, Radial profile of №2, proportional to the total number of ions per unit magnetic flux, based on 

measurements from the Voyager spacecraft. This function, conserved in adiabatic transport, enters the canonical form of the equation for 

radial diffusion. The peak in NL? occurs at 5.6-5.7 R; and thus requires a source of ions in this region. There also seems to be a ‘plateau’ at 
5.2-5.3 R, in the cold torus (this also appears as a small peak in a and b; adapted from ref. 2). 


a newly created ion is necessarily the same or larger than the 
radial distance at which ionization occurs. However, because 
the electron density (and hence the ionization rate) is much 
higher in the centrifugal equator!!, neutrals will tend to be 
ionized when they are in the centrifugal equator. The change 
in L shell is then very slight («0.02 R;) and should not have 
any significant effect on the profiles shown here. 


Results 


Unless otherwise noted, our calculations assume a spatially 
uniform probability of ionization. First, we consider a mean 
lifetime of 40 h, appropriate for sulphur atoms being ionized by 
electron impact near Io. This is the lifetime that results if we 
use commonly accepted rate coefficients??? and an electron 
density of ~2,000 cm’. Figure За shows the radial distribution 
of new ions from neutral particle sources distributed from 0 to 
90? in longitude. Neutral velocities are assumed to obey what 
is called a thermal spike velocity distribution" 


f(v) dv v? exp (^ mv?/ kT) dv (2) 


and only neutrals above the escape velocity (о> 2.3 km s^!) are 
considered. (Here T, an arbitrary parameter characterizing the 
steepness of the distribution and not related directly to the actual 
temperature of the source, was chosen as 4,000 K. The thermal 
spike velocity distribution is only an approximation to observed 
sputtering spectra. For example, values of 2,000 3,600 and 5,200 
K have been used to represent spectra for sputtering of various 
materials.) Note that a peak in density occurs between 5.6 
and 5.7 К, as required by the data. One should also recognize 
that the plotted profiles in Figs 3-5 are proportional to the 
source rate in a diffusion equation for NL’. , 

Figure 3a shows that sputtered neutrals above the escape 
velocity with a plausible velocity distribution produce the spatial 
localization needed for a source of Io torus ions. The neutrals 
that tend to contribute most to the ionization peak between 5.6 
and 5.7 К, are those with a velocity slightly above the escape 
velocity (2.3-2.5 km s !). This can be understood as follows: 
particles that barely escape from Io, once away from Io, are on 
nearly circular trajectories around Jupiter and thus tend to be 
ionized at roughly the same distance independent of the lifetime 
of the neutral. Those neutrals that are injected inward thus tend 
to be ionized inwards of Io's orbit in a fairly narrow range of 
radial position. For higher injection velocities, neutrals tend to 
be on more elliptical trajectories and are thus ionized with a 


wider spread in radial position. As the thermal spike velocity 
distribution heavily favours injection of neutrals at lower 
velocities, neutrals with injection velocities favourable for for- 
mation of the inward peak tend to dominate the escaping parti- 
cles. The 0-90? region of longitude is also favourable for forma- 
tion of the desired peak because neutrals ejected from this region 
proceed on trajectories inwards of Io's orbit. However, as will 
be shown later, a source of neutral particles spread uniformly 
in longitude can also form the required inward peak. Our para- 
meters are chosen to describe sulphur; however, because the 
results are relatively insensitive to lifetime they probably apply 
to oxygen as well. 

Note that when all important gravitational forces are con- 
sidered, particles with velocities as low as 2.3 km s^! can escape 
Io even though the escape velocity from Io as an isolated body 
is almost 2.6 km s^!. The number of neutrals ejected above the 
escape velocity gives the only constraint on the T parameter in 
the thermal spike velocity distribution. With T — 4,000 K, as in 
this calculation, ~4% of the neutrals escape. As will be shown 
below, this gives an adequate supply rate of neutrals. 

Thus far, we have considered only neutral particles on trajec- 
tories that allow them to escape from Io. However, there is 
nothing in our model to prevent the ionization of neutrals on 
trapped trajectories (particles that, if not ionized, ultimately fall 
back to the surface of Io). Because the sputtering velocity 
distributions favour low velocities, a large fraction of neutrals 
will be on these non-escape trajectories. If we consider the same 
velocity distribution as in Fig. 3a with the same longitudinal 
region of sources, but include the ionization of neutral particles 
below the escape velocity, the radial distribution of newly 
created ions shown in Fig. 3b is formed. A small peak forms 
between 5.6 and 5.7 Ry, but contrary to the observations, a sharp 
peak forms at 5.9 Кү. This sharp peak forms because many more 
neutral particles are on trapped trajectories than on escape 
trajectories. Because of Jupiter's gravitational force, these low- 
velocity particles get much farther away from Io and take much 
longer to fall back to Io's surface than if only Io's gravitational 
force were considered. We are presently working on calculations 
of the neutral density near Io and find that the requirement oh» 
an adequate source rate of neutrals above the escape velocity 
implies that a dense neutral cloud (—105-10 cm ?) forms withir 
3 Io radii of the surface of Io. For the case shown in Fig. 35, : 
source rate of 3 x 107? ions s^! into the torus implies that 10? 
ionizations s^! occur near Io, greater by an order of magnitud 
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Fig. 2 a, Coordinate system for neutrals ejected from Io. The 
circle represents Io seen from above Io's orbit plane. For the 
calculations, particles were ejected uniformly in longitude with a 
separation of 5? between each position. The shaded area of the 
diagram shows the region where sulphur volcanoes are observed 
on Io?. Note that the coordinate system is right-handed, opposite 
to the one used by ref. 25. b, Histogram of a typical distribution 
of lifetimes, generated for a mean lifetime against ionization of 
40 h for a spatially uniform probability of ionization. The distribu- 
tion gives the probability that an atom survives a time t and is 
1onized between г and t+dt The radial position of a neutral at 
the end of its life defines the radial coordinate of the newly created 
ion с, As b for the case of a molecule that is first dissociated and 
the products subsequently ionized: тү, mean lifetime for dissoci- 
ation of S,, was assumed to be 46 h (see text); 72, the mean lifetime 
for ionization of S, is 40 h. A spatially uniform probability of 
electron impact is assumed. As the probability of ionization in the 
first few hours is small, the number of ions formed from neutrals 
on trapped trajectories is relatively insignificant. Because апу S 
ions formed are lost quickly by dissociative recombination, only 
S; molecules that are first dissociated contribute significant num- 
bers of ions to the torus. 


than the limit placed on ionization of sulphur and oxygen atoms 
in the vicinity of Io by observation". 

As the Io torus requires an injection rate of 2-7 x 107? ions s7 
(refs 18-20) and the sputtering velocity distributions greatly 
favour the production of particles on trapped trajectories, some 
process must limit the ionization of atoms on these non-escape 
trajectories. The ionization limit is required both to explain the 
formation of an inward peak and to be consistent with the 
Observations of limited ionization near Io. One way that the 
ionization of atoms near Io could be limited is if the predominant 
sputtering products are molecules. If an electron impact is 
required to first dissociate the molecule, and the products are 
ionized by subsequent electron impacts, then neutrals on trapped 
trajectories would fall back to the surface of Io before they 
could become ionized. 

For estimates of the importance of this two-step process we 
consider the sputtering of sulphur. Sulphur sputtered from the 
surface of Io has often been ignored as a source of torus particles 
because some estimates'®'> indicated that sputtering yields for 
this element would be small compared with those for SO;. These 
sputtering yield estimates were based on the assumption that 
the binding energy is much higher for sulphur than for SO, (ref. 
10). However, recent experiments”! have shown that sulphur 
gives anomalously high sputtering yields of the order of 10*-10° 
per incident ion when bombarded with 30-300 keV He* ions, a 
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Fig. 3 a, Radial profile of NL? divided by the total number of 
particles, calculated for neutrals ejected from longitudes between 
0 and 90? on the surface of Io with a thermal spike distribution of 
velocities, considering only velocities above the escape velocity A 
distribution of lifetimes as shown in Fig. 2b with a mean lifetime 
of 40h was used for the neutrals. The peak at 5.6-5.7 R, is the 
major feature required of a source of Io torus ions. For neutrals 
above the escape velocity, any velocity distribution of ejected 
neutrals that falls off rapidly enough with increasing velocity will 
cause the inward peak in NI? to form. A rapid fall off with 
increasing velocity is in fact a characteristic of velocity distributions 
expected for sputtering. This figure and all succeeding figures show 
possible source profiles of Io torus ions. The profile of the total 
ion density would be modified by the effects of diffusive transport, 
but the peak would remain in the same location. b, As a except 
that neutrals with velocities below the escape velocity are included 
A sharp peak forms at 5.9 R;, in contrast with the observations. 
If we normalize the number of neutrals above the escape velocity 
to be 2x10?5 s7}, an adequate source rate”? of 3 x 107? 1onizations 
s^! in the torus is obtained, but the profile shown here would 
require 102% ionizations s^! within 3 Io radii of Io's surface. 
Observations place a limit of 10?’ 1onizations s^! of sulphur and 
oxygen atoms near Io. Thus, for consistency with observations, 
some process must limit ionization of sulphur and oxygen atoms 
on trapped trajectories near Io Injection of S, neutrals as the 
dominant source of torus 10ns is consistent with this requirement. 
The profiles shown can be regarded as the source rate in a diffusion 
equation governing NL’. 


yield as much as five orders of magnitude greater than estimates 
for the sputtering yield of SO, (ref. 10). The experiments indi- 
cate that the predominant product of sputtering of sulphur is 
$5, with some larger sulphur molecules present as well. S, would 
dissociate and ionize as follows (the mean lifetime, 7, is shown 
for each process); because lifetimes for $, ionization and dissoci- 
ation were not available, lifetimes for О, were substituted?? 


S;te —S-cScte (7,=46h) (3) 

Sce 2S*-2e^ (т,=40һ) (4) 
On the other hand, the 5, molecule itself can be ionized 

Ste 9Sj;*2e (73=32h) (5) 


There is no observational limit on the ionization per second 
of S,, as the observations near Io constrained only the ionization 
rates of atomic sulphur and oxygen. However, experiments with 
OZ and МО“ show that dissociative recombination occurs 
rapidly for these molecules for electron temperatures in the 
range 0.045-4 eV (ref. 23). Extrapolation of the dissociative 
recombination rates to 5 eV gives a lifetime in the range 4-9 h 
(for an electron density of 2,000 cm ?), which is small compared 
with the ion diffusion time (30-160 days). Thus, the reaction 


Site 228 (т; = 4-9 һ) (6) 


proceeds sufficiently rapidly that апу 55 ions formed will be 
converted into neutrals. The neutrals will then have the corota- 
tion velocity and will quickly leave the torus. Therefore, S7 ions 
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Fig. 4 a, Radial profile of NL? divided by the total number of 
particles. For this and all succeeding figures, the distribution of 
lifetimes described 1n Fig. 2c was used. Neutrals were ejected from 
all longitudes of lo, with a thermal spike distribution of velocities 
(see text). The range of velocities was 1.0-4.0 km s~". The required 
inward peak forms at 5.6-5.7 R,. This is true for any velocity 
distribution that peaks below the escape velocity and falls off 
rapidly with increasing velocity. b, As a but for the limiting case 
of a collision cascade distribution (see text). A peak at Io is formed 
that is inconsistent with the required source This velocity distribu- 
tion does not fall off rapidly enough to form the inward peak, 
but does provide a direct source of neutrals over a broad radial 
range. 


will not add significantly to the NL? profiles, and we need 
consider only those neutrals that are first dissociated and then 
ionized. 

For a spatially uniform probability of electron impact, the 
probability of a neutral’s being ionized between time t and t dt 
following an earlier dissociation is of the form: 


dt 





P(t) dt= (e^ e^) (7) 


Тә Т 


If we generate neutral lifetimes using this probability distribu- 
tion (Fig. 2c) and we use the thermal spike velocity distribution 
that we used in Fig. 3, but with neutral sources at all Io longi- 
tudes, we obtain the radial distribution of newly created ions 
shown in Fig. 4a. As the dissociation of the molecules must 
occur before the individual atoms are ionized, only a fraction 
of particles on trapped trajectories are ionized and the peak at 
5.9 Ry is reduced. A clear peak of ion density forms at 5.6-5.7 R,, 
as required by the data. 

For the results shown in Fig. 4a, we have looked at a specific 
mechanism that can limit the ionization rate near Io if the source 
is rich in Sj. However, other processes can limit the ionization 
rate near Io independently of the neutral species. Because the 
neutral cloud within 3 Io radii of Io's surface has neutral 
densities orders of magnitude higher than the electron density, 
the physics must differ greatly in the neutral cloud from else- 
where in the torus. Other, possibly more important, mechanisms 
may limit ionization rates for neutrals in the dense cloud, and 
thus decrease the ionization probability for particles on trapped 
trajectories. Based on the spectroscopic observations, such a 
limitation certainly occurs. With a limitation on ionization near 
Io, any neutral species with a velocity distribution that peaks 
below the escape velocity and falls off rapidly enough with 
increasing velocity will form the inward peak. 

Some workers!" believe that the thermal spike distribution 
we have assumed is accurate only for high energy (keV-MeV) 
sputtering ions. If neutrals are sputtered by corotating ions, a 
collision cascade velocity distribution of the form 


flv) dva р? dv/(v? + v2) (8) 


' argumen 
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may give a better representation. Here vy is the velocity corre- 
sponding to the binding energy. A relatively flat velocity distribu- 
tion for neutrals does not form an inward peak if sources are 
distributed uniformly around Io’s equator. The steepest velocity 
profile allowed by equation (8) corresponds to v9 = 0; in Fig. 
4b we have plotted the ion distribution obtained for this limiting 
case. As can be seen in Fig. 4b, a small peak at Io is formed. 
Even in the limiting case, a collision cascade distribution does 
not fall off rapidly enough to produce the required inward peak. 

The results shown in Fig. 4 were calculated for sources 
independent of Io longitude, but there are reasons why ejection 
of particles from Io may be asymmetrical in longitude. For 
example, the nature of the plasma flow around Io may lead to 
preferential regions of access for the sputtering ions?*. This 
asymmetry would be highly dependent on the character of the 
interaction between Io and the torus plasma, which at this time 
is not well understood. An asymmetry in the source locations 
of sputtered particles could also occur if the dominant source 
of the neutrals on the surface were localized. SO, is found at 
roughly all longitudes; however, sulphur is confined to the region 
from 0 to 120? as illustrated in Fig. 2a (ref. 25). As mentioned 
previously, recent experiments?! have shown that sulphur gives 
very high sputtering yields, orders of magnitude greater than 
the sputtering yields estimated for SO}. Such large sputtering 
yields suggest that sulphur may be the dominant neutral injected 
into the torus. Furthermore, some calculations”® suggest that а 
4:1 injection ratio of sulphur to oxygen is consistent with the 
observed ion partitioning. If we consider sulphur neutrals with 
the thermal spike velocity distribution coming from the sulphur- 
rich regions on Io, a very sharp peak is formed (see Fig. 5a). 
Even for a collision cascade velocity distribution, the required 
peak is still formed if the sources are localized in the sulphur-rich 
regions (Fig. 5b). 


Discussion 


Our results show that the requirement that neutrals sputtered 
from Io must ultimately form a distribution of ions with a peak 
in NL’ near 5.7 Ry, substantially constrains models of the source. 
Ionization of neutrals on trapped trajectories must not contribute 
significantly to the ion population. The velocity distribution of 
ejected neutrals must fall off sufficiently rapidly with increasing 
velocity so as to favour heavily those particles near the escape 
velocity, or the source must be localized in longitude, or both. 
These requirements are easily reconciled with sulphur being the 
dominant neutral injected into the torus. S; sputtered from the 
surface of Io must first be dissociated before it is ionized, limiting 
the ionization of atomic S near Io. S7 ions that are formed will 
be lost rapidly by dissociative recombination. The sulphur-rich 
volcanoes are, in fact, confined to longitudes favourable for 
producing the observed peak”. 

The high sputtering yields for sulphur?! allow a velocity 
distribution that falls off rapidly with increasing velocity and 
yet still gives an adequate source rate for maintaining the torus. 
For example, for a 3% escape fraction, 20% surface coverage 
and incident H* ions with energies 7220 keV, it has been esti- 
mated previously!? that a sputtering yield of one would give 
10? neutrals per second injected into the torus. А 4% escape 
fraction is obtained for the thermal spike velocity distribution 
of equation (2) with T — 4,000 K. The measured sputtering yield 
of 10$ for sulphur would then imply an injection rate of 
71075 s^ approximately the rate required from other 
15101525 This rate estimate may be low, as bombard- 
ment by heavier ions could lead to even higher sputtering yields, : 
and lower energy ions (corotation energy to 220 keV) will 
undoubtedly contribute significant additional sputtering. 
Because flux-tube interchange diffusion produces strong out- 
ward mixing, the proposed sulphur source would produce a hot 
outer torus dominated by sulphur ions. It is not known whether 
sputtering of sulphur at Io will be as efficient as in the laboratory. 
In particular, the sputtering efficiency seems to increase with 
increasing source temperature?'. In this regard, the ‘hotspots’ 
seen on Io” may be areas of more efficient sputtering. The 
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Fig. 5 a, As Fig. 4a except that the neutrals were ejected only 
from the sulphur-rich regions of Io”? shown: mn Fig 2b. A sharper 
inward peak ts formed. As.recent experiments” ! indicate that sul- 
phur gives anomalously high sputtering yields, the sulphur-nich 
regions may be the predominant source of Io torus ions. Ionization 
occurring in a narrow range of radial location near 5.7 R; as shown 
heré could explain the narrow, 'ribbon-like' structure seen in 
ground-based observations of sulphur ions!. b, As a, except that 
a collision cascade velocity distribution with a binding energy of 
0.1 eV was used. An adequate inward peak is still formed, even 
though the fall off ofthe velocity distribution is much more gradual. 
Recent experiments?! on the sputtering of sulphur have shown that 
for sputtering by 3-9 keV Ar* ions, an effective surface binding 
energy of 0.1-0.3 eV 1s appropriate for sulphur. 


longitudinal locations of the hotspots are also favourable for 
formation of the inward peak. 
It is more difficult to reconcile our results with SO; as the 
dominant source. The requirement that the velocity distribution 
fall off rapidly with velocity, coupled with the much lower 
sputtering yields for SO;, make it unlikely that a dominant SO; 
source on the surface of Io could provide the necessary escape 
rates to populate the torus. Although our results do not eliminate 
sputtering from a thick SO; (or sulphur) atmosphere as the 
dominant source, they do place constraints on this possibility. 
It has been noted!??5 that sputtering from such an atmosphere 
can easily maintain the required total source rate of neutrals. 
However, the velocity distribution expected for this source?’ 
(similar to a collision cascade distribution) does not fall off 
. rapidly enough for the neutráls to form the inward peak unless 
the source is longitudinally asymmetrical. The primary sputter- 
ing product from a thick SO; atmosphere. (density of ~10'° cm? 
at the surface) would be atomic oxygen!9??, so again a mechan- 
ism that limits the ionization of neutrals near Io would be 
necessary. If the source is a thick SO, atmosphere, sputtering 
models predict more than adequate oxygen escape rates but 
.they encounter problems in obtaining even the minimum 
required sulphur escape rates!???, A thick atmosphere on the 
dayside of Io coupled with a thin atmosphere on the nightside 
that allows sputtering of sulphur from the surface of Io could 
resolve this dilemma. 
In our calculations, assumptions regarding lifetimes for 
neutrals ignore any variation of ionization probability with 
position. Thus, we have effectively assumed a uniform electron 
density (п.) and temperature (7.) distribution throughout the 
torus. In actuality, п, and T, drop sharply inside 5.7 R;, making 
ionization in the region of the observed peak more likely. By 
using a model with uniform n, and T., we are able to investigate 
the question of whether or not the peak can form inward of Io 
solely because neutral particles tend to spend most of their time 
n this region. As our calculations have shown, there are physi- 
‘ally plausible scenarios in which neutral particles will tend to 
» ionized to form a peak inwards of Io, even for uniform 
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distributions of n, and T.. This then explains how the peak in 
the ion density could form inwards of Io in the first place. 
Heating of electrons by collisions with pickup ions would then, 
in turn, produce the observed radial variation of T, (ref. 29). 
The T, variation would increase the probability of ionization 
near the peaks of the derived profiles of newly ionized neutrals. 
Thus, in a self-consistent calculation, the locations of the peaks 
we have obtained would not change, but their steepness would 
be enhanced. We believe that ‘the ribbon’ of S(11) emission 
observed! near 5.7 К; may be explained in this way. We have 
not taken into account the possible effects of collisions on the 
trajectories in our calculations. Although collisional processes 
could introduce some spread into the trajectories of the neutrals, 
our basic result, that the inward peak forms if the distribution 
of neutral velocities falls off rapidly with increasing velocity, 
should remain unaffected. 

By assuming that the dominant neutral source of torus ions 
is S}, we showed that only small: numbers of ions are created 
near Io as necessary for consistency with observations. The 
limitation to the ionization rate near Io can be achieved in other 
ways. For example, the presence of the neutral cloud near Io 
can limit the amount of ionization. Within 3 Io radii of Io’s 
surface, the density of sputtered neutrals will be much greater 
than the electron density, so it is possible that ionization near 
Io is limited by the availability of the electrons or by electron 
cooling resulting from interaction with the neutral cloud. A 
cooler electron temperature in the Io flux tube has in fact been 
observed??, If the presence of the neutral cloud does in fact 
limit ionization and other neutral species meet the constraints 
on the velocity distribution and/or source locations for forma- 
tion of the inward peak, then S, need not be the dominant 
neutral injected into the torus. 

Similar trajectory calculations have been performed pre- 
viously for sodium?'?? and a model, including the electron 
density and temperature profiles, has been published for oxy- 


gen’. The latter calculation provides useful insight into the 


supply of ions to the torus, but it does not explain why the 
radial profiles of ion density and NL? peak inwards of Io's orbit. 
In the cited calculation??, the measured n, and T, profiles were 
assumed and then the position where the particles were ionized 
was determined. The calculated radial profile of newly created 
ions obtained in ref. 33 peaks roughly at Io's orbit (Figure 8 of 
ref. 33), farther out than the peak in the ion-density data. As 
electron and ion number densities must peak in the same loca- 
tion, the electron distribution assumed for the calculation in ref. 
33 would not be maintained in a steady state. Furthermore, 
because the newly created pickup ions are responsible for the 
radial variations of n, and T,, a calculation that assumes 
observed radial profiles for these quantities does not demon- 
strate how the peaks developed inwards of Io in the first place. 
In addition, we note that the calculated?? peak in the ion-creation 
rate was obtained for particles launched from the exobase (at 
2,600 km) with a velocity of 2.6kms'^!. This velocity maps 
roughly to a velocity of 3.0 km s^! for a particle leaving the 
surface of Io. As seen in Fig. 4b, when velocities much larger 
than thé escape velocity become important, the inward peak 
does not form for sources distributed uniformly in longitude. 
In fact, for a velocity of 3.0 km s^!, even a source restricted in 
longitude will not form the inward peak. Thus it seems that the 
neutral velocity chosen for the calculations of ref. 33 is too high 
to form a peak much inside Io's orbit. Finally, we note that 
because neutrals with velocities below the escape velocity were 
not considered in ref. 33, the important effects of ionization of 
neutrals on trapped trajectories were ignored in their calcula- 
tions. 


Conclusions 


We have investigated Жайын for the formation of the peak i in 
ion density and NL? inwards of Io's orbit. We summarize our 
findings as follows: (1) Neutral particles with velocities above 
the escape velocity sputtered from sources independent of lo 
longitude will form a peak inward of Io between 5.6 and 5.7 
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R,, provided that the velocity distribution drops off sufficiently 
rapidly. We have shown that a thermal spike velocity distribution 
(equation (2)) produces such a peak whereas distributions that 
fall off as v^? or less do not create the required peak. (2) If the 
sputtering sources are confined to longitudinal regions on Io 
where sulphur predominates”, the inward peak is obtained even 
for less steeply decreasing velocity distributions (such as col- 
lision cascade). If a thermal spike velocity distribution is used, 
a sharper inward peak is formed. (3) Velocity distributions 
predicted for sputtering of neutrals place many more particles 
on trapped (non-escape) trajectories than on escape trajectories, 
so an adequate source rate? of ions in the torus (2-7 x 1075 s^!) 
implies that a dense neutral cloud (105-105 cm?) will form 
within 3 Io radii of Io's surface. Ionization of atomic sulphur 
and oxygen in this cloud must be limited by some process to 
satisfy observational constraints on ionization!" and for forma- 
tion of the inward peak. (4) The above results are more readily 
reconciled with 5, being the dominant neutral injected into the 
torus rather than SO, or O. In particular, the large sputtering 
yields recently demonstrated for sulphur^' would allow sput- 
tered sulphur to have a steeply decreasing velocity distribution 
and still give an adequate source rate of neutrals into the torus. 
In addition, the sulphur-rich volcanoes on Io are confined to a 
longitudinal region favourable for producing the inward реак. 
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A dominant SO, source on the surface is unlikely, because if 
SO, were sputtered with the required rapidly decreasing velocity 
distribution, the source rate of neutrals into the torus would 
seem to be inadequate. If the presence of the dense neutral 
cloud near Io limits ionization of all neutral species, a thick 
SO, atmosphere cannot be eliminated; however, velocity distri- 
butions previously estimated for this possibility”? do not fall off 
rapidly enough with increasing velocity to produce the inward 
peak without invoking a source that is asymmetrical in longitude. 
(5) Although the above arguments suggest that the dominant 
source of ions in the hot torus is neutral sulphur, consistent 
with previous evidence from ion partitioning^s, an SO, or О 
source with a collision cascade velocity distribution would pro- 
vide ions more widely distributed in radial distance and these 
ions may dominate the inner cool torus, whose composition 
need not be the same as that of the hot torus. 
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Frequencies of solar 5-min oscillations can be used to determine directly the sound speed of the solar interior. The 
determination described here does not depend on a solar model, but relies only on a simple asymptotic description of the 


oscillations in terms of trapped acoustic waves. 








SOLAR 5-min oscillations are acoustic waves that propagate in 
a waveguide beneath the surface of the Sun. For any particular 
wave, the guide is a spherical shell whose boundaries depend 
on the frequency and wavenumber of the wave. Upward directed 
waves are reflected just benath the photosphere, where the 
density scale height is comparable with the wavelength. Refrac- 
tion of a wave initially propagating downwards deflects the path 
back towards the surface, at a point where the local horizontal 
component of the speed of the wave is equal to the sound speed. 

The frequency of a wave that resonates in the waveguide 
depends on the variation of the sound speed with depth. The 
latter determines both the locations of the boundaries of the 


cavity within which the wave can propagate and the time it takes 
for the wave to traverse that cavity. By considering successively 
the frequencies of a sequence of modes that penetrate deeper 
and deeper, it is possible, at least in principle, to measure how 
the sound speed varies with depth. 

Using an approximation to the observed dispersion relation. 
presented in ref. 1 for modes with degrees in excess of 100, і» 
has already been possible to estimate the sound speed in the 
upper half of the convection zone”. More recent observations?" 
have isolated modes with degrees as low as unity, which sampl: 
almost the entire volume of the Sun. Therefore, we should nov 
have sufficient data to infer the sound speed almost everywhere 


NATURE VOL. 315 30 MAY 1985 














н : 379 
ARTICLES 
005 
‘ 0 
ca c? 
T(n«a) c? c 








10 


10 


* 
w/Kns (Мт) 


Fig. 1 Observed modes of solar 5-min oscillations collapsed 
according to the dispersion relation (1) with a — 1.58. Units of о 
and kp, are 87! and Mm “, respectively. 
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Fig.2 Result of inverting computed eigenfrequencies of a solar 

model, using equation (13) to obtain an estimate c2, (continuous 

line) of the square of the sound speed. Dashed line, square of the 
actual sound speed с? in the model. Units of speed, Mm 571. 


Dispersion relation 


A convenient form for analysing high-frequency p modes was 
introduced by Duvall’. He showed that if (n + a)/ о is plotted 
against о/ kps, where n is the order of the mode, о is its frequency 
and k,, is the horizontal component of its wave number vector 
in the photosphere, a value of the constant œ could be found 
for which high-degree 5-min modes lie very close to a single 
curve. Thus, 


BEE TE (1) 


where L is related to the degree l of the mode by 
12= I(1+1) = К?К, (2) 


Ro being the radius of the Sun. For the modes considered 
originally, о = 1.50. This relation, with a somewhat different 
value of о, holds also for the eigenfrequencies of a solar model". 
It is exact for a plane-parallel adiabatically stratified polytropic 
envelope" and deviations from it estimate an upper bound to 
the departure of the temperature gradient in the solar convection 
zone from its adiabatic value". We now demonstrate that the 
relation is an asymptotic property of high-order acoustic modes 
in a spherical star, even when the stratification is not polytropic. 

With respect to spherical polar co-ordinates (r, 8, ф) the ver- 
tical component v of velocity, say, of a linearized normal mode, 
has the functional form 


vr, 6, $, t) = Ке V(r) YT (6, $)e """], (3) 


where YT is a spherical harmonic of degree І and order m. 
Similar expressions hold for the perturbations in pressure and 
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Fig. З Thick line, relative deviation (c2, — c?)/ c? of the inferred 
squared sound speed c2, shown in Fig. 2 from the actual value of 
c? in the theoretical model. Thin line, relative deviation from c? 
of the squared sound speed c? in Fig. 4 inferred from the solar data. 


density. The amplitude function V satisfies a differential 
equation which admits, with appropriate boundary conditions, 
a discrete set of eigenfunctions that can be labelled with an 
integer n. The problem can be treated by standard asymptotic 
techniques when n is large®'°. The following simplified argu- 
ment contains the essential physics, and to a good approximation 
yields the correct dispersion relation. 

For modes with frequencies well in excess of the maximum 
buoyancy frequency in the Sun's interior (~0:5 mHz in standard 
theoretical solar models) the effect of buoyancy may be neglec- 
ted. Furthermore, high-order modes produce a negligible per- 
turbation to the gravitational potential. They may be character- 
ized by a local wavenumber k whose vertical component k,(r) 
is much greater than the curvature and the inverse scale heights 
of the unperturbed structure of the Sun. The waves are therefore 
locally plane, satisfying 


v(r, 0, ф, t) oce ern | (4) 


where r is the position vector and К and о are related by the 
pure acoustic dispersion relation 


а= 0а (0) (5) 


with k = |А. This simple relation is not valid close to the upper 
reflecting boundary of the cavity, where scale heights are com- 
parable with k;'. Nor indeed does it even predict the existence, 
of that reflecting boundary. Where the relation is valid, however, _ 
it determines k,(r) according to 
o? I? 
= 0-5-5 (6) 
Near the solar surface w?/c? >» L?/r’, unless L is very large, 
and К» kj. The waves propagate almost vertically, and the 
structure of the amplitude function V is essentially independent 
of the horizontal component k, of the wave number vector. As 
ғ decreases, so does w?/c*. Thus, according to equation (5), К 
decreases with depth. The wave is refracted away from the 
vertical, and is eventually turned back at r= r, where 


т en) = 12/° (7) 


and propagation is locally horizontal. 

From a comparison of the separated form of equation (3) 
with the local approximation in equation (4), it is evident that 
beneath the outer reflection point V(r) is an oscillatory function 
where г> г. In particular, the difference in phase between the 
inner turning point r= г, and the outer reflection point r= R, is 


an 
av=[ k, dr (8) 


Had the mode been trapped between rigid surfaces the condition 
imposed by the waveguide would have been AY = ил, where n 
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is an integer. But the existence of evanescent regions above and 
below the cavity introduces an additional phase shift.ma’. There- 
fore, the dispersion relation is 


Ro, fœ? [NV 
av- | (2-5) dr - (nt a) (9) 


Because the upper limit of integration is close to the surface of 
the Sun, we replace it by Ro and absorb the small change in 
the integral into a’, dropping the prime. The integral is now the 
product of о and a function of w/L alone, because, according 
to equation (7), г, depends on о and L only in the combination 
o/ І. Consequently the dispersion relation (9) becomes 


re» |" (5-4) $-29*9 о 


n \e wj] r «бф 


where w=w/L. 

The phase shift introduced at the lower.turning point is only 
weakly dependent on the structure of the solar model, because 
there the local dispersion relation (5) is a good approximation 
and the geometry of the deflection of the wave is adequately 
taken into account by the integrand in equation (10). Indeed, 
equation (9) may be derived directly from ray theory", in which 
А is expressed as an integral along a ray whose geometry is 
determined by equation (6). 

For low-degree modes r,/Ro<1 and equation (10) may be 
approximated by 


w= п(п+31.+ а) (^3) (11) 


0 


This can be compared with the dispersion relation for high-order 
acoustic modes of an isothermal gas confined in a rigid sphere, 
which is known exactly, and whose leading term is of the form 
in equation (11) with L+ 2a replaced by !+ 1. Thus, in this limit 
the form of equation (10) seems to be roughly correct, provided 
l is not too small. 

To estimate the phase factor æ it is necessary to account also 
for the phase shift on reflection at r= R,. For this we consider 
the limit of high degree. In that case the modes are confined to 
the convection zone, which we approximate by an adiabatically 
stratified plane-parallel polytrope of index » under constant 
gravity g. Then equation (10) becomes 


o^ —2u^7 (n + a)gky, (12) 


which is identical to the exact dispersion relation under these 
conditions?" if a = 1/2. Since conditions near r = К, are essen- 
tially independent of Г, we deduce that this constant value of a 
is approximately valid for all L Then equation (10) takes the 
form of equation (1). Moreover, if L were replaced by /+4, the 
approximation (11) would agree precisely with the leading term 
of previous asymptotic analyses*!? of low-degree p modes. 


Observations 


Measurements of o (n, I) were made from two sets of Doppler 
observations using one or more of three different methods. The 
first data set! consists of a spectrum of prograde and retrograde 
sectoral and nearly sectoral modes with 105 < 1 < 892. The resol- 
ution is ~10in I and the uncertainty in the spatial scale is 
~0.5%. Frequencies were estimated by centroid analysis, and 
zonal-mode frequencies were deduced by averaging correspond- 
ing prograde and retrograde frequencies. The second data set* 
consists of a spectrum of zonal oscillations with 1 = I < 200, with 
a resolution of ~3 in ! and a scale uncertainty of ~0.5%. For 
1= 20 individual modes could be isolated and identified, and 
their frequencies measured to +2 рН. For 17» 20 spline func- 
tions were fitted by eye to visual representations of sets of modes 
of like order n and used to determine the frequencies; we 
estimated that the frequencies determined in this way are correct 
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Fig. 4 Square of the interior sound speed c2 in the Sun (con- 
tinuous line) obtained by inverting the data іп Fig. 1. The value 
of c? in solar model is included as a dashed line for comparison. 
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Fig. 5 Relative discrepancy (c2— c2,)/c2, between the squared 
sound speeds in Figs 2 and 4 obtained by inverting corresponding 
oscillation frequencies of the Sun and the solar model. The shaded 
region lies within one standard deviation of that part of the error 
in the inferred values of c2 resulting from random errors in the 
data It was computed from many theoretical realizations of the - 
data obtained by adding random errors to the real solar data with 
the same variance as the error estimates that are indicated in the 
text. 


to within +10 »Hz. When a mode was present in both data sets 
the average frequency was adopted in the subsequent analysis. 
A comparison of the original data sets revealed a systematic 
discrepancy that was larger than the estimated errors in either. 
The root of the discrepancy was traced to an error in the 
reduction of the high-degree data, which caused spatial scales 
to have been overestimated by 196. Accordingly we increased 
the values of ! in the original high-degree data set by 1%, 
although an increase of 1.496 would have minimized the dis- 
crepancy. In total, 2,820 modes were used, with lower turning 
points r, in the range 0.06-0.994 Ro. Note that the quality of 
the estimates and the degree of smoothing changes at | = 20 and 
in the range 105-200. 

The relation defined by equation (1) was fitted to the combined 
data, which are shown in Fig. 1. It was determined by choosing 
a such as to minimize the spread in the data, spread being 
measured by the sum of the squares of the altitudes of all 
triangles whose vertices are triplets of data points in Fig. 1 with. 
consecutive values of w/k,,; for this purpose the base of a 
triangle is defined as the line joining the two points of a triplet 
with the extreme values of w/k,,. This yields a — 1.58; other 
definitions of spread, such as the r.m.s. deviations of the data 
from an appropriately chosen smooth curve, gave similar results. 

On the whole the scatter in the data decreases as о/ К, 
increases: those modes considered in ref. 1 having w/k,,S 
0.1 Mm s^! have an r.m.s. deviation from a smooth curve of 
~0.4%, whereas the deviation is less than 0.1% when o/k,,> 
1Mms !. Theoretical eigenfrequencies of a solar model behave 
similarly. Therefore, it seems that much of the variation can be, 
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attributed to the inaccuracy of our simple asymptotic analysis, 
which increases as l increases. ; 


Inversion of dispersion relation 


The first part of equation (10) can be inverted" to vel rasa 
function of c/r: 


2 fer 
r= Ro exo at ! 
тук 


t 
where c, is the value of c'at r= Ro. According to the second 
part of equation (10), the function F is equal to the observed 
quantity т(п+ o)/ о. Consequently equation (13) can be used 
to determine c(r) from the observations presented in Fig.1 
without any recourse to a solar model. 
Given the simplified nature of the arguments leading to 


equation (10), the reliability of equation (13) may at first sight ` 


seem rather dubious. Therefore before using it to analyse the 
real solar data we tested it on a theoretical solar model. Adiabatic 
eigenfrequencies of the modes corresponding to those that had 
been observed on the Sun were computed, using the equilibrium 
solar Model 1 of ref. 12. These were fitted to the relation (1) in 
the manner described above, yielding a = 1.39. A representation 
of the function F was then obtained by applying twice a 15-point 
running mean to the theoretical analogue of Fig. 1. The smooth- 
ing is necessary because deviations from the simple asymptotic 
law of equation (10) cause modes of different order to lie on 
somewhat different curves. The resulting estimate of F(w) was 
extrapolated to w = c,/ Ко, with the power law Aw’, with the 
coefficients а = 1.035 and А = 1.70 x 10" (in c.g.s. units) chosen 
to match smoothly onto the lower end of the theoretical data. 
Its derivative was evaluated by centred second-order accuracy 
differencing of the smoothed representation of the data. Finally 
the expression on the right-hand side of equation (13) was 
evaluated using a difference scheme tailored to accommodate 
the square-root singularity in the integrand. 

In Fig. 2 the square of the sound speed (c2,) inferred by this 
procedure is compared with the actual value of c? in the solar 
model. In a substantial region the result of the inversion is quite 
accurate. This is emphasized in Fig. 3, which shows the relative 
errors in the inferred values of c^. For r/ Ко between 0.4 and 
0.9, the error in c? is «2.596. 

Inview of the breakdown of the assumptions of the asymptotic 
theory near the surface, the large error when r> 0.9 Ro is not 
surprising. The reason for the errors in the deep interior is less 
obvious, although it appears to arise in part from the fact that 
the inversion procedure is incremental, and can accumulate 
errors in the asymptotic analysis that occur nearer the surface. 


Determination of solar sound speed 


The inversion of the solar data in Fig. 1 was performed in 
exactly the same way as for the artificial data, except that the 
parameters definining the power law used to extrapolate F to 
. the surface were a = 0.846, А —2.63 x 10$. The results are presen- 
ted in Figs 3-5. 


The qualitative features of the inversions shown in Figs 2 and ` 


4 are quite similar. A quantitative comparison is made in Fig. 
5, in which the relative deviation of the square of the inferred 
solar sound speed (c2) from that inferred by inverting the eigen- 
frequencies of the theoretical model (сы) is plotted. In the region 
between 0.4 Ro and 0.9 Ro, where the inversion is expected to 
work well, с2 is within 3% of с. Furthermore, it is striking 
how the difference between с2 and c2. follows the errors in the 
inversion of the theoretical data; both of which are shown in 
Fig. 3. In particular, the behaviour is similar above 0.9 Ro and 
below 0.4 Ro, where our inversion technique seems to fail. 
Systematic errors arising from! inaccuracies in the simple 
asymptotic procedure are similar for the Sun and the solar 
model, suggesting that the error in Fig. 5 is substantially less 
than the discrepancies plotted in Fig. 3. 

To test this hypothesis, we compared inversions of 5-min 
eigenfrequencies of two theoretical models. of the Sun: Model 
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Fig. 6 Solid line is the relative difference (c3 — c2)/ c2 between 

the inferred squared sound speeds c? and c ^ of Model 1 and Model 

A of the Sun obtained by inverting the frequencies of 363 5-min 
modes. Dashed line, actual relative difference. 


A of Christensen-Dalsgaard et al? and Model 1 (see ref. 12). 
The sound speeds in the two models differ substantially beneath 
the convection zone and thus provide a basis for assessing the 
significance of the deviations plotted in Fig. 5. Inversions were 
performed on 363 common modes whose frequencies lie in the 
range spanned by the solar observations. The relative difference 
between the squares of the sound speeds thus inferred is plotted 
in Fig. 6, together with the actual difference. Because relatively 
few' modes were used, the errors in the inversions are rather 
greater than those illustrated in Fig.3. However, they largely 
cancel in the difference plotted in Fig. 6, suggesting that except 
close to the solar surface and close to the centre, inversion errors 
contribute less to Fig. 5 than errors in the data. We conclude 
also.from this comparison that the inversion technique is not 
sensitive to the detailed structure of the surface layers of the 
Sun. The sound speeds in Model A and Model 1 differ by up 
to 896 near the upper turning point R,, and influence the 


. frequencies of all 5-min modes whatever the value of l. However, 


as Fig. 6 demonstrates, those influences are successfully cancel- 
led in that aspect of the function F(w) that determines the sound 
speed at greater depths. This is achieved largely by absorbing : 
the influence of the surface layers into the constant a, which 
takes different values for the two solar models. ' 

We have also determined the effect of the spatial scale error ' 
in the original high-degree data by comparing inversions with 
and without the 1.01 scale factor imposed on l. At radii greater 
than 0.8 Ro the inférred sound speeds differed by ~0.5%. At 
greater depths the difference decreased, and was «0.196 for 
r «0.6 Ro. 


Discussion 


Itseems that in the region where we have succeeded in measuring 
c(r) the differences between the solar values and those of the 
theoretical model are quite small. However, there is an indication 
that for r between 0.3 Ro and 0.5 Ro the sound speed in the 
Sun is generally somewhat greater than it is in the model. 
Deviations of the inferred sound speeds from a smooth curve . 
are clearly similar in the two cases, and are partly dependent 
on mode selection. An earlier direct comparison between 
observed and calculated oscillation frequencies!^ suggested that 
there is an error in Model 1 somewhere between the turning 
points of the 5-min modes with 1-20 and with [= 40, which . 
we find are located at r/ Ro 70.45 and 0.70 respectively. 

A change of curvature сап clearly be seen in Figs 2 and 4 at 
r=0.7 Ro. This indicates the position of the base of the convec- 
tion zone, which in the theoretical solar model is at r 20.71 Ro. 
In this respect the theory appears to mimic reality, and we 
deduce that the convection zone in the Sun is ~200 Mm deep. 
This value agrees with previous model-fitting calibrations by 
Berthomieu et al? and by Shibahashi et al.’®, and is somewhat 
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greater than the value for the solar model preferred by Ulrich 
and Rhodes!”!8, 

The relatively high sound speed deduced near r=0.4 Ro 
deserves comment. À possible explanation is that the opacity 
used to construct the theoretical solar model is too low in the 
outer part of the radiative interior. An increase of ~20% in 
opacity at temperatures between ~10° and —4x10*K, for 
example, would reduce the discrepancy to an insignificant level. 

It has not yet been possible to determine the sound speed in 
the energy-generating core. This is particularly disappointing, 
for we had hoped to ascertain whether there had been substantial 
mixing in the chemically inhomogeneous layers. There are cer- 
tainly grounds for believing, however, that the information is 
contained in the data'?. 

It is of interest that the values of а obtained from the solar 
model and from the observations, namely 1.39 and 1.58, are 
significantly different, which indicates that errors in the theory 
of the surface layers have been made, either in the construction 
of the equilibrium model or in the oscillation calculation. This 
has also been found from comparing the observed and calculated 
frequencies directly!^. A strength of the present approach 1s that 
it allows one to separate, in a, the effects of the surface layers 
where the physics of the oscillations is incompletely understood. 
The frequencies computed by Berthomieu et al? and Shibahashi 
et al.'® have а = 1.53 and 1.51 respectively; the corresponding 
values of a computed from just those observed modes that are 
common with the calculations are 1.55 and 1.54. Thus, these 
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models seem to represent the surface of the Sun more accurately. 
The frequencies published by Ulrich and Rhodes? have a = 
1.40, the corresponding value from the observations being 1.58. 

Solar oscillation frequencies do not satisfy the relation in 
equation (1) exactly. The deviations, although small, are sig- 
nificant compared with the accuracy of the observations. Thus, 
we have not fully used the information contained in the data. 
To do so one must use either a higher-order asymptotic approach 
or a direct numerical calculation of the frequencies. In either 
case inversion would almost certainly be an iterative process. 
In general the result of such an analysis, like many a solution 
of a nonlinear problem, might depend on an initial guess of a 
model and may not necessarily be unique. On the other hand 
the JWKB asymptotic analysis used here does provide, in 
equation (13), a unique determination of the sound speed from 
the observed function F. The asymptotic analysis is valid if the 
scale of variation of the background state is much greater than 
all oscillation wavelengths considered, and that condition is 
indeed satisfied throughout most of the interior of any traditional 
theoretical model of the Sun. Therefore it is plausible that by 
using this asymptotic determination as an initial trial in a more 
accurate inversion, and imposing constraints of smoothness on 
the solution resulting from the iteration, a good model represent- 
ing the large-scale structure of the Sun that satisfies the observed 
frequencies might be determined. 

We thank S. Frandsen for useful conversations and R. K. 
Ulrich for helping us to improve the presentation. 
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Induction of mammary carcinomas in rats by a single exposure to a carcinogen during sexual development often involves 
malignant activation of the Ha-ras-1 locus. Each of the Ha-ras-1 oncogenes present in tumours induced by N-nitroso- N- 
methylurea, but not in those induced by 7,12-dimethylbenz(a )anthracene, became activated by the same G А transition, 
the type of mutation induced by N-nitroso- N- methylurea. These results are consistent with the notion that Ha-ras-1 
oncogenes are directly activated by the carcinogen during initiation of neoplasia. 





ELUCIDATION of the contribution of ras oncogene activation 
to the development of human neoplasia has been hampered by 
the unknown aetiology of most human cancers and the impossi- 
bility of experimental manipulations. Therefore, we have investi- 
gated animal tumour model systems that closely resemble human 
neoplasia. We have shown that transforming Ha-ras-1 genes 
can be reproducibly detected in mammary carcinomas induced 
in Buf/N rats by a single dose of N-nitroso- N-methylurea 
(NMU)!. Similar results have been obtained in other 


laboratories using other carcinogen-induced animal tumour sys- 
tems^^ as well as with chemically transformed cell lines’. 
These carcinogen-activated ras oncogenes have the same type 
of activating mutations as those present in human tumours’, 
thus validating these animal tumour systems as adequate models 
for studying the role of ras oncogene activation in human 
neoplasia. 

Understanding the role that ras genes play in the multi-step 
process of carcinogenesis requires precise definition of the stage 
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Fig. 1 A, Strategy for detection of MnlI RFLPs created by muta- 
tions in codon 12 or 13 of the rat Ha-ras-1 locus. Wild-type Mnil 
restriction sites (@) near the first exon (solid box, nucleotides +1 
to +111) are indicated. The position of the polymorphic MnlI site 
(GAGG, @), nucleotides +35 to +38) relative to the sequences of 
the normal codon 12 (GGA) and codon 13 (GGC) is shown. The 
probe used is a 120-bp Hpall to Sac fragment (open box) compris- 
ing 5'-noncoding sequences derived from pNMU-1, a pBR322 
derivative containing a transforming allele of the Ha-ras-1 locus! 
and allowing specific detection of this locus, Probes encompassing 
exon-coding sequences (for example, the 154-bp Sacl DNA frag- 
ment) detect an additional band, presumably derived from the 
Ha-ras-2 pseudogene, that interferes with detection of the Мп 
RFLPs. Arrows span the normal (206-bp) and polymorphic (280- 
bp) Mnil restriction fragments detected by the 120-bp Hpall/ Sac! 
probe. B, Use of Мп RFLPs to detect Ha-ras oncogenes in DNA 
isolated from NMU-induced rat mammary carcinomas: 40 ug of 
DNA isolated from normal breasts (N) and NMU-induced mam- 
mary carcinomas (a-r) were digested for 16h with 40 U Мп 
using conditions recommended by the supplier (New England 
Biolabs). Digests were electrophoresed (18 h at 40 V) in horizontal 
2.8% agarose gels (w/v) and blotted to either Zeta-Probe blotting 
membranes (Bio-Rad Laboratories) or nitrocellulose as described 
by Ѕошћегп??. Membranes were hybridized under stringent condi- 
tions (50% formamide, 5 x SSC, 42 °C) for 72 h to 10’ c.p.m. т^! 
of ?P-labelled probe obtained by nick-translation of the 120-bp 
Нра11/ Saci DNA fragment described in A. Blots were exposed 
for 24h to Kodak XAR-5 film at —70*C in the presence of 
intensifier screens. Arrows indicate the positions of the normal 
(206-bp) and the polymorphic (208-bp) Mnil restriction fragments. 
Co-electrophoresed ФХ174 DNA digested with Haelll served as 
size standards. Upper and lower panels represent two independent 
representative experiments. 


at which they become activated. Recently, Balmain et al. have 
~ demonstrated the presence of transforming ras genes at the 

papilloma stage of 7,12-dimethylbenz(a)anthracene (DMBA)- 
. induced skin carcinomas, suggesting that ras genes are activated 
. early in tumour development’. Induction of rat mammary car- 
` cinomas by ММО does not proceed through identifiable pre- 
neoplastic stages'". We have taken advantage of two properties 
of this tumour system to investigate whether Ha-ras- 1 oncogenes 
are involved in initiation of carcinogenesis. First, NMU is known 
to specifically (299% ) induce С > A transitions (see refs 11, 12 
for reviews); Here, we demonstrate that each of the Ha-ras-1 
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Table 1 Malignant activation of the Ha-ras-1 locus in NMU-induced: 
rat mammary carcinomas* 





Mammary carcinomas Normal breasts 


Ha-ras-1 Ha-ras-1 
Strain Tested oncogene Testedt oncogene 
Buf/N 38 31 (81%) 18 0 
Sprague-Dawley 12 11 (92%) 8 0 
Fischer 344 8 6 (75%) ND ND 
Total 58 48 (83%) 26 0 





* As determined by the: Mnll RFLP assay. Correspondence between 
Mnii RFLPs and transforming activity was as high as 92% of tumour. 
DNAs tested in more {һап one gene transfer assay. None of the normal” 
breast DNAs was capable of inducing malignant transformation on: 
transfection into NIH 3T3 cells. 

* Includes four Buf/N and two Sprague-Dawley normal breasts. 
obtained from tumour-bearing animals. ND, not done. 


oncogenes present in NMU-induced mammary carcinomas 
became activated by С > A transitions in the second nucleotide 
of codon 12. No such mutations were observed in Ha-ras-1. 
oncogenes present in mammary carcinomas induced by DMBA, » 
a carcinogen that does not induce specific G > A transitions!!, 
These findings strongly implicate NMU as the agent directly 
responsible for the activation of Ha-ras-1 oncogenes. Second, 
the highly labile nature of NMU under physiological conditions. 
has defined initiation of carcinogenesis as occurring within hours 
after administration of the single tumour-inducing dose of thi 
carcinogen. Therefore, if NMU is responsible for the G>A 
mutations found in each Ha-ras oncogene, the process 0! 
oncogene activation must be concomitant with, and presumably 
contributing to, initiation of carcinogenesis. 


Mutagenesis in the Ha-ras-1 locus 


We have previously reported the presence of transforming Ha 
ras-1 genes in nine mammary tumours of inbred Buf/N rats 
induced by NMU'. One of these oncogenes was molecularly 
cloned and its activating mutation identified as a G > A transi» 
tion in the second nucleotide of codon 12 (ref. 1). This mutation’ 
eliminates a GAGG sequence that is specifically recognized by 
the restriction endonuclease Мпії, thus creating a diagnostic 
restriction fragment length polymorphism (RFLP). The first 
exon of the normal Ha-ras-1 allele is located in two МяП ОМА. 
fragments of 206 and 74 base pairs (bp) (Fig. 1A). Elimination 
of the MnlI cleavage site generates a single 280-bp Ма DNA 
fragment. Wild-type (206 bp) and polymorphic (280bp) DNA. 
fragments were identified by Southern blot analysis using the 
120-bp Hpall/Sacl DNA fragment depicted in Fig. 1A as a` 
probe. 

Thirty-one of 38 DNAs isolated from NMU-induced tumours 
in Buf/N rats exhibited the diagnostic Мий RFLP (Fig. 1B, 
Table 1). In addition to the 280-bp polymorphic fragment, each 
tumour DNA exhibited the normal 206-bp Мп DNA fragment 
indicative of heterozygosity at this locus (Fig. 1B). Similar 
results were obtained with random-bred Sprague-Dawley (11 
out of 12) and Fischer 344 (6 out of 8) rats, indicating the 
general validity of these observations. In total, 8396 (48 out of 
58) of all NMU-induced tumours tested scored as positive in 
the MnlI/RFLP assay. Of these 48 tumour DNAs, 36 (75%) 
induced malignant transformation of NIH 3T3 mouse cells in 
gene transfer experiments, verifying that transfection is a reliable 
assay for the detection of ras oncogenes. 

None of 20 normal breast DNAs obtained from 14 Buf/N 
and 6 Sprague-Dawley rats exhibited the Мп RFLP (Table 
1). Moreover, the 10 tumour DNAs that did not exhibit the 
Мп! polymorphism failed to transform NIH 3T3 cells even 
when repeatedly tested in gene transfer experiments. These 
findings indicate that. malignant activation of Ha-ras-1 
oncogenes in NMU-induced mammary carcinomas is the result 
of mutations specifically localized in a region no larger than 
four nucleotides. 











Fig. 2 Use of synthetic oligonucleotide probes to 
determine the point mutations responsible for malig- 
nant activation of the Ha-ras-1 locus in NMU-induced 
rat mammary carcinomas. A, Hybridization with probe 
Hal9-G*  (S-TGGGCGCTGGAGGCGTGGG-3)), 
which recognizes nucleotides +26 to +44 of the normal 
Ha-ras-1 locus. B, Hybridization with probe Ha19-A** 
(5-TGGGCGCTGAAGGCGTGGG-3), which de- 
tects Ha-ras- 1 oncogenes activated by G > A transitions 
at nucleotide + 35. C, Hybridization with probe На19- B a bc d e fg h i jk |! mn o pq r s t 
T (S-TGGGCGCTGTAGGCGTGGO-3), which : ‘ - е ; 
detects Ha-ras-1 oncogenes activated by G > T trans- 

versions at nucleotide +35. a, DNAs isolated from 

NIH 3T3 cells; b-s, representative NIH 3T3 trans- 3.0 = 
formants derived from NMU-induced mammary 
carcinomas; і, NIH 3T3 cells co-transfected with the 
normal Ha-ras-1 gene and pSV2-neo'* and selected 
for growth in the presence of G418. Arrowheads indi- 
cate the expected 3.0-kilobase (kb) Ніла DNA 
fragment of Ha-ras-1 containing all coding sequences 
except the first 12 nucleotides’. Abnormal migration 
is occasionally seen because the 3 HindIII cleavage 
site maps outside the Ha-ras-1 locus and is occasion- 
ally lost during transfection, In control experiments, 
none of these DNAs hybridized to pBR322 or A 
phage vector sequences. Co-electrophoresed DNA 
fragments of Hindlll-cleaved Ac1857 DNA served as size standards. Results were compiled from two independent representative experiments. 

Methods. 30 ug of each DNA was digested with 240 U of HindIII using conditions recommended by the supplier (New England Biolabs). Digests were 
electrophoresed (12 h at 50 V) in horizontal agarose gels (0.7% w/v) which were subsequently prepared for hybridization as described previously by Kidd et al. 
Dried gels were prehybridized for 1h in hybridization bufler^* containing 500 pg ml" of sonicated herring sperm DNA, Gels were subsequently hybridized for 
18 h at 64 °C with individual oligonucleotide probes at a concentration of 5 ng ml”! (2.5 x 10° c.p.m. ug ^) in hybridization buffer containing 100 ug ml ^! sonicated 
herring sperm DNA. Hybridized gels were then washed with constant agitation as follows: four changes (300 ml) of 6 xSSC for 15 min each at room temperature, 
400 ml of 6 x SSC for 30 min at room temperature; 500 ml of 6 x SSC at 66°C was then poured onto the gel and allowed to cool to room temperature (30 min). 
Finally, the gel was rinsed with 200 ml of 6 x SSC at room temperature, dried and exposed to Kodak XAR-5 film for 18h at —70 °C in the presence of intensifier 
screens. Labelling of oligonucleotide probes was performed under conditions allowing quantitative phosphorylation of 5' termini with polynucleotide kinase. 
Reactions (300 pl) contained 0.01 nmol of individual nonadecamers, | nmol (y-?PJATP (7,000 Ci mol`’; NEN), 60mM Tris-HCI (pH 7.8), 15 mM 2-mercap- 
toethanol, 10 mM MgCl, and 60 U T, polynucleotide kinase (New England Biolabs). Incubations were for 30 min at 37 *C and reactions were stopped by making 
mixtures 20 mM with respect to EDTA (pH 7.5). Labelled oligonucleotides were separated from unincorporated [y-? P]ATP by ion-exchange chromatography on 
Elutip-d columns (Schleicher & Schuell) according to the manufacturer's protocol. ??P.oligonucleotides were eluted with 0.5 ml of 1 M NaCl, 20 mM Tris-HCl 











(pH 7.5), 1 mM EDTA and added directly to hybridization mixtures. 


62 A mutations 


We next examined whether the diagnostic Мп RFLPs detected 
in each of the Ha-ras-1 oncogenes present in NMU-induced 
mammary carcinomas were always the consequence of С > А 
mutations, which would implicate the mutagenic activity of 
NMU in the generation of these oncogenes. We used oligonu- 
cleotide probes to detect specific point mutations in genomic 
DNA". We synthesized nonadecamers capable of identifying 
substitutions in position 35, the only nucleotide of the Mnil 
cleavage site that can alter the coding properties of the critical 
codon 12 of the Ha-ras-1 gene. Oligomers included Hal9-G* 
(5'-TGGGCGCTGG*AGGCGTGGG-3’, where the underlined 
nucleotides define the diagnostic MnlI cleavage site present in 
wild-type DNA and G* is the deoxyguanosine residue at posi- 
tion 35), Hal9-A and Hal9-T?. На19-А?° and Hal9T^ 
possessed the same sequence as Ha19-G? except that the residue 
corresponding to position 35 (G* in Ha’?-G*’) was substituted 
by either а deoxyadenosine in Hal9-A® or a thymidine in 
Ha19- T, The corresponding Ha19-C?? oligonucleotide was not 
synthesized because G5 C transversions would have created 
a polymorphic Pst! cleavage site that was not detected in any 
of the tumours tested (data not shown). 

Oligonucleotides probes were hybridized to HindII1-cleaved 
DNAs isolated from representative NIH 3T3 transformants 
obtained from each of 36 NMU-induced mammary carcinomas 
that scored positive in gene transfer experiments. NIH 3T3 trans- 
formants were selected because they usually contain amplified 
oncogene sequences and lack the normal Ha-ras-1 rat allele. 
Results of representative experiments are given in Fig. 1. At the 
discriminating temperature, each of the 36 NIH 3T3 transfor- 
mants tested hybridized to Ha19-A? but not to Hal19-G^ or 
Ha19-T?5, indicating that their transforming Ha-ras-1 onco- 
genes carried identical G > A transitions in position 35. DNA 
isolated from NIH 3T3 cells containing a normal На-гаѕ-1 
proto-oncogene (which was co-transfected with pSV2-neo'^) 








Fig. 3 Absence of point mutations in codon 12 of Ha-ras-1 
oncogenes present in mammary carcinomas induced by DMBA. 
A, Ha19-G? detects Ha-ras-1 genes with a normal codon 12 (G 
at position +35); В, Ha19-A? detects С > A transitions in position 
435; C, Ha19-T? detects G>T transversions in position +35. 
Arrowheads indicate the expected position of the 3.0-kb HindIII 
fragment as deduced from co-electrophoresed DNA fragments of 
Hindlll-cleaved Ac1857 DNA. a, DNAs isolated from NIH 3T3 
cells; b, NIH 3T3 transformant derived from an NMU.-induced 
mammary carcinoma; c-e, representative NIH 3T3 transformants 
derived from DMBA-induced mammary carcinomas; f, NIH 313 
cells co-transfected with the normal Ha-ras-1 gene and pSV2-neo'^ 
and selected for growth in the presence of G418. These DNAs 
were digested with Hindlll and electrophoresed in 0.7% (w/v) 
agarose gels. Dried gels were hybridized to each of the three 
nonadecamer probes using the same conditions as described in 
Fig. 2 legend. - 
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Table 2 Malignant activation of the Ha-ras-1 locus in NMU- and 
DMBA-induced rat mammary carcinomas 





Oncogene Ha-ras-1 G > A” 

Carcinogen detection” oncogene mutation 
NMU 48/58 (82%) 48/48 (100%) 36/36 (100%) 
DMBA 3/14 (21%) 3/3 (100%) 0/3 (0%) 


These results demonstrate that the same point mutation 1s responsible 
for malignant activation in NMU- but not in DMBA-induced rat mam- 
mary carcinomas 

* Results of NMU-induced tumours include Мп RFLP and gene 
transfer assays. 


hybridized to Ha19-G? but not to Ha19-A?? or Hal9-T™oligo- 
nucleotide probes (Fig. 2). These results demonstrate that 
each of the Ha-ras-1 oncogenes present in NMU-induced 
mammary carcinomas became activated by the same mutation, 
a С» A transition in the second nucleotide of the critical 12th 
codon. 


Ha-ras-1 genes in DMBA-induced tumours 


The striking specificity of our findings suggests that the activating 
G?^ > A mutations are the direct consequence of the mutagenic 
activity of NMU. However, we also considered the possibility 
that the presence of p21 proteins carrying glutamic acid residues 
in position 12 confers a selective growth advantage on the 
neoplastic mammary cells. To resolve this question we examined 
the mutations responsible for the activation of Ha-ras-1 
oncogenes in mammary carcinomas induced by DMBA. DMBA, 
unlike NMU, forms large adducts with deoxyguanosine and 
deoxyadenosine residues that lead to excision repair, thus gen- 
erating point mutations of undefined specificity!'. Representa- 
tive NIH 313 transformants derived from each of the three 
DMBA-induced mammary carcinomas known to contain a 
transforming Ha-ras-1 oncogene efficiently hybridized to the 
Ha19-G?5 probe but not to the На19-А? or На19-Т?° probes 
(Fig. 3). These results indicate that DMBA-induced Ha-ras-1 
oncogenes do not contain point mutations in either the 12th or 
adjacent codons. In agreement with these observations, none of 
these oncogenes exhibit the polymorphic MnlI RFLP (data not 
shown). 

Activation of Ha-ras-1 oncogenes in DMBA-induced tumours 
probably involves mutations in codon 61 (refs 15, 16). Although 
we have not defined the nature of such mutations, note that 
codon 61 of the rat Ha-ras-1 proto-oncogene is САА!!7. G> A 
transitions cannot occur in this codon because they will result 
in the generation of a terminator codon, TAA. Whatever the 
specific nature of DMBA-induced mutations, our results argue 
strongly against the possibility that the specific О? > A muta- 
tions of NMU-induced Ha-ras-1 oncogenes are the result of a 
positive growth selection process or a unique DNA repair system 
present in mammary cells. Instead, the results indicate that 
malignant activation of the Ha-ras-1 locus in NMU-induced 
mammary carcinomas must be the direct result of the mutagenic 
effect of NMU. 
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Biological implications 

Induction of mammary carcinomas in rats by an injection of a 
single dose of NMU is one of the animal tumour systems most 
amenable to molecular analysis’. Because of the specific 
mutagenic properties of ММО (G > A transitions) it has been 
possible to examine whether oncogenes can be the target of 
chemical carcinogens. Our results demonstrate that each of 36 
NMU-induced Ha-ras-1 oncogenes carried the same activating 
С? > A mutation (Table 2). These findings strongly support the 
concept that these mutations are caused by NMU-directed 
methylation of the O* position of the second deoxyguanosine 
(G°) in the critical codon 12. If so, our observations represent 
the first identification of an oncogene as a target for a chemical 
carcinogen. Alternative explanations for the observed muta- 
tional specificity, such as specific G A repair mechanisms in 
mammalian cells or frequent С > A substitutions during tumour 
development, are unlikely in view of our control studies with 
DMBA-induced Ha-ras-1 oncogenes (Table 2). Moreover, 
Guerrero et al. have recently shown that Ki-ras oncogenes 
reproducibly activated in mouse lymphomas induced by y- 
radiation exhibit diverse activating mutations? as expected from 
the type of DNA lesions induced by this carcinogen!!. 

Our findings have further biological implications. Efficient 
induction of mammary carcinomas can be readily achieved by 
a single dose of NMU**, Because of the highly labile nature 
of NMU, its mutagenic effect must occur within hours following 
its administration. Therefore, our results imply that malignant 
activation of the Ha-ras-1 locus by NMU-induced С > А muta- 
tions must be concomitant with the initiation of the carcinogenic 
process. 

Several laboratories have shown that ras oncogenes cannot 
transform normal (primary) rodent embryo cells unless they 
acquire the capability of self-proliferation either spontaneously 
(that is, NIH 3T3 cells), by carcinogen treatment” or by trans- 
fection of other oncogenes such as c-myc??, adenovirus Ela?! 
or even Ha-ras?? when linked to strong transcriptional enhan- 
cers. It might be postulated that initiation of carcinogenesis by 
NMU requires the concomitant activation of two or more 
cooperating oncogenes, only one of which, Ha-ras-1, can be 
detected in gene transfer assays. But it is equally plausible that 
hormone-dependent proliferation, a normal physiological pro- 
cess required for tumour induction and (in some cases) pro- 
gression, might provide conditions that are adequate for the 
phenotypic expression of the NMU-activated Ha-ras-1 
oncogenes. 
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Note added in proof: We have now identified G” > A transitions 
in each of the H-ras-1 oncogenes present in the 48 NMU- 
induced mammary tumours used in this study. In addition, we 
have localized the activating mutation of the three DMBA- 
induced H-ras-1 oncogenes in the two deoxyadenosine residues 
of codon 61 (CAA). 
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Many quasar-like objects show evidence for massive binary black 
holes!. The recent discovery? of a massive (5 х 10* Mo) object. in 
the centre of the local group dwarf elliptical M 32 greatly raises 
the probability of forming such binaries through galactic mergers. 
Here I argue that the enhancement of all kinds of activity (quasar- 
like activity and star formation) in galaxies with companions is 
not so much a consequence of tidal interaction between the 
massive galaxies as the result of collisions with their dwarf 
satellites. 

Recent studies have shown that interactions between galaxies 
play a role in stimulating nuclear activity’. Imaging studies of 
high luminosity quasars^? reveal that more than 30% have 
normal companion galaxies very close to them (here I use the 
term ‘normal’ galaxy to refer to any galaxy with a mass of 10! М, 
or more and refer to companion galaxies with masses much less 
than this as 'satellite' galaxies). Surveys of normal galaxies show 
that close pairs of galaxies are more likely to show activity 
characterised by optical emission lines?" and radio emission? 
than are isolated galaxies. These results support the idea that 
most or all normal sized galaxies have massive, black holes in 
their centres’. For simplicity I will assume that all normal 
galaxies have massive (2105 Mo) black holes in their centres 
(it makes little difference here if the percentage is actually as 
low as 2096, as could be the case). The enhanced nuclear activity 
in pairs of galaxies would seem also to support an idea proposed 
by Toomre and Toomre? that close encounters may drive gas 
into the nuclear regions of a galaxy and either feed the central 
black hole directly or lead to a burst of star formation within 
the inner nuclear disc’ which could indirectly increase the fuel 
supply rate. In addition to the enhanced nuclear activity close 
pairs of galaxies have enhanced star formation rates (as 
evidenced by far infrared emission!?). 

There are two problems with the Toomre and Toomre 
scenario. First, although a close pair of galaxies (with a projected 
distance of ~3 Holmberg diameters or less) is more likely to 
be active (as a Seyfert or radio galaxy), the majority of such 
galaxies (>75%) do not show nuclear activity. The mechanism 
is therefore less than 100% efficient or there is some other factor 
involved. The second problem is that although close encounters 
can wreak havoc on the outer parts of galaxies, the motions of 
the stars and gas in the tightly gravitationally bound cores are 
unaffected. 

The solution I propose to these problems is that it is not 
actually the detected neighburing galaxy that is triggering quasar 
activity (or star formation) but instead a direct collision with 
one of the several dwarf satellite galaxies in the system. There 
is then no need to invoke some subtle action at a distance (tidal?) 
effect. Although the statistics of these dwarf satellite galaxies 
are poorly known, since they are difficult to detect beyond our 
local group, there are probably several (2-10). associated with 
each normal galaxy like our own!!. I will here use the term 
*dwarf' galaxy to refer to ellipticals and irregulars with absolute 
magnitudes in the approximate range -14> My» —18 (and 
hence ignore systems such as the Draco dwarf spheroidal). In 


our own local group there are two magellanic irregulars associ- © 


ated with our galaxy and four dwarf ellipticals associated with 
M31 in Andromeda. І 
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In the scenario I propose here the statistical enhancement of 
quasar-like activity in close pairs of galaxies arises because of 
the increased probability of a merger with an unseen dwarf 


- satellite galaxy when two normal galaxies are close. A 10810,9 


Mo dwarf galaxy near а. Seyfert is hard to detect with present 
techniques and the only sign of a collision or merger might be 
the enhanced quasar-like activity and/or a burst of star forma- 
tion (perhaps creating a ‘starburst’ galaxy). I suggest that the 
type of activity produced is a function of the Hubble type of 
the colliding satellite galaxy and the impact parameter. The 
amount of visible damage is also obviously going to depend on 
the mass of the dwarf. If a magellanic irregular galaxy hits a 
spiral galaxy anywhere ‘the most probable result is a burst of 
star formation. If it hits the nucleus the resulting gas input and 
star formation could result in quasar-like activity as well. On 
the other hand the impact of a small elliptical galaxy, devoid 
of dust and gas, om the outer regions of a spiral galaxy will 
probably be much less spectacular. Perhaps only a distortion of 
the disc and spiral arms of the galaxy will occur (a dwarf 
elliptical satellite has typically 196 of the mass of a normal spiral 
and that the stars themselves do not collide). 

The collision of a dwarf elliptical with a nucleus containing 
a dormant (or almost dormant) black hole will be more interest- 
ing. Unlike magellanic irregulars, the majority of dwarf ellip- 
ticals have strong central mass concentrations'^. Tonry has pro- 
duced powerful evidence that the 'spike' in the centre of M 32 
is caused by a 5x 10° Mo black hole. It would seem likely.that 
the spikes in the luminosity profiles of other dwarf ellipticals 
are due to similar black holes. In a collision, if the impact 
parameter is small enough, the nucleus of the dwarf elliptical 
will be captured by the nucleus of the larger galaxy. The two 
black holes will go into orbit", Тһе distribution of stars in 
phase-space around each black hole will be severely perturbed, 
resulting in an increased fuelling of one or both black holes. I 
have proposed elsewhere! that the displaced broad-line peaks : 
seen in many objects are the result of such orbital motion and 
argued that the velocities seen are consistent with the evolution 
of supermassive binary black holes. The discovery of a black 
hole in a dwarf elliptical now makes the creation of such binaries 
much more probable since there are an order of magnitude more 
dwarf ‘galaxies than normal galaxies and the probability of 
mergers is correspondingly greater. 

Detailed computer simulations of'mergers of galaxies of all ' 
Hubble types and sizes taking into account both stars and gas 
need to be undertaken, as collisions of normal galaxies with 
dwarf satellite galaxies offer a likely explanation of both star- 
burst galaxies and quasar-like activity. The Hubble Space 
Telescope could well reveal the results of the collisions 
when high spatial resolution studies of active galaxies are 
made. 

I am grateful to Antoinette de Vaucouleurs, Gérard de 
Vaucouleurs and Derek Wills for useful comments. Partial finan- . 
cial support from McDonald Observatory is gratefully acknowl- 
edged. 
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Occurrences of diamondiferous kimberlites in southern Africa are 
concentrated within the boundaries of the Kaapvaal craton where 
crustal rocks are as old as 3,500 Myr (ref. 1). Garnet inclusions 
from diamonds that erupted in the Finsch kimberlite and kimber- 
lites of the Kimberley group, situated in the southern part of the 
craton, have Rb/Sr and Sm/Nd model ages of 3,200—3,300 Myr 
(ref. 2). These kimberlites were erupted —100 Myr ароз“; thus 
the diamonds are xenocrysts. The localization of diamond-bearing 
kimberlites in the craton and the eruption of Archaean diamonds 
in late Cretaceous time are evidence that these diamonds crystall- 
ized and were immobilized in a root extending to depths of 150— 
200 km. Our applications of thermobarometry to silicate inclusions 
in the diamonds suggest that ambient temperatures at those depths 
3,000 Myr ago were 900—1,200 °C, similar to the range predicted 
from present-day heat flow’. 

Monomineralic inclusions of olivine, garnet and pyroxenes 
are common in diamonds, and separate inclusions of two 
minerals in a single diamond have been found in many speci- 
mens°, Equilibration temperatures for these inclusion sets can 
be estimated by application of the same methods of geother- 
mometry that have been widely used for garnet peridotite 
xenoliths^?, but it is important to recognize a marked difference 
in the circumstances of equilibration of the xenoliths and the 
inclusions. 

Mineral grains in mantle rocks erupted as xenoliths were in 
contact with each other (and possibly with pore fluids) and had 
the potential for chemical exchange at high temperature until 
the time of eruption. Mineral grains that are included and 
isolated in diamonds, however, have chemical compositions that 
were fixed at the time of crystallization of the diamonds. The 
isolation of diamond inclusions is manifest in the marked differ- 
ences in Nd and Sr isotope ratios obtained for garnet inclusions 
in diamonds and similar garnets from disaggregated mantle 
rocks found in kimberlite concentrates’. 

A crystallization history that is different from that of the 
inclusions has been experienced by three garnet lherzolite 
xenoliths from southern Africa that have diamond intergrown 
with primary silicate grains'®'', These and numerous non- 
diamondiferous, low-temperature garnet peridotites from many 
kimberlite pipes have estimated temperatures and depths of 
origin that approximate a continental shield geotherm^"?. The 
blocking temperatures for exchange equilibria used for peri- 
dotite thermometry have been estimated to be 700°C (ref. 13) 
and 900°C (ref. 14) on the basis of observed compositional 
profiles and experimental diffusion data. All three diamond- 
bearing lherzolites have equilibration temperatures in the range 
1,050-1,150 °C (refs 7, 10). The least favourable estimate for the 
rate of equilibration at such temperatures! makes it probable 
that these peridotites reached chemical equilibrium within 10- 
100 Myr of the time of eruption. Thus, the times at which 
compositional relations were established for Archaean diamond 
inclusions and for the diamondiferous peridotite xenoliths erup- 
ted 100 Myr ago are believed to differ by —3,000 Myr. 

The assumption that mineral grains forming separate 
inclusions in a single diamond were in chemical equilibrium at 
the time of crystallization is supported by the fact that multiple 
inclusions of one mineral have the same composition. The 
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relative homogeneity of xenolith minerals! and the fact that 
coexisting olivine, garnet and pyroxene have systematic partition 
relations for most major and minor elements' are strong evidence 
of chemical equilibration for these rocks. 

Diamond crystallization temperatures provide an upper limit 
for ambient temperatures at depth in the mantle at the times of 
diamond crystallization. The nature of the crystallization events 
in which natural diamonds have formed is not known; they may 
have been igneous or metasomatic or both. Nevertheless, these 
events can only have raised surrounding temperatures to values 
that were locally above ambient. The lower range of crystalliz- 
ation temperatures estimated for diamond inclusions is thus an 
approximation for ambient temperatures. 

Comparative evaluation of element exchange reactions that 
can be used as thermometers for garnet-bearing, Mg-rich mineral 
assemblages has shown that application of the diopside-solvus 
method yields superior accuracy and precision’. The solvus 
cannot, however, be used for eclogitic assemblages or for diop- 
side-free rocks and diamond inclusion sets. With such assem- 
blages, comparable results can be obtained with Mg/Fe partition 
reactions, although in application to peridotites these Mg/Fe 
thermometers produce a scatter in estimated equilibration tem- 
peratures that is probably caused by the presence of small but 
unknown amounts of iron (III) (ref.7). 

Two Mg/Fe partition relations that have wide applicability 
in the study of diamond inclusions are clinopyroxene-garnet!' 
and olivine-garnet!*. The effects on both of pressure and of the 
non-ideal substitution of Ca in garnet have been evaluated. The 
precision that can be obtained with the olivine-garnet ther- 
mometer has been estimated to be +50 °C for favourable condi- 
tions of temperature («1,300 °С) and composition", and the 
uncertainty associated with the garnet-diopside experimental 
data is a comparable value of +5% of the temperature”. 

Peridotitic garnets included in diamonds are commonly Cr- 
rich with Cr;O, contents ranging up to 15 wt%. The effects of 
this solid solution on the garnet-olivine (Mg/Fe) thermometer 
have not yet been evaluated. Garnets in low-temperature lher- 
zolite xenoliths have an overlapping range for Сг,О; of 2-9 wt%, 
and for most of these rocks, temperatures estimated with the 
garnet-olivine thermometer agree with those based on the diop- 
side solvus within 100?C (ref. 19). There is no discernible 
relationship between estimated equilibration temperature and 
Cr content of garnet for the peridotite and diamond-inclusion 
assemblages. Hence, an effect of Cr solid solution on the garnet- 
olivine thermometer seems unlikely to be important. 

Analyses for 31 olivine-garnet inclusion pairs from Finsch 
diamonds show that 29 of the garnets are low-Ca ругореѕ!5, 
typical of the most common peridotitic garnets found included 
in diamonds. These are different specimens but are similar in 
composition to the garnet inclusions for which Archaean ages 
were obtained’. Crystallization temperatures estimated for these 
Finsch olivine-garnet inclusion sets have the range 900-1,300 °C 
at an assumed pressure of 50 kbar, within the diamond stability 
field'®. Only two of the pairs, however, have crystallization 
temperatures above 1,150 °C. Most, with temperatures of 900- 
1,150°C, are believed to best reflect crystallization in near 
ambient conditions. 

The olivine-garnet (Fe/ Mg) thermometer has a small pressure 
sensitivity, —5 °C kbar™'. Estimates for the crystallization tem- 
peratures of the 29 lower-temperature inclusion pairs thus plot 
in a pressure-temperature ( P- T) band 250 °C wide with a slope 
of 5 °С kbar^! lying in the diamond stability field (Fig. 1). One 
diamond inclusion set from Finsch contains the assemblage 
enstatite-olivine-garne:??, and estimation of equilibration press- 
ure using the Al content of the enstatite, as well as temperature 
using the olivine-garnet thermometer, can be made for this 
assemblage. A point for the three-phase set plots in the 
diamond stability field and within the P-T band established 
for the olivine-garnet pairs. Estimates for the crystallization 
temperatures and depths of these inclusions plot close to 
a shield geotherm calculated for a heat flow of 40 mW m"? 
(ref. 5). 
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Fig. 1 Estimated equilibration conditions for diamondiferous 
assemblages from the Finsch kimberlite compared with the 
diamond-graphite equilibrium curve, a continental geotherm 
calculated for a heat flow of 40 mWm^? (fef. 5), and the solidus 
for petidotite in the presence of H,O and СО, (ZIVIC)?. The 
band defined by ruled lines is for temperatute estimates made by 
the (Fe/Mg) olivine-garnet method!?, for 29 pairs of olivine and 
garnet inclusions. A, Olivine-garnet-orthopyroxene assemblage in 
a single diamond”° for which temperature was estimated by the 
(Fe/Mg) olivine-garnet thermometer and pressure was obtained 
by the Al-enstatite’ method/?5, @, Diamondiferous lherzolite 
xenoliths?°; ; temperatures for these were estimated from the diop- 
side solvus’, and pressures, from the alumina content of 
enstatite”*®, 


Equilibration cóhditions estimated for two diamónd-bearing 
garnet Iherzolite xenoliths from the Finsch pipe also plot in the 
diamond stability field in proximity to the inclusion data (Fig. 1). 
The fact that the equilibration conditions for most of the 
inclusions and the lherzolites are similar and concordant with 
the shield geotherm suggests that these P- T conditions were 
near ambient and that they have changed little in —3,000 Myr. 

Whether there are age differences either for diamonds of 
eclogitic and peridotitic affinities or related to their location in 
the Kaapvaal craton is not yet established, but all data available 
indicate Precambrian ages for diamond crystallization. 
Diamonds with garnet inclusions from the Finsch and Kimberley 
pipes dated at 3,200-3,300 Myr (ref. 2) have a peridotite para- 
genesis. Diamonds with both eclogitic and peridotitic affinities 
are present in the Premier kimberlite, and sulphide inclusions 
in Premier diamonds have yielded a model Pb age of 1,200.Myr 
(ref. 21); the paragenesis of the dated specimens, however; is 
unknown. Isotope analyses for Pb in clinopyroxenes from 
eclogite xenoliths from the Roberts Victor kimberlite define an 
apparent age of 2,500 Myr (ref. 21), whereas. Sm/ Nd and Rb/Sr 
determinations for other Roberts Victór samples indicate a 
model age that may be as much as 4,200 Myr (ref. 22). Eclogite 
xenoliths studied in these investigations do not contain 
diamonds, but many other Roberts Victor eclogites are diamon- 
diferous. Ancient, alluvial diamonds of unknown paragenesis 
and primary source occur in the 2,500- Myr-old Witwatersrand 
conglomerates i in the central part of the Kaapvaal craton”. High 
?He/^ He values found in some South African diamonds of 
unknown specific source suggest diamond crystallization in the 
early Archaean?*. A model argon age of 3,100 Myr has been 
obtained for a single diamond from Arkansas**, but similar 
measurements have not yet been performed on South African 
diamonds. 

Crystallization temperatures estimated for diamonds from 
seven Kaapvaal kimberlites show the large range of 900-1,400 °C 
(Fig. 2). There is a difference in the estimated temperátures for 
diamonds with eclogitic and peridotitic inclusions; temperatures 
for the eclogitic suite are confined to the range 1,100-1,400 *C, 
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Fig. 2 Equilibration temperatures for Bets of diamond inclusions 
of both eclogitic (a) and peridotitic (b) pardgeriesis estimated for 
a pressure of 50kbar (160km). Eclogitic inclusions are from 
diamonds erupted in the Roberts Victor, Orapa and Premier kim- 
berlites. Peridotitic inclusions.are from diamonds originating at 
Finsch, Jagersfontein, Koffiefontein, Roberts Victor, Premier and 
an unknown locality. Temperatures for eclogitic inclusions were 
estimated with the garnet-clinopyroxene (Fe/ Мв) thermometer". 
Those for peridotitic inclusions were estimated primarily with the 
olivine-garnet (Fe/Mg) relation!?, but the diopside solvus?” and 
garnet-clinopyroxene (Fe/Mg) thermometer" were also used. 


whereas the peridotitic suite has the full range 900-1,400 *C, 
but with a concentration in the range 900- 1,100 °C. Geographical 
differences, however, appear in these data. Most of the inclusion 
sets with crystallization temperatures «1,100 *C are from the 
Finsch pipe (Fig..2). Other suites of diamonds with inclusions 
of both peridotitic and eclogitic parageneses (in separate 
diamonds) from the Premier and Roberts Victor kimberlites 
have higher crystallization temperatures, predominantly 
>1,200°C (refs 26, 27). Differences in mean carbon isotope 
composition between diamonds from the Finsch and Premier 
kimberlites have also been noted”. 

The beginning of melting for peridotite (or kimberlite) in the 
presence of H,O and CO, at 50 kbar is ~1,150 °C (ref. 29). This 
factled Boyd and Finnerty?? to suggest that peridotitic diamonds 
with crystallization temperatures below 1,150°C might be of 
sub-solidus.origin. An obvious corollary to this suggestion is 
evident from the data in Fig. 2; that is, eclogitic diamonds and 
perbaps some peridotitic diamonds with crystallization tem- 
peratures > 1,150 °C might be igneous. Diamonds with crystalliz- 
ation temperatures in the lower part of the range shown in Fig. 
2 are believed to approach ambient conditions most nearly, 
regardless of the nature of the fluid from which they were 
precipitated. 

Evidence from many xenolith suites supports the concept of 
a peridotite-rich, cratonic lithosphere with a thickness of 150- 
200km. Recent seismic studies have provided data that are 
concordant with this model*°, and evidence for seismic velocity 
drops in the depth range 150-200 km (ref. 31) may correlate 
with geotherm inflections. Jordan?” has suggested that thick 
continental tectospheres developed as early as 2,000-2,800 
Myr. 

Burke and Kidd" have argued that the rarity of minimum- 
melting granites in the Superior Province is evidence that 
Archaean gradients beneath shields were not much steeper than 
are those of the présent time. Analogous evidence led Davies? 
to propose that Archaean cratons were underlain by relatively 
cool ‘root zones’ or lithosphere that extended to a depth of 
200 km where the palaeotemperature was near 1,500 °С. 
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The results obtained from the chemical and isotopic studies 
of diamond inclusions are evidence that the Kaapvaal craton, 
and perhaps other cratons, were stabilized earlier (3,300 Myr) 
than hitherto believed. Moreover, these data appear most con- 
cordant with thermal models for the Earth during the Archaean 
in which increased heat generation from radioactive sources 
was lost primarily through the ocean basins (see ref. 34). 
Received 16 October 1984, accepted 27 March 1985 
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Although the geochemistry of magmatism associated with the 
subduction of oceanic lithosphere is well understood’, the 
geochemical signature of lavas produced shortly after subduction 
of an oceanic spreading centre has not been characterized. The 
Baja California peninsula in Mexico provides an ideal scenario 
to study the latter process. Geophysical models indicate that, in 
response to oblique collision of the ancestral East Pacific Rise 
(EPR) with the western seaboard of North America at ~29 Myr, 
subduction of the Farallon plate was succeeded by the progressive 
southwards development: of a transform fault system" ?. At 
12.5 Myr a considerable length of the EPR was simultaneously 
subducted beneath Baja, thus terminating subduction processes 
along this segment”. By 3.5 Myr the locus of transcurrent faulting 
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Fig. 1 Map depicting areas of Upper Cenozoic-Holocene volcan- 

ism in Baja California showing the three volcanic fields of Baja 

California Norte, and the Tres Virgenes volcano of Baja California 
Sur. 


had switched from the west of Baja to within the developing Gulf 
of California, coupling Baja to the Pacific plate!'7?. We present 
here data for Holocene volcanic rocks from Baja California Norte 
which show that post-ridge subduction volcanism has a distinctive 
geochemistry. These results have important consequences for the 
interpretation of ancient orogenic belts. 

In sympathy with the changing tectonic regimes, there are 
variations in the geochemistry of associated volcanism. Calc- 
alkaline lavas related to subduction were widespread until 
7-15 Myr (refs 11, 16, 17) since when there has been an increase 
in tholeiitic and alkaline products!':!^'!5, although the currently 
active Tres Virgenes stratovolcano'? is also calc-alkaline??. As 
shown in Fig. 1, Holocene volcanism in northern Baja California 
is confined to three main areas, namely around San Quintin, 
Jaraguay and San Borja, although there are isolated flows else- 
where in the region!^!?*7? Additionally, the lavas at San 
Quintin contain the only known occurrences on the peninsula 
of lherzolite nodules”. 

All the rocks studied form blocky flows erupted from small 
cones, and are fresh and sparsely porphyritic (<5%). They are 
morphologically very young: flows at San Quintin which overlie 
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Table 1 Representative analyses of Holocene lavas from Baja California Norte, the Gulf of California and Isla Cook, Chile 








Guaymas Gulf of Isla 
San Quintin Jaraguay San Borja Basin* Californiat Cookt 
Sample SQ1.1 SQ9.1 J14.1 J143 SB191 477А-2-2 483-24-1 4-151 
SiO, 46.26 47.17 54 64 56.30 55.92 49.00 48.40 57.65 
T10, 2.93 2.19 1.09 118 2.15 1.76 241 1.23 
ALO; 15.74 15.32 15.86 16.28 15.59 17.40 14.53 17.22 
Ее„О;! 2.07 1.73 0 86 0.89 0.95 9 668 13 67$ 2.034 
Feo! 10 33 8.64 431 4.45 4.76 => = 2.579 
MnO 0.20 017 0 08 0.08 0.08 0.15 0.22 0.08 
MgO 6.79 9.04 6.19 6.20 5.00 7.23 6.60 4.60 
CaO 827 9 26 810 8.00 8.13 11.81 11.50 879 
Na;O 3.70 3.19 4.31 426 4 29 3.10 2.64 4.23 
K,O 2.02 1.47 1.83 184 2.26 0.25 012 0.43 
Р,О; 0.80 0.51 0.53 0.53 0.85 0.23 0.20 0.35 
LOI —0.05 —0.23 068 0.49 0.46 — 0.06 0.51 
Total 99.06 98.46 98.48 100 50 100.44 100.59 100.35 99.69 
Sr 758 565 2,123 2,068 2,609 241 109 2,045 
Rb 37 28 73 8.9 9.3 1 <1 1 
Ва 470 377 812 804 1,050 22 37 132 
Zr 301 203 158 166 257 123 144 195 
Nb 60 41 4.7 49 10.4 4 4 14 
Y 36 26 83 79 11.4 29 49 11 
Cr 87 277 209 205 84 191 140 114 
Ni 86 162 157 150 85 66 61 60 
La 43 31 30 30 45 5.5 4.7 37 
Rb/Sr 0.049 0050 0.0036 0.0043 0 0036 0.0041 0.0092 0.0005 
Sr/Zr 2.51 2.78 13.4 12.5 10.1 1.96 0.76 105 
Sr/Ba 1.61 1.50 2.62 2.57 2.49 11.00 2.95 15.4 
Zr/ Nb 5.0 5.0 33.6 339 24.7 30.8 36.0 13.9 
K/Rb 454 434 1,973 1,716 2,017 2,075 996 >3,000 
La/ Rb 1.2 11 3.9 3.4 48 5.5 >47 37 
La/Nb 0.72 0.75 6.3 6.0 43 23 1.8 2.6 
(La/Y)s 73 72 217 22.8 239 1.92 0.87 20.5 





* Guaymas Basin basalt (64/477A/2/2, 64-68 cm)!^ 


t Basalt from mouth of Gulf of California (65/483/24/1, 96-100 ст)“. 


+ Magnesian andesite, Isla Cook, Chile??, 
$ Total ion as Fe;O,. 

I Fe;04/FeO = 0.2, 

4 Measured ҒеО; and FeO. 


midden deposits dated at 5,000-6,000 yr BP (ref. 16) have a much 
greater vegetation cover than either the Jaraguay or San Borja 
lavas, suggesting an even younger age for the latter. Moreover, 
a lava underlying the Jaraguay flows discussed here has yielded 
a whole rock K-Ar age of 2.69Myr (unpublished data). 
Petrographically, the lavas from San Quintin are distinct in 
having olivine as the dominant phenocryst phase with subordin- 
ate labradorite and rare clinopyroxene. Groundmasses contain 
olivine, magnetite, plagioclase microlites and augite. In contrast, 
most of the lavas from San Borja contain only sparse olivine 
crystals, and clinopyroxene is the major, and often only, pheno- 
cryst phase. Pilotaxitic groundmasses comprise plagioclase 
microlites, magnetite, clinopyroxene and an iron-rich meso- 
stasis. The Jaraguay and a few San Borja flows are intermediate 
between the two in having dominant phenocrystal olivine, subor- 
dinate clinopyroxene and trace plagioclase. Plagioclase micro- 
lites, clinopyroxene and an iron-rich mesostasis form the 
groundmass. ] 

Representative analyses of the lavas from the three volcanic 
fields are presented in Table 1, together with samples drilled 
from the Guaymas Basin in the central part of the gulf of 
California’, and from the mouth of ће gulf?*. The lavas from 
San Quintin are distinct from those of Jaraguay and San Borja, 
being nepheline-normative alkali basalts whose elemental vari- 
ations reflect fractional crystallization of olivine +Cr spinel”. 
Zr/ Nb (4.5-5.4), K/ Rb (410-482) and La/ Nb (0.66-0.75) ratios 
are lower than N-type mid-ocean ridge basalts (MORB) but 
comparable to other suites of alkali basalts?. Chondrite-normal- 
ized La/Y ratios ((La/Y)n) of 6.8-7.8 indicate slight light rare- 
earth elements (LREE) enrichment, but there is no marked 


depletion of the heavy rare-earth elements (HREE). In contrast, 
rocks from Jaraguay are olivine or quartz normative basaltic 
andesites. The most striking geochemical feature is their high 
Sr contents (2,068-2,152 p.p.m.) which results in low Rb/Sr 
(0.0031-0.0043) and high Sr/Zr (12.5-13.5) ratios. Rb is also 
depleted with respect to K,O, the K/Rb ratios varying from 
1,716 to 2,314 (Fig. 2). Furthermore, all the large-ion lithophile 
elements (LILE) are enriched relative to the high field strength 
elements (HFSE) (for example, La/ Nb = 5.2-6.7). Inter-HFSE 
ratios, however, have MORB-like affinities (for example, 
Zr/ Nb = 29.3-37.0; Hf/Ta = 13.8-15.1). The lavas are strongly 
LREE enriched (Fig.3) with (La/Yb)y=45.7-47.9 and 
(La/Y)n = 17.5-22.8; moreover, Yb and Y show pronounced 
depletion with Yby = 3.5-3.6 and Yn = 3.95-4.75. The high MgO 
contents of 6.2% at 55% SiO, classify the rocks as magnesian 
basaltic andesites; high Ni (150-157 p.p.m.) and Cr (199- 
221 p.p.m.) concentrations preclude much low-pressure frac- 
tionation. 

The Holocene lavas from the San Borja volcanic field are also 
magnesian basaltic andesites with MgO ~5.0% at 55% SiO;; 
these rocks, however, have undergone low-pressure fraction- 
ation of olivine t clinopyroxene t Cr spinel as indicated by their 
generally lower Ni and Cr contents (68-140 p.p.m. and 144- 
242 p.p.m. respectively). They show features of the Jaraguay 
lavas; high Sr (2,163-2,609 p.p.m.) and Ba (946-1161 p.p.m.) 
concentrations, high Sr/Zr (9.5-10.7), K/Rb (1,484-2,177) and 
La/ Nb (4.2-5.9), and low Rb/Sr (0.0035-0.0046) ratios. (La/Y) x 
ratios (18.4-23.9) are very fractionated, with Yy = 4.3-6.7. 
Zr/ Nb ratios (23.3-39.5) overlap those of Jaraguay but are often 
a little more enriched (Fig. 2). 
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Fig. 2 Zr/Nb versus K/Rb for Holocene lavas from San Quintin, 

Jaraguay and San Borja volcanic fields of Baja California Norte 

and Isla Cook, southern Chile. MORB from EPR 23° № (ref. 24) 
and arc lavas from the Marianas^ are shown for comparison. 


The depletion of Y and HREE in the San Borja and Jaraguay 
lavas attests to the importance of garnet as a residual phase 
during melting, assuming that the source was not already HREE 
depleted. MORB-normalized plots for the three lava types 
(Fig. 4) reveal that whereas San Quintin is similar to other 
within-plate alkali basalts??*, Jaraguay and San Borja have 
pronounced Nb depletions relative to LILE, a characteristic of 
subduction-related magmatism ^. Interestingly, recent basalts 
recovered from the Guaymas Basin!^ and from Isla Tortuga? 
(a tholeiitic seamount), both in the central part of the Gulf of 
California, also portray enrichments of LILE compared with 
those from the gulf mouth where there is active spreading”. It 
thus appears that this enrichment in alkalis and LREE is 
inherited from the subduction regime which was operative 
beneath north-west Mexico 12.5 Myr ago, and is superimposed 
on a MORB-type mantle. 

High-magnesian andesites have been reported from other 
localities***”. Those from the Bonin Islands, Mariana Forearc 
and Trench and Cape Vogel? have been ascribed to the 
boninite series. They differ from the Jaraguay and San Borja 
lavas in having much higher MgO (7996 at 55% SiO.) and 
much lower ТО, and Zr contents, higher K/Rb and lower Rb/Sr 
ratios and very depleted REE concentrations (<20 times chon- 
drite and usually <10). Petrographically boninites are also dis- 
tinct in having phenocrysts of orthopyroxene or clinoenstatite, 
while lacking olivine. The magnesian andesites from Baja 
California are thus not members of the boninite series. However, 
magnesian andesites similar to Jaraguay and San Borja have 
been described from several volcanic arcs?! ??, Those from the 
Setouchi volcanic belt in Japan are considered to be primary 
melts from hydrous mantle?^7". In the Aleutians, Kay concluded 
that the highly fractionated REE profiles (and, incidentally, the 
high Sr contents) of magnesian andesites (Fig. 3) were produced 
by eclogite melting. However, this cannot be the case in Baja 
as the enrichment of Sr and the depletion of Rb are too extreme. 
Magnesian andesites recently reported from Isla Cook in south- 
ernmost Chile??? bear a close resemblance to the Jaraguay and 
San Borja samples, particularly in their high Sr and very 
low Rb contents (Table 1, Fig. 3). They have depleted Sr 
and Nd isotope systematics (°’Sr/**Sr=0.70268-0.70280; 
'8Nd/'4Nd = 0.513136), ‘mantle’ 870 (5.1-5.7) and Pb 
isotopes similar to other volcanic centres in the southern 
Andes**”®; they are thought to have risen through the crust with 
little interaction. It is not possible, with the available data, to 
preclude crustal contamination during the formation of the 
Jaraguay and San Borja lavas. It is, however, unlikely. First, the 
low Rb content and concomitant very low Rb/Sr, Rb/Ba and 
Rb/La ratios imply that assimilation of sialic upper crust has 
been minimal. Second, the low °’Sr/®°Sr ratio (0.7037) reported 
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Fig. З Chondrite-normalized REE plot for the lavas from 

Jaraguay (J14.1) (unpublished data); the Gulf of California (Site 

483: Gulf Mouth?^, Site 477; Guaymas Basin!^; seeTable 1); Isla 

Cook, Chile (4-151)??, and western Aleutian Ridge (70-3 49)?!, 
All analyses by instrumental neutron activation analysis 
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Fig. 4 MORB-normalized trace element plot for the Holocene 
lavas of Baja California Norte and Isla Cook, Chile?? (Table 1). 
MORB-normalizing values from ref. 43. 


for the Jaraguay lavas? precludes significant contamination 
either of the source by subducted sediment, or of the ascending 
magma. The isotope data for Jaraguay, Aleutians and southern 
Chile also rule out incorporation of pelagic, calcareous sedi- 
ments in the magma sources to explain the very high Sr contents 
of these lavas. 

Most interesting, however, is the apparent tectonic association 
of these magnesian andesites with the subduction of an actively 
spreading oceanic ridge. Isla Cook, for example, is sited on a 
transcurrent fault zone at the junction of the South American, 
Antarctic and Scotia plates where subduction has virtually 
ceased following the northward migration of the Chile Rise- 
Peru-Chile Trench triple junction in response to the oblique 
subduction of the Chile Rise. The magnesian andesites from the 
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Aleutians have an estimated middle Miocene age*', which over- 
laps the final stages of the effects of subduction of the Kula 
Ridge??. The Setouchi high-magnesian andesites were erupted 
12-14 Myr ago?", a date which succeeds cessation of subduction 
of the Shikoku Basin crust at the Nankai Trough, during which 
process there was consumption of part of the marginal basin 
spreading centre^", Finally, the Baja Holocene lavas were erup- 
ted 12.5 Myr after subduction of the EPR. Although Moore"! 
considers that the Baja California peninsula has moved north- 
west by ~240 km during the past 4 Myr, this movement has 
been along the Pacific margin and thus over regions of the 
mantle into which the ancestral EPR had already been sub- 
ducted. 

The association of these magnesian andesites (here termed 
Bajaite series rocks) with ridge subduction may result from 
increased thermal input into the mantle beneath the arc? and/or 
from modification of the chemical input from the subducting 
slab compared with periods of ‘normal’ subduction of oceanic 
lithosphere. It is evident that volcanism associated with ridge 
subduction has a distinctive geochemistry, namely the gener- 
ation of magnesian andesites with fractionated REE profiles, 
low Rb/Sr and high K/Rb, Sr/Zr, La/Rb and La/Nb ratios 
superimposed on a MORB-type HFSE signature. The mechan- 
ism for producing such compositions 1s unclear, but probably 
involves garnet as a residual phase during melting of a source 
variably enriched in Sr, and depleted in Rb, relative to most 
island arc magma sources. The transcurrent fault-related setting 
of Baja California and Isla Cook may allow magmas to rise 
rapidly through the crust with insignificant contamination and 
only minor fractionation. 
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Isolated occurrences of chemically weathered rock or saprolite are 
common in many formerly glaciated areas around the North 
Atlantic'-$. These pockets of saprolite are widely regarded as 
remnants of Cenozoic deep-weathering covers which existed before 
the first extensive Northern Hemisphere glaciations at —2.4 Myr 
(ref. 7) and their apparent survival has long been used as evidence 
for the local ineffectiveness of glacial erosion^^9?, However, the 
scarcity of correlative deposits means that the age and significance 
of these fragmented saprolites are uncertain. I report here the 
results of a detailed survey which shows that in Buchan, Scotland, 
a combination of Cenozoic tectonic stability and extremely limited 
Pleistocene glacial erosion has allowed the preservation of deep- 
weathering covers of probable Miocene to early Pleistocene age 
on a scale not previously reported from any other formerly glaci- 
ated area. 

Buchan is an area of subdued relief lying at the angle of 
north-east Scotland (Fig. 1). The geology consists largely of 
Precambrian to Dalradian metamorphic rocks intruded by 
Caledonian acid and basic igneous masses'?. The only sedimen- 
tary rocks onshore are Devonian Old Red Sandstones but thick 
accumulations of Mesozoic and Palaeogene sediments lie 
offshore. 

In Buchan, saprolites are continuous over wide areas!! and 
maximum depths exceed 60m іп boreholes!^"^ (Fig. 2). All 
major rock types are affected and alteration decreases with 
depth, indicating that weathering is a product of subaerial rather 
than hydrothermal alteration. 

Within major lithologies, saprolite characteristics vary widely 
and reflect important differences in the degree of chemical 
alteration. Data on granulometry and clay mineralogy, backed 
by geochemistry, indicate that two main weathering types exist. 
Most widespread is the gruss weathering type in which a rela- 
tively low degree of alteration has caused disintegration into a 
granular sand. Gruss is characterized by an abundance of little- 
altered primary minerals, low fines contents, low soluble base 
losses and heterogeneous and immature clay mineral assem- 
blages (Table 1). The second weathering type, clayey gruss, is 
virtually confined to central Buchan. Here advanced alteration 
has reduced parent rocks to a sticky, clayey silty sand. Detrital 
primary mineralogy is dominated by quartz, fines contents are 
relatively high, and clay mineral assemblages consist of mature 
kaolinite-illite suites. At several sites, clayey grusses are rubefied 
due to the presence of haematite and goethite. This distinction 
between grusses and clayey grusses is comparable with others 
made for granite weathering covers in Europe south of the limits 
of Pleistocene glaciation?! ^^, 

The relative ages of the two weathering types can be estab- 
lished using evidence from correlative deposits, saprolite 
mineralogy and geomorphology. All deep weathering in north- 
east Scotland must predate the last glaciation as materials 
reworked from subjacent and adjacent saprolites form a major 
component of Devensian tills and congeliturbates 9", 
Evidence that many gruss weathering profiles are of middle 
Pleistocene age or older is provided by: (1) the presence of 
weathered biotite and feldspar and inherited clays throughout 
the middle to late Pleistocene sequence of glacial, glacifluvial 
and periglacial deposits at Kirkhill'*?; and (2) the presence of 
hydromorphic iron and manganese minerals in weathering pro- 
files now occupying free-draining sites??, These minerals indicate 
that weathering had already extended close to and probably 
below the water table before a major change in groundwater 
drainage status during the Pleistocene in response to regional 
drainage incision. 
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Table 1: Summary characteristics of weathering types 
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Site and grid reference zz OZ HZ Sz az EZ Az 22 5% zz zz 52 az z2 dz 

Weathering type G G G G G CG G с са G G CG CG CG G 
% <2 pm 0.2 19 17 213 36 170 ° 02 18 43.5 2.1 82 120 15.4 13.7 7.1 
% <63 pm 25 144 127 175 261 450 67 113 75.5 91 413 320 43.0 49.8 20.1 
Feldspar/quartz ratio 1.2 09 12 18 11 01 ND ND ND 0.5 0.7 01 01 02 ND 
% MgO 0.36 0.36 0.44 0.34 0.53 011 ` 6.60 452 0.49 0.51 1.23 0.24 0.15 0.14 ND 
% СаО 1.34 0:08 0.12 0.14 0.37 0.07 8.44 4.66 0.49 0.20 0.23 0.07 0.07 0.07 ND 
% М№а,О 3.36 1.13 158 2.14 181 0.14 1.98 1.59 0.05 122 0.18 0.15 0.10 0.05 ND 
% K,O 6.03 53 465 5.63 3.56 3.00 0.56 0.55 0.45 2.71 3.84 1.24 0.63 2.80 ND 
% Soluble base losses 5.9 53.4 58.6 486 ND 95.4 19.0 311 ND ND ND ND ND ND ND 
Rubefaction — = ,— =~ — X — — = — — X X X — 
Etching of quartz — — = = = — E 4c EA = — X х — — 
Clay mineralogy I H I K K K I Gi K Gi I K K K M 

K I H I V K I I K I I I C 

H C V Hm I K H Hm Go I 

C S у 


C, Chiorite; Gi, gibbsite; бо, goethite; Н, halloysite; І, illite; M, mixed-layers; S, smectite; V, vermiculite; С, gruss, CG, clayey gruss; ND, not 


determined. 
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Fig. 2 Deep weathering patterns in central Buchan. 


Suggestions that deep weathering is wholly of interglacial 
аре?! may also be rejected in view of the disparity between rates 
of rock alteration during the present interglacial’, the relatively 
short durations (~10-30 kyr) of previous interglacials”” and 
observed depths of weathering. Formation before the glacial 
Pleistocene is indicated. ' 

The dominance of kandite and illite clay mineral assemblages 
in acid igneous and metamorphic grusses?? and hydrous mica- 
amorphous iron oxide assemblages in basic igneous grusses! 
indicates weathering under humid temperate. environments. 
However, the intensity of alteration shown by the clayey grusses 
requires warmer, probably subtropical climates'*!5, Marine 
palaeotemperatures? and terrestrial palynology?^ indicate that 
subtropical climates last prevailed in the Scottish area during 
the middle Miocene (10 Myr). Major climatic cooling after this 
тіте??'24 is reflected in the mineralogy of North Sea well samples, 
with appearance of chlorite and amphibole and increases in 
illite and feldspar contents???6, and in a transformation in styles 
of rock weathering throughout western Europe with the first 
development in the Tertiary of sandy saprolites retaining sig- 
nificant amounts of detrital feldspar and biotite?!*. I conclude 
that the clayey gruss weathering type predates the late Miocene 
and that the gruss weathering type developed continuously 
throughout the Pliocene and early Pleistocene. 

The clayey grusses are virtually confined to a north-south 
belt of high ground in central Buchan (Fig. 1) which represents 
the remnants of a Miocene or older landsurface. Around Hill 
of Dudwick, the clayey grusses are juxtaposed with and underlie 
outcrops of the Buchan Ridge Formation. These intensely- 


weathered gravel deposits comprise clasts of rolled Cretaceous 
flint and Dalradian quartzite with a matrix of quartz sand and 
kaolinitic fines”, and are widely regarded as Tertiary in age”*-*°. 
At Moss of Cruden, the gravels are 725 m thick and include 
clasts of little-travelled nodular flint.: The preservation of such 
large volumes of flint suggests that Buchan has remained close 
to base-leve] since marine transgression in the late Cretaceous. 
This ‘reflects the position of Buchan at the stable eastern 
extremity of the Scottish Highlands, an area repeatedly tilted 
westwards towards the rapidly subsiding North Sea basin in the 
Tertiary?! | 

Tectonic stability has been a major factor in the extraordinary 
development and state of presevation of Cenozoic weathering 
covers. However, the survival of friable saprolites also demon- 
strates the singular ineffectiveness of Pleistocene glacial erosion 
in Buchan, where a succession. of cold-based ice sheets have 
done little to modify Neogene landsurfaces!?. 

Pockets of gruss-type saprolites occur widely in other glaciated 
areas bordering the North Atlantic". Analogies with Buchan 
suggest that during the Neogene, lowland crystalline terrains 
were extensively weathered under temperate environments, with 
depths of weathering exceeding 30m on interfluves. Where 
saprolites have survived glaciation and can be shown not to be 
the products of hypogene alteration?? or exceptionally deep 
alteration ‘down fault zones'???, it can be proposed that local 


. Pleistocene glacial erosion has amounted to at most the removal 


of a few tens of metres of regolith and exposure of the basal 
surface of weathering. Such estimates can be reconciled with 
regional evidence of deep Pleistocene erosion deduced from the 


NATURE VOL 315 30 MAY 1985 





volumes of offshore sediments**** by recognizing the selectivity 
of glacial erosion. Enclaves of little-modified Neogene relief 
have survived in parts of eastern Canada ^, eastern Green- 
land^5, Fennoscandia- and the British Isles??4? where local 
factors, including remoteness from ice accumulation centres, 
low gradients and diffluent flow patterns, have combined to 
maintain basal ice below its pressure melting point and so 
prevent significant glacial erosion®®. Finally, the thicknesses of 
saprolite reported here would suggest that material reworked 
from preglacial Cenozoic weathering profiles forms a major, but 
largely overlooked component of glacial tills??"*!. 

This work was carried out during tenure of a Research 
Scholarship from the University of St Andrews. A grant towards 
the cost of illustrations was provided by the Carnegie Trust for 
the Universities of Scotland. Borehole information was provided 
by the Department of Geology, University of Aberdeen, 
RioFinEx Ltd and the British Geological Survey, Edinburgh. 
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Oxygen isotope compositions of secondary sulphates provide a 
potentially powerful tool for elucidating mechanisms of sulphur 


oxidation. Such studies should reveal the consequences of various ' 


anthropogenic sulphur contributions to the environment, including 
gaseous emissions, aqueous solutions and elemental sulphur dust. 
At mining sites, metal sulphides may be oxidized in situ, giving 
rise to acid mine waters. The environment can receive these com- 
pounds from natural sources also, for example volcanoes, sul- 
phurous springs and sour-gas seeps. There are many fundamental 
questions concerning the Specific oxidation reactions and associ- 
ated kinetics. In principle, isotope data from appropriate experi- 
ments can be used to address such questions. In the case of acid 
mine drainage, the approach of Taylor et al.' is noteworthy. Here 
we present a critical examination of their results and suggest a 
novel method of determining the kinetic isotope effects identified 
with the incorporation of О, and H,O-oxygen by SO? . 
Oxygen isotope data may provide information about redox 
reactions in the sulphur cycle when sulphur isotope data fail to 
do so. For example, 502 in subsurface. water may be partially 
reduced to HS” in deeper anaerobic enviroments, and the 
reduced product may be subsequently re-oxidized near the sur- 
face. The sulphur isotope composition may be conserved if 
processes such as metallic sulphide deposition or H5S escape 
are absent; in this case there would be no sulphur-isotope 
evidence of the reduction--re-oxidation sequence. However, dur- 
‘ing re-oxidation, oxygenjincorporated in the product 5027 can 
pe derived from both O, and H,O molecules; this generally 


i 


_springs)°. 


produces 5'%O values different from those of the original $027. 
The above scenario has been documented for sulphates in several 
springs in western Canada?“ 

Taylor et аі! presented a scheme whereby a plot (their Fig. 
2) of 8:80 values of SO2~ versus those of associated Н,О can 
be used to evaluate the relative participation of two specific 
oxidation reactions. In our laboratory, !50/!$O analyses have 
been done on sulphate produced by oxidation of biogenic H,S 
(near sulphurous springs)? and of metal sulphides (in acidic 
It would seem that the approach of Taylor et аі! 
could be applied to these data. However, when this approach 
was attempted, it became apparent that their Fig. 2 required 
refinement. 

Taylor et al.’ cited three reactions identified with the oxidation 
of FeS,: 


FeS,+ 14Fe?* +8H,O > 15Fe?* + 28037 + 16H* (1) 
Fe?* +10, + H* > Fe? +4H,0 (2) 


FeS,+30,+H,O  Fe?* +2803" +2H* (3) 


In reaction (1) all sulphate oxygen (O,) is derived from water 
molecules, whereas in reaction (3) 87.5% of the sulphate oxygen 
is derived from molecular oxygen and 12.5% from water 


, molecules. Sulphates produced by the two reactions have differ- 


ent $750, values because of the generally large difference, 
between the 8'5O values of O, and H,O (8*0, and 5*0, 
respectively). 

Even if reactions (1) and (3) apply, there are two reasons 
why the isotope composition of oxygen in the sulphate does.not 
necessarily reflect the stoichiometric proportions. First, a reac- 
tant atom need not end up in the product; it may instead enter 
a solvent molecule or another ion, depending on the reaction 
mechanisms and isotope exchange reactions. Second, reaction 
(2), the rate-limiting step for reaction (1), generates Н,О with 
а 5180 value similar ta that of O;, which may affect the isotope 
balance of reaction (1). In the absence of data bearing on these 
possibilities, the stoichiometry of reactions (1) and (3) will be , 
assumed to apply to the isotope composition, as done by Taylor 
et al, 

In their Fig. 2, Taylor et al.' plotted 8!*O values for SOZ in 
acid mine waters (8!#О„) against those for associatéd H,O 
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Fig. 1 Expected 8!*O, values for secondary sulphates produced 

by oxidation of pyrite plotted against the 5'*O,, value of associated 

water, for relative contributions by reaction (1) ranging from 0 tp 

100%. Broken lines are from Taylor et al.'. Points represent data 
for acidic springs in western Canada. 


(8/50,). They drew a line representing zero difference between 
8*0, and 5'O,,, labelled ‘H,O sole О, source’, and a parallel 
line, offset by about +3.5% and labelled 100%, representing 
sulphates produced exclusively by reaction (1). The offset 
reflects the estimated kinetic isotope effect for the reaction. Three 
further lines, corresponding to 75, 50 and 25% contribution by 
reaction (1) were drawn parallel to the first two lines. 

When we plotted 6180, values for dissolved sulphates from 
acidic spring waters in. western Canada, associated with lower 
8'*0,, values (—23% standard mean ocean water, SMOW) than 
the data of Taylor et al, an unrealistic contribution from 
reaction (3) was indicated. On further reflection, it was realized 
that the lines labelled 75, 50 and 25% should not be parallel. 
This can be readily appreciated by assuming a hypothetical 
reaction whereby all oxygen in the product sulphate is derived 
from O;. In that case, the plot would be a horizontal line, as 

8!*0, would be independent of 5'80,,. Whereas the line for 
100% contribytion of sulphate oxygen by reaction (1) should 
be parallel to the line for ‘H,O sole oxygen source’ and have a 
slope of unity (Fig. 1), decreasing contributions by reaction (1) 
would produce lines with progressively decreasing slopes. 

The above considerations are: incorporated in the isotope 
balance equation 


850,2 Y(6¥O,+ e,)+(1- Y) 
[0.875 (850, + £,) - 0.125(8!90,, + &,)] (4) 


in which Y is the fraction of 802- produced by reaction (1); 
Ew and є. represent shifts in 8!*O,, and 8!?O, values due to 
kinetic isotope effects during incorporation of O, and O, into 
sulphate. Using є, =+4.1% (ref. 1), „= —11.2% (ref. 1) and 
8150, = +23.8% (ref. 5), equation (4) can be rewritten as 


6180, = 6190,(0.875 Y + 0.125) + (11.5375 — 7.4375 Y) (5) 


Lines for 75, 50, 25 and 096 contribution by reaction (1), calcu- 
lated using equation (5), are plotted in Fig. 1; they converge 
and intersect at the point where 850, = +12.6% and 850, = 
+8.5%. This convergence means than at low latititudes, where 
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8750, values are closer to SMOW, it is more difficult to differ- 
entiate contributions from individual reactions than at higher 
latitudes, where 5:80), values may be lower than —30%. 

The 75, 50 and 25% lines from Fig. 2 of Taylor et al! have 
been added to our Fig. 1, together with 8!*O data from acidic 
springs in western Canada. It is readily seen that extrapolation 
of the parallel lines of Taylor et al.’ would indicate very different 
proportions for the relative contributions by reactions (1) and 
(3) to these sulphates. 

Figure 1 also suggests that oxidation of FeS; in contact with 
water having а 8/50, value of +8.5% should produce sulphate 
having a 80O, value equal to +12.6%, independent of the 
relative contributions by reactions (1) and (3). It should be 
possible to verify this point experimentally; this in turn would 
provide a check on the values for є, and &,, as well as on the 
validity of the assumption that the stoichiometry of reaction (3) 
applies, or whether the overall approach is too simplified. 
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Fluorescent bands in massive corals 
result from terrestrial 
fulvic acid inputs to nearshore zone 
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Queensland 4810, Australia 


The discovery of yellow-green fluorescent bands in the skeletons 
of massive corals from inshore waters of the Great Barrier Reef, 
and the temporal and spatial correlations of these bands with 
adjacent river flow’, prompted an investigation into the substances 
responsible for the phenomenon. We have determined that all 
regions of the coral skeleton contain fulvic acids^? which impart 
a blue background fluorescence. The yellow-green fluorescent 
bands found only in inshore coral appear to result from enhanced 
concentrations of low-relative molecular mass (<10, 000) fulvic 
acids from adjacent river input. These compounds are ubiquitous, 
and the yellow-green banding phenomenon can be expected to 
occur in massive corals located near to significant river systems. 
In the widely distributed genus Porites* , the great age of the largest 
colonies! means that extremely long, highly resolvable records of 
coastal runoff exist throughout tropical nearshore seas. 
Fluorescence spectra of coral core sections were obtained 
using a modified version of the apparatus described previously!. 
The new version employed a 150-W mercury arcexcitation beam, 
passed through a precision 360-nm bandpass filter and chopped 
at 285 Hz. A quartz optical fibre focused this beam into a 3-mm 
spot on the coral surface. Another optical fibre passed the 
fluorescence emitted from the coral surface into the mono- 
chromator and detector system of a Varian AA6 atomic absorp- 
tion spectrophotometer. This instrument was tuned to the chop- 
per frequency to eliminate interference from ambient light. 
The fluorescence spectra for the banded and background 
regions of the coral (Fig. 1) are very broad, with maxima at 
440-460 nm. These are indicative of humic and fulvic acids, 
mixtures of complex polyphenolic compounds with a wide range 
of relative molecular mass (M, < 5 x107?-5 x10*). Fulvic acids 
are generally in the lower M, range (<5 x 10*-3 x10^) and are 
defined as the fraction of the humic material soluble at pH 1 
(ref. 2). The ubiquitous blue fluorescence found in marine and 
terrestrial waters? is thought to result from the presence of these 
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Fig. 1 Emisston spectra of the. a, ‘yellow-green Бапа": and b, 

background regions of an inshore Pontes spp coral skeleton. The 

'yellow-green band' corresponds to the large January 1974 flow 

recorded 1n the nearby Burdekin River’. c, Direct subtraction of 
b from a 


humic compounds. In particular, the high fluorescence efficiency 
and refractory nature of terrestrial humics has enabled their use 
as conservative tracers of fluvial input to coastal waters^*. The 
molecular structures and the nature of the fluorescing 
chromophore(s) of these compounds are poorly understood”, 
although their general fluorescent characteristics and strong 
metal-complexing nature have been well documented”* 

The following simple experiments were performed to test the 
hypothesis that the fluorescence in the inshore-growing corals 
was a consequence of humic inclusions in the crystal structure 
of the skeleton. All solutions were adjusted to pH 6.5 before 
obtaining fluorescence spectra using an Aminco- Bowman spec- 
trofluorometer. 

(1) Dissolution of coral samples in dilute НСІ gave solutions 
which showed broad fluorescence excitaton and emission 
spectra typical of humic compounds’. Excitation (light absorp- 
tion) maxima occurred in the 320-340-nm region with distinct 
shoulders at 250-270 nm. Emission maxima occurred at 410- 
440nm The greater wavelength of emission maxima for the 
intact corals (Fig. 1) is compatible with the greater degree of 
crosslinking and structural rigidity conferred on the humic 
molecules when contained in a solid matnx*. 

(2) Solutions of similar fluorescence characteristics to the 
above were obtained by hot alkaline (0.1 M NaOH) extraction 
of the crushed coral samples, denoting the existence in the 
skeleton of organic acid functional groups. 

(3) Addition of excess Fe'' to solutions obtained by acid 
dissolution or alkaline extraction of the coral shifted the 
emission maximum (+25 nm), with 30% reduction in intensity. 
These observations are consistent with the formation of a strong 
humic matenral-Fe?* complex, and the quenching of fluores- 
cence of these compounds by Fe?’ (ref. 3). 

(4) Extracts of coral samples, acidified to pH 1, were passed 
through Amberlite XAD-2 resin which has a strong affinity for 
adsorption of humic compounds in the acid form? It was found 
that 90% of the fluorescent components were adsorbed onto 
the resin and could be eluted subsequently with NH,OH solution 
pH 11. 

(5) All of the fluorescent material in the coral was apparently 
soluble at pH 1, as evidenced by unchanged total fluorescence 
after 0 2-,.m filtration. Following the usual definition? we shall 
refer to this material as fulvic acid 

Comparison of the emission spectra (Fig. 1) for the back- 
ground and ‘yellow-green band' areas of the coral shows that 
their maximum differences occur in the 480-530-nm region. 
These differences, although small, combined with the human 
eye response around 540-560 nm, result in the yellow-green 
appearance of the bands and their remarkable visible contrast 
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Table! Apparent M, distribution (% in each size class) of the dissolved organic 
carbon in acid extracts of the yellou-green fluorescent band and background 
regions of a coral skeleton! 











Ydlow-green Background 
Apparent Distnbution® Fluorescence Distribution? Fluorescence 
M, (xt fx fm (%) Ex Em 
<1,000 324 32,1 320 415 255 213 330 415 
10)-10* 306 279 325 430 132 181 320 415 
>10* 370 402 325 415 613 606 332 420 


Lxtract solutions were adjusted to pH 6 5 and passed through а 0 2 pm filter 
before ultrafiltration using Amincon UM-2 (M, 1,000) and UM-10 (10,000) mem- 
branes’? The fluorescence characteristics of the resulting fractions are expressed 
as Ex (wavelength of maximum excitation) and Em (wavelength of maximum 
emission (nm)) 

* Results of duplicate analyses 


with the blue background fluorescence. We consider that the 
fulvic acid composition in the two distinct regions of the skeleton 
is sufficiently vancd to impart these small but visually prominent 
differences in their emission characteristics. We investigated the 
M, distribution of the compounds present in acid extracts of 
the two different regions of the skeleton. We employed Amincon 
ultrafilters with nominal M, cutoffs of 10° and 10° daltons, using 
a similar procedure to that described by Cole ег ai' The 
dissolved organic carbon (DOC) content of initial, filtrate, and 
concentrate solutions was determined using a Graentzel DOC 
analyser''. Table 1 shows that the yellow-green fluorescing 
region of the coral contained significantly greater (P < 0.05) 
proportions of fulvic acids in the «10? and 10°-10° daltons size 
classes than did the blue-fluorescing background region of the 
coral. 

The synchrony of deposition of the yellow-green fluorescent 
bands with adjacent fluvial inputs, and the lack of such bands 
in mid- and outer-shelf corals' allows us to postulate that the 
enhanced fulvic acid levels in the yellow-green bands are of 
terrestrial origin. These terrestrial fulvics probably differ con- 
siderably tn structure and chemical characteristics from the 
fulvic compounds generally present in sea water’? 

We were able to induce yellow-green fluorescence in the 
fast-growing branching coral Acropora formosa by incubating 
the colonies in local sea water to which fulvic acid extracted 
from a local alluvial soil had been added at either 10 or 15 mg 17". 
This demonstrated conclusively that the inclusion of these 
ambient compounds can impart the unusual fluorescence 
characteristics to coral skeletons. 

The global distribution of massive species of Porites combined 
with the ubiquity of fulvic compounds and their ingress to 
nearshore environments via fluvial pathways, suggests that the 
fluorescent banding in inshore corals will be a general 
phenomenon. In accordance with previous arguments', it 
implies that centuries of rainfall/ runoff analogues are available 
in corals from a globa! range of locations. 

We thank our colleagues from the Australian Institute of 
Marine Science for assistance, especially D. Barnes, W. Ban- 
daranayake, A Nott, E. Daniel and M. Rennie This is contribu- 
tion no. 273 from the Australian Institute of Marine Science 
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The skull of an unusual new mammal-like reptile of the family 
Tritylodontidae, recently discovered in the Jurassic of northeastern 
Mexico, is described here as Bocatherium mexicanum. Tritylodon- 
tids are the last survivors of tlie great radiation of mammal-like 
reptiles that also gave rise to mammals at or near the Triassic- 
Jurassic boundary (~200 Myr ago). These superficially rodent-like 
herbivores coexisted with early carnivorous mammals for some 
'50 Myr before becoming extinct in the-Jate Jurassic. Although 
eight genera are recognized, their interrelationships have remained 
unclear because it has been impossible to determine the direction 
of morphological change within this morphologically stereotyped 
group. Unusual specializations of the Mexican skull now permit 
Character polarities within the family to be determined .and a 
cladogram to be constructed. Bocatherium shows a close relation- 


ship to Bienotheroides! of China and Stereognathus?? of Great, 


Britain. It is the first mammal-like reptile and probably the oldest 
terrestrial vertebrate from Mexico. 

Controversy remains as to the closest relatives of tritylodon- 
tids; they are either the terminal taxon of the gomphodont 
cynodonts, a group showing, herbivorous adaptations similar to 
those of tritylodontids^, or very close relatives of the earliest 
true mammals, with which they share many similarities). The 
eight Benera described so far are: Tritylodon? and Tntylodon- 


toideus® from southern Africa; Bienotherium’, Lufengia" and , 


Bienotheroides! from China; Stereognathus?^ from Great 
Britain; Oligokyphus from western Europe? and Arizona!^; and 
Kayentatherium from Arizona. Stereognathus i is mid-Jurassic 
(Bathonian) and Bienotheroides is: mid- or late Jurassic? 
whereas the remaining taxa are considered to be of early Jurassic 
age”. Fragmentary postcranial remains from the Los Colorados 
Formation of Argentina, probably late Triassic (Norian), seem 
to represent the oldest-known tritylodontid!^. We have been 


‘prompted to reassess the intrafamilial relationships of tri-. 


tylodontids by the discovery of a nearly complete skull with 


lower jaws from northeastern Mexico (collected by J.M.C. in ' 


November 1982). The specimen pertains to a new genus-and 
species which is described below. 
Division Synapsida (Theropsida)"? 
Family Tritylodontidae 





Fig.1' Bocatherium mexicanum. Holotype skull (IGM 3492) in. 

lateral (a) and ventral (b) views. Right mandible removed in Б. 

Key: f, frontal; i, incisor, j, jugal; la, lachrymal; mx, maxilla; n, 

nasal; pal, palatine; pm, premaxilla; sm, septomaxilla. Scale bar, . 
lcm. 
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Table 1 Measurements of B. mexicanum type (mm) 

Basal skull length o CO - 

Right cheek teeth Length Width 
M1/ А 42 5.2 
M2/ . 41 5.1 
M3/, ` 4.0 > 50 
M4/ | Al 5.0 
M/1. 52 3.8 
M/2 5.2 3.9 
M/3 5.2 4.0 


Genus Bocatherium, gen. nov.’ 

Diagnosis. Bocatherium is unique among tritylodontids in having 
a large'boss on the lateral surface of the dentary anterior to the 
masseteric fossa. It differs from other tritylodontids with the 
exception of Bienotheroides and Stereognathus in that: (1) its 
maxilla is reduced to a simple, nearly cylindrical bone lacking 
a medially directed horizontal lamina contributing to the secon- 
dary palate, a dorsally directed facial process in contact with 
the nasal, and a laterally directed lamina underlying the jugal 
on the anterior root.of the zygomatic arch; (2) its upper post- 
canine teeth have only two cusps in each of three longitudinal 
rows (other tritylodontids have at least three cusps in the central 
row). Bocatherium is distinguished from Bienotheroides in hav- 
ing a slender, rather than extremely deep, zygomatic arch. It is 
distinguished from Stereognathus (known only from isolated 
teéth and a left maxilla with three teeth) in having upper post- 
canine teeth with an oval rather than quadrangular outline in 
crown view. 


c 


Bocatherum mexicanum, spec. nov. 


Diagnosis. As for genus.. 

Type. IGM 3492, Instituto de Geologia, Universidad Nacional 
Autonoma de Mexico, Mexico City; a skull with lower jaws, 
lacking the right zygomatic arch, the roof and much of the sides 
of the braincase. 

Horizon and locality. Approximately the middle of the 400-m- 
thick exposed section of the La Boca Formation in Huizachal 
Canyon near thé towns of Huizachal, Anacahuita and La Joya, 
15 km south-west of Ciudad Victoria, Tamaulipas State, Mexico. 
The La Boca Formation consists of terrigenous sediments which 
lie between Permian and late Jurassic (Oxfordian) marine sedi- 
тепіѕ!6-!8, The occurrence of a tritylodontid suggests a Jurassic 
age for that part of the formation from which the fossil was 
collected. However, late Triassic plant fossils are reported from 
discontinuous beds assigned to the La Boca Formation at a 
locality 12 km to the погіћ!, The conflicting ages probably 
indicate that the La' Boca Formation contains strata of both 





Fig. 2 Lateral views of tritylodontid facial regions representing 

the primitive pattern of facial bones exemplified by Bienotherium 

(а). and the derived pattern exemplified by Brenotheroides! (b). 

` Not to scale. Key: 1, the facial process of the maxilla; other 
abbreviations are as in Fig. 1. 
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Fig. 3 Ventral views of-tritylodontid skulls a, 

Oligokyphus?; b, Tntylodon; c, Bienotherium; 

d, Kayentatherium (H.-D. Sues, unpublished); 

` e Brenotheroides'; f, Bocatherium. Key: 2, 

palatine process of maxilla; 3, zygomatic pro- 

cess of maxilla; other abbreviations as in Fig. 
1. Cusps on teeth omitted. Not to scale. 


1 


Triassic and Jurassic age, as has already been suggested by a: 


palaeomagnetic study of rocks in this area, which identified 
- three diachronous units’ within the La Boca Formation. The 


Huizachal Canyon beds have the youngest pole position of the Н 
three, but a pole position has not been determined for rocks of 


the plant locality. i 
Bocatherium mexicatum (Fig. 1) is one of thé smallest tri- 
tylodontids (Table 1), only slightly larger than Lufengia minor?, 
but the only known skull may represent a sub-adult individual. 
Immaturity is suggested by the unusual depth and robustness 
of the dentary and by the relatively small number and large size 
of the cheek teeth, features characterizing juvenile but not adult 
Bienotherium yunnanense (J.A.H.,' unpublished). However, 


unlike immature'individuals of other tritylodontids (see, for : 


example, Fig. 3d), the teeth are of equal size rather than the 
posterior teeth becoming increasingly larger (Table 1). In overall 
morphology, Bocatherium resembles other tritylodontids, differ- 
ing most notably in the bulbous swelling on the dentary anterior 
to the masseteric-fossa. Basicranial and braincase structure, as 
preserved, are typically tritylodontid?"?, 

In the pattern of bones on the side of the face and on the 
palate, Bocatherium is strikingly different from all other tri- 
tylodontids (Figs 2a, 3), indeed, from all other cynodonts 


(cladistically including mammals), except Bienotheroides' and .. 
Stereognathus (J.A:H., unpublished). In these three genera, the ' 


maxilla is reduced to a nearly cylindrical element holding the 
roots of the teeth; thus, it lacks the usual thin laminae extending 
upward onto the face, medially onto the secondary palate and 
laterally below the jugal. Bocatherium and'Bienotheroides (Figs 
2b, 3), and by inference Stereognathus, show the following, 


specialized features. The premaxilla is greatly enlarged so that . 


it is in contact with the nasal and the anteriorly expanded 


lachrymal on the side обе face and the anteriorly expanded | 
palatine on the secondary palate. The jugal is expanded antero- . 


posteriorly on the lateral surface of the maxilla to form a | long 


flat vertical contact. This contact facet is seen on the” type . | 


specimen of Stereognathus ooliticus, usually described as a right 
maxilla?? but actually a! left (J.A:H., unpublished). Opening 


onto the face at the junction of the jügal, premaxilla and lachry-- 7 


‘mal is a large infraorbital foramen, the medial wall of which 
is formed by a prominent groove on the maxilla (visible in 
S. ooliticus). 


The crown pattern of the upper рбысайше teeth of these three 
genera differs from that of all other tritylodontids in having two .. 


D 
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cusps in each of three longitudinal rows, with very smali 
accessory cuspules at the anterior end of each row. The crowns 
are oval in occlusal outline in Bocatherium and Bienotheroides, 
quadrangular in Stereognathus. ` 

Knowledge of the extremely derived ‘condition of the facial 
and palatal bones in these three genera permits the remaining 
genera known from adequate skull material to be arranged in 
a- morphocline (Fig. 3). (Tritylodontoideus® is too poorly pre- 
served to be included.) The most derived early Jurassic taxa are 
Kayentatherium (H.-D. Sues, unpublished) and Lufengia 
(J.A.H., unpublished), in which the premaxilla and palatine 
closely ‘approach each other on the palate so that the maxillary 
component is greatly reduced. The premaxilla is in contact with 
the nasal in Lufengia juveniles (known adult skulls are damaged 
in this region) but not in Kayentatherium and other early Jurassic 
genera (Fig. 2a). The palatine of Bienotherium shows the primi- 


tive unexpanded condition, but the premaxilla extends well back 





TRITYLODONTIDAE 


Fig. 4 Cladogram showing proposed relationships of tritylodon- . 
tid genera. Synapomorphies for each node are as follows: 1, Second 

' upper and first lower incisors enlarged; first upper incisor very 
small; canines absent; cheek teeth with divided roots; postcanines 
with three (upper) or two (lower) longitudinal rows of crescentic 
cusps; postorbital bar and prefrontal and postorbital bones absent. 
2, Premaxilla extends further posteriorly on palate; snout relatively 
short with no post-incisive constriction. 3, Premaxilla extends 
posteriorly between anterior postcanines, and palatine extends 
anteriorly beyond level of palatine foramina $o that palatine pro- 
cess of maxilla is reduced. 4, Premaxilla in contact with nasal, and 
facial process of maxilla reduced i in area (in Lufengia juveniles; 
adult condition uncertain). 5, Facial, palatine and zygomatic pro- 
‘cesses of maxilla absent; upper cheek teeth with two principal 

cusps in each longitudinal row. 


i 
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on the palate (J.A.H., unpublished). АП of the above genera are 
similar in possessing the presumably derived condition of a 
short snout lacking a constriction behind the incisor region. 
Tritylodon (J.A.H., unpublished) and Oligokyphus? have a short 
premaxilla and a long narrow snout with a mid-length constric- 
tion; these features are found both in early mammals?! and in 
gomphodont cynodonts (J.A.H., unpublished) and thus are con- 
sidered primitive for tritylodontids. The interrelationships of 
tritylodontid genera (Fig.4) suggest that a small number of 
cusps in the upper postcanine teeth is a derived condition. 

The close relationship of Bocatherium 'to  Bienotheroides 
and Stereognathus suggests that the Mexican form may also 
be post-early Jurassic in age; it is certainly younger than 
late Triassic. A Jurassic age for the upper part of the La 
Boca Formation is consistent with the stratigraphical'? and 
palaeomagnetic!? evidence. We believe Bocatherium to be the 
oldest terrestrial vertebrate known from Mexico. If the upper 
part of the La Boca Formation proves to be middle Jurassic in 
age, Bocatherium will be the first terrestrial vertebrate of this 
age in North America???*, 

Wethank R. C. Belcher, O. Carranza, R. Cifelli, J. C. Guerrero, 
A. C. Milner, H.-D. Sues, A.-L. Sun and M. O. Woodburne for 
their aid. This research was supported by grants from the NSF 
(to J.A.H.) and the Hinds Fund of the University of Chicago 
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and the Theodore Roosevelt Fund (to J.M.C.). Illustrations were 
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The two central elements of neo-darwinian evolution™? are small 
random variations and natural selection. In Wright’s view, these 
lead to random drift of mean population characters in a fixed, 
multiply peaked ‘adaptive landscape’, with long periods spent near 
fitness peaks^^, Using recent theoretical results’, we show here 
that transitions between peaks are rapid and unidirectional even 
though (indeed, because) random variations are small and transi- 
tions initially require movement against selection. Thus, punctu- 
ated equilibrium?", the palaeontological pattern?? of rapid transi- 
tions between morphological equlibria, is a natural manifestation 
of the standard wrightian evolutionary theory and requires no 
special developmental, genetic or ecological mechanisms!9-??. 

The simplest neo-darwinian model for the evolution of the 
population mean X of a genetically determined character 
expresses the change dx in time interval dt as the sum of a 
natural selection term and a random vanation term: 


dx(t)= F'(x(1))-- o dW(t) (1) 


F(X) a one-dimensional genotypic? or phenotypic!^ adaptive 
landscape, describes the mean population fitness. 1f, for 
example, the slope F’ is positive (a rising landscape) at X(t), 
natural selection pushes X towards larger values. The parameter 
a gives the magnitude of random variations relative to that of 
natural selection. The random process W(t), a standard 
brownian movement with zero mean drift, represents, for 
example, genetic drift and short-term environmental fluctuations 
showing no obvious trend. We assume, for simplicity, that o is 
independent of X. 
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Fig. 1 Punctuated equilibria ın a numerical solution of the dis- 
crete time equation, X(t-- 1) - X(1) = G'(X(1)) + sw, The landscape 
G has a lower peak at X —0, a valley at x 2 1 and a higher peak 
at X=3; its slope, G’, takes only the values +0.01 or —0.01. 
w, Represents the sign of random variables, s their magnitude. For 
each t, w, is independently +1 or —1 with equal probability; 
s —0.07. The jagged line plots X(t) for 5,000 time units. As theory 
predicts, during the transition between peaks, X moves from 0 to 
1 as if the direction of natural selection were reversed, that is, at 
the same speed that X moves by natural selection from 1 to 3. 


Suppose that the landscape is doubly peaked: as X increases, 
F rises to a peak at X= p, declines to a valley at X= v, rises to 
a second higher peak at X — P, then declines. Let the initial value 
X(0) be smaller than v. To mimic the fossil record, suppose X(t) 
is observed, not continuously, but at some finite (perhaps large) 
number N of epochs 0 « t, €... « ty, perhaps chosen by another 
random process modelling stratigraphic sampling. There is a 
natural timescale 7, associated with transitions from the smaller 
to the larger peak which increases dramatically as а decreases. 
We suppose that the intervals between observations are, for 
small values of o, proportional to Ta. 

Under these assumptions?, for small o, the observed X(1,) 
values behave quite differently from X(t) itself, which is intrinsi- 
cally continuous. As « approaches 0, the observed values 
become fixed exactly at p for some random (exponentially 
distributed) time, then jump (apparently) instantaneously to P 
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Еір. 2 а, Response to selection for scutellar bristle number ın 
female Drosophila (presumably melanogaster; species not given’®) 
according to MacBean et ai,'®, as simplified by Parsons!?. b, 
Increase in thoracic width of the Antarctic radiolarian Pseudocubus 
оета during —2 5 Myr according to Kellogg", as simplified by 


Parsons!? 


and remain there (apparently) indefinitely. Analogous results 
hold if F has more than two peaks? or if х is multidimensional'^. 

To understand this result, note that a movement of X from p 
to v goes against the influence of natural selection and, for small 
а, is very improbable. Improbable events eventually occur (with 
timescale т„) and then by the most likely of the improbable 
alternatives. Here it is most likely? that small random variations 
combine to push X from р to v as'if the direction of natural 
selection were reversed, hence rapidly and unidirectionally. 
Once at v, the move to P is by natural selection. The rapidity 
of the second part of the transition is well recognized", whereas 
that of the first part seems largely unknown. 

Figure 1 is a computer simulatjon illustrating the theoretical 
results about equation.(1). For comparison, Fig.2 shows 
examples! (from ref. 18) of obseryed punctuated equilibria 
with two different timescales.’ 

In a changing landscape, punctuation can be triggered by 
selection, rather than drift, either by a rapid (for example, 
environmental) change? 
the currently occupied peak". The introduction of a rare selec- 
tively superior mutant into a population from which it was 
previously absent can lead to punctugtion???! corresponding to 
transition from an unstable equilibrium in a fixed landscape. 
Our analysis is the first to show that transitions between stable 


equilibria, triggered by drift in an unchanging adaptive land- ' 


scape, should have fossil records iskopu shapi from punctu- 
ations triggered by selection. , 
Gradual evolution is only possible in an unchanging land- 


scape either if o is not small (violating neo-darwinian assump- ` 


tions) or if sampling intervals ate as short as the timescale of 
natural selection (unusual in fossil records). Even assuming 
many peaks, the suggestion??? that stepwise changes will appear 
to be gradual on a coarse timescale seems to be inconsistent 


or after a gradual change eliminates. 
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with Wright’s model: an increased timescale of observation 
implies? that more local peaks are skipped over apparently 
instantaneously and stasis is observed only at higher fitness 
levels. 

Gradual evolution is possible in a changing landscape if peaks 
shift gradually and unidirectionally. Our analysis suggests a 
resulting palaeontological pattern of 'punctuated shifting equili- 
bria’ as the gradual evolution of a population following a moving 
peak is punctuated by rapid transitions between peaks. It is 
unclear whether such changing landscapes should occur com- 
monly. 

Models similar to that described in equation (1) are applicable 
directly to populations that are panmictic or have much migra- 
tion and hence are geographically homogeneous. Because the 
timescale 7, is a rapidly increasing function of population size, 
equation (1) predicts stasis and punctuation for a small to 
moderate population but only stasis for a large population. 

The model in equation (1) may be applied to an isolated 
subpopulation with a smaller 7, than the larger parent popula- 
tion. Allopatric speciation will occur if the subpopulation, after 
transition ta a new peak, cannot interbreed with the parent 
population. Without requiring special 'genetic revolutions', s 
our analysis predicts that punctuated equilibria will be associ- 
ated with the branching speciation of isolated subpopulations. 

Generalizations of equation ' (1) incorporating spatial 
inhomogeneity in a local mean chargcter correspond to Wright's 
notion of local populations in his shifting balance model?^, in 
which he suggested thet speciation could occur without physical 
barriers to migration and pene flow. Mathematically non- 
rigorous^^?? and rigorous”® results suggest that punctuation 
occurs on the timescale т needed to form by random drift 
(against natural selection) a ‘critical droplet’ (that 1823, а geo- 
graphical region where transition to a higher peak of fitness 
occurs) which is of sufficient size to resist swamping by gene 
flow; such a critical droplet spreads rapidly by selection. The 
timescale 7 1s a slowly decreasing function of population size?’ 
(for fixed spatial density) because a critical droplet can form in 
each Jocal subrange*”*. Unlike Ta, this т need not exceed geologi- 
cal timescales even for very large populations. 
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Anyone who has stared at a repeating wallpaper pattern, or a 
periodic pattern of tiles, has probably experienced the phenomenon 
of a false stereoscopic depth percept. This arises because of a 
mismatching in the two eyes of repeating elements in the pattern. 
The phenomenon is less likely to occur if an edge of the textured 
region is in view; the edge seems to fix the registration of elements. 
We describe here a stereogram which exemplifies this principle; 
it has a central, periodic region bounded on either side by edges 
with pre-assigned disparities. We find that the perceived depth of 
the central region is controlled by the edges. In certain conditions 
(when the period is spatially large), the edges simply impose one 
of the expected discrete matchings. In other conditions, however, 
we observe a striking phenomenon: interpolation in depth occurs 
between the edges, violating any possible feature-by-feature 
matching. 

Our stereogram can be broadly described as a regular grid of 
points with horizontal disparities introduced at the two vertical 
edges (Fig. 1A). A single row of the grid is shown in Fig. 1B, 
where the convention is that the vertical alignment of the dots 
seen by the left and right eyes corresponds to the zero disparity; 
that is, if each dot were matched to that vertically above or 
below, they would be seen in the fixation plane. The row consists 
of a set of equally spaced dots, typically 6 arc min apart, but 
with the left-most dot moved inwards a certain fraction, 51, of 
the inter-dot spacing in the left eye, and the right-most dot 
moved inwards by a fraction Sg of the inter-dot spacing in the 
right eye. 

The stereoscopic percept depends on how points in the two 
eyes are matched. When the stereogram is inspected carefully, 
using a large inter-dot spacing (for example, Fig. 2 viewed close 
up), one of two possible percepts is seen, depending on the size 
of S, and Sp. When S; and S; are small, the percept corresponds 
to the matching shown in Fig. 1C(1), and consists of a plane 
with two flaps tilted forwards at the edges [Fig. 1D(1)]. When 
Sy and Sp are large, the underlying matching is that of Fig. 


Fig. 1 A, The grid of our stereogram, showing . 
the test dot. B, A single row from the grid, with 
the left-most dot in the left eye displaced 
inwards by a fraction Sj, and the nght-most 
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1C(2), in which each point is paired obliquely; the percept here 
is of a grid lying in front of the fixation plane, with two unpaired ' 
points at the edges [Fig. 1D(2)]. Thus, changing 5; and Sr 
causes a change of matching throughout the central regular 
lattice. Such propagation of matching from a limited area 
throughout a periodic region has been shown to occur in 
stereograms studied by Julesz and Chang’, of which ours can 
be regarded as a highly specialized case. 

To explore the depth percepts more узана we added 
a test point beneath the grid (Fig. 1A) and asked subjects, in a 
forced-choice paradigm, to judge whether the test point lay in 
front of, or behind, the grid. The test point was placed at.a fixed 
vertical position below the grid, and could be given any desired 
horizontal location, so that depths of particular regions of the 
grid could be explored. The test point was randomly given one 
of seven equally spaced disparities, chosen so that at one extreme 
the grid lay considerably in front of the test point, and at the 
other, behind it. By fitting a cumulative gaussian curve to the 
percentage of trials on which the grid was reported as lying in 
front of the test point, we could locate the apparent mean 
position of the region of the grid above the test point, and also 
determine the standard deviation in its perceived position?. 
Observers were first shown a fixation pattern which disappeared 
during the subsequent 160-ms presentation of the grid and test 
point. 

When the (horizontal) inter-dot spacing in the central region 
was >6-8 arc min, we found that the grid lay either in the fixation 
plane [as expected according to Fig. 1C(1)], or moved forward 
to the depth expected of the oblique matching in Fig. 1C(2). 
The former was seen when the sum of the displacements, S, + Sp, 
was small (<1 inter-dot spacing), and the latter when the sum 
was large (>1.5 inter-dot spacing). For intermediate values of 
the sum 5; + Sp, either depth percept might be seen on a given 
trial, with a probability depending on the sum S, + Sp. 

A radically different type of behaviour was seen when the 
inter-dot spacing was «6 arc min; it was then possible to obtain 
depth percepts which could not be accounted for by any discrete 
matching of points. For example, Fig. 3A shows a depth profile 
of a grid with S = 0.2, Sp = 0.8. This profile is slanted in depth: 
it runs continuously between the depths which would be expec- 
ted from matching the end points (open circles), and none of 
the intermediate values is compatible with discrete pairings of 
points within the grid. It is as though the end points have been 
paired and the intermediate depths obtained by interpolation 
between these extremes. For comparison, Fig. 3A also shows 
profiles for $; = 8р = 0 and $; = эке 67; both of these are. 





dot of the right eye displaced by a fraction Sp 
of the inter-dot spacing C, (1), (2), Two poss- 
ible matchings of points of the left and right 
eyes in a single row. In (1) the dots are matched 
in sequence; in (2) the displaced dots at the 
ends of each eye’s row are unmatched, and a 
point in the left eye is matched to a point in 
the right eye which is one step of the grid to its 
left. D, The depth percepts expected, based on 
conventional stereoscopic theory, from the 
matchings (1) and (2). The fixation plane (ver- 
tical matching in C) is indicated by an arrow 
In fact, a fixation target was always presented 
before the grid was shown, but was never shown eo ee 
simultaneously with it. In (1), two dots lie in 
front of the fixation plane. Here S, is shown 
smaller than Sp, so the nght-most dot should 
be farther in front than the left-most. In (2) the 
grid lies in front of the fixation plane (corre- 
sponding to a crossed disparity). The two 
monocular points (open circles) appear to lie 
behind the grid, although we do not know pre- 
cisely what perceived depth should be assigned 
to them. 


e e о ө e ө е ө Left eye 


oe Г Right eye 


eoo H 
Sp’ 


D Fixation 
plane 
grees 


n) e 


$-———9 
°. 
S 


Fixation 
plane 
——— 


NATURE VOL. 315 30 MAY 1985 ` 





4 9 ^» 5 э е * 9 = +t ө эө o е ә 
ьо ө е о ө е е га его э е е е о 
А *« ө ө ә ө е о = ,- ә œ ee eee 
гоо э ө ө € » e е o э .* э 
oe ө „э оос ө а @ э ө o's ee 
e © * е ө ео ө өе ооо ө > oe eee 
e. * 9 6 е е э oo eee © © 9 8 е э ө 
В о» ә ө э о е е эе ооо оо 9 se 9 е o 
І $ * à ө ө е е 9 oo es о ө ө е $4 ө * в 
e © * ө ө ө 9 е o ee * е s e 999 = 
€ * 9999 т а 089 ees ө э 929 а э 5 
s. e bosas ә э e-e eo oe е э ө е 
Соо оь ово е өсө е * € ө ө ө э € ө э е 
оов о о в.о. 9 а о ооо э оо ө ө ө 
єв" о e о ө è e è è a a $$ ө з ө 
(Right) (Lett) 


Fig. 2  Astereógram of grids (with dimensions somewhat different 
from those in Fig. 1A) to show the basic phenomena. The displace- 
ments S, and S, are equal: they have a large value in panel A 
and are zero 1n' C. In B, a displacement has been chosen which 
should give an intermediate depth percept under interpolation 
conditions. Those who free-fuse by converging will see the grid 
correctly; those who diverge will see the depths reversed. When 
the stereograin is viewed quite close up (say 1 m), the discrete 
matchings of Fig. 1C and D should be seen. When it 1s viewed , 
from a distance of 73 m, the inter-dot spacing comes within the 
interpolation range («6 arc min), and B should appear at a depth 
between that of A and C. 


flat, the former being close to the fixation ie and the latter, ` 
forward of it, though not as far forward as would be expected . 


for the oblique matching. 


These intermediate-depth percepts do not correspond toan | 


ambiguous alternation between the two matchings, as demon- 
strated by the Curves showing the proportion of trials in which 
the test dot lay in front of the grid, as a function of test dot 
disparity (Fig. 3B). If there меге an alternation of percepts, 


these curves would be broad, encompassing the range from the ^ 


fixation plane to the forward matching. However, they are very 


narrow, having a standard deviation of 10-15 arcs. The inter- ` 


mediate depths (such as curves b-d in Fig. 3B) are, in fact, as 


well localized as the extremes (curves a, e) which satisfy a - 
*conventional' matching. Depth percepts which lie between ; 


possible discrete matches have been described by Foley?, and 
may be related to those we find, but his conditions were very 
different from ours, andthe intermediate states far less localized. 


Interpolation’ appears to be, quite stable under prolonged ' 


inspection (for example, Fig. 2 viewed at 73 m), and, in par- 
ticular, the percept does not depend on vergence. The viewing 
time of 160 ms used in our experiments was designed to eliminate 
changes of vergence during each presentation. In one experi- 
mental condition, the displacements S were changed randomly 
from trial to ttial to prevent the observer, from maintaining a 
biased convergence position in front of the'fixation plane, and 
essentially similar results were obtained. 

One might attempt to'account for interpolation by saying that 
- the stereo matching system has a coarser resolution than 6 Arc 
min, and ‘sees’ only the ends of the grid when the inter-dot 
spacing is small. We can show: that this. is not the case by 
randomly perturbing points in the periodic region by the same 
amount in each eye; when this is done, the grid can be matched 


as a flat surface in the fixatión plane (Fig. 4A), but the oblique , 


, matching should introduce disparity variations (Fig. 4B). There 


` are general arguments for expecting: that the matching which 


gives the more continuous depth profile will be preferred* and,' 
indeed, even quite small random perturbations keep the grid-in, 


the fixation plane matching Fig. 4A, no matter how large the 


: displacements S. For example; for an inter-dot spacing of 3.7 arc | 
min, a 20-arcs (SM) ог 40-arc s (GM) perturbation serves to' ` 
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Fig. 3 A, Apparent depths for various values of 5; and Sp (shown 
in brackets) at selected positions along a grid of inter-dot spacing 
3.7 arc min (test subject G J.M.). Each solid point represents the 
mean of a psychometric curve (see B) based on at least 200 trials. 
The open circles show the expected depths of the paired end points 
of the grid, calculated from their disparities. B, Psychometric 
functions for various points in A (curves a-d) and for.the grid 
with-S, = Sp = 1 (e). The ordinate shows, for a given disparity of 
the test dot, the percentage of responses ‘test dot in front of grid’. 
If a cumulative gaussian is fitted to these points using the probit 
method?, its mean defines: the apparent depth of the grid, and its 
standard deviation indicates the imprecision of this depth 
judgement 


keep the grid in the fixation plane, even with the largest possible 
values of 5; and Sg. Stereoscopic matching is therefore sensitive 
to very small perturbations of the points in the grid. 

What is the relationship between interpolation and the con- 


. ventional point-by-point matching seen for larger dot spacings? 


To determine how they interact, we constructed a grid which 
expands slowly so that the spacing in the centre is in the range 
where discrete matching occurs, while the spacing at the edges 
lies well in the interpolation range (Fig. 4C). A displacement . 
at the edges brings forward the whole grid, generating a vivid 
arch in depth. This implies that interpolation is not merely ап . 
interpretative stage which, supplies appropriate depths after 
matching is complete, but can influence matches, as in the.central 
region here. 
, We have seen that the edges of the grid have a privileged role 
in that they provide end points for interpolation. What counts 
as an edge? If we displace two dots in the centre of our grid, 
so making a small gap, the resulting percept exhibits two seg- 
ments of interpolation (Fig. 4D), suggesting that the inner gap . 
provides two ‘edges’ in this sense (dotted lines). 

In summary, the stereo matching system appears to skip over 
regions with a periodic.spacing of <6 arc min, but is alert to 


: small irregularities within such a region. These irregularities : 


might be interpreted either as gaps or as disparity discontinuities. 


‘Of the two possibilities, the second is the more attractive; it 


implies that it is not periodicity perse which is required for 
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Fig. 4 A, In a modified version of the 
stereogram, a grid is constructed from several 
identical rows such as that shown here This A 
row is derived from that shown in Fig 1B by 
leaving the outer two dots in each eye 
unchanged, but randomly perturbing the inner 
dots by the same amount in each eye. The lines 
show the matching which corresponds to Fig. B 
1C(1), and the depth percept is shown to the 
right. This is found for all dot spacings in the 
1nterpolation range («6 arc min). B, An oblique 
matching, corresponding to Fig. 1C(2), in 
which each dot in the left eye is matched with 
a dot one further along in sequence in the right 
eye; this generates a ragged depth profile 
(shown on right) C, A modified version of the 
row shown in Fig. 1B. The spacing between 
dots at the edges is 3arc min; this spacing 
1ncreases gradually towards the centre, reaching 
a maximum of 11 arc min, and then decreases 
again, 1n a symmetrical fashion. The expected 
depth percept for the oblique matching shown D 
is a forward-bending arch. D, A gap is created 
by displacing two dots near to the centre of the 
grid. In the left eye, a dot is moved half an 
inter-dot spacing to the right; in the right eye, 
the dot which would be paired with this in the 
fixation plane is moved to the left by the same 
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amount. With the dot spacing in the interpolation range, two segments of interpolation are seen (shown on right). The fine broken lines 
indicate the matching which defines the ‘edge’ In fact, the perceived depth of these dots is somewhat variable between trials, and this 1s 


indicated by ringing of the dots 1n the diagram of the depth percept 


interpolation, but simply the absence of disparity discontinuities. 
There is an obvious economy in making explicit matches only 
where a potential disparity discontinuity is registered. 

These findings impose some constraints on models of stereo- 
scopic matching. For example, the fact that disparities at the 
edges determine the matching within each grid in the absence 
of vergence movements argues against the coarse-to-fine ver- 
gence strategy postulated by Marr and Poggio?. Information 
might, in principle, be propagated inwards from the edges by 
a cooperative process of point-by-point matching ^$, but it seems 
unlikely that such a mechanism operates under interpolation 
conditions. 
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Changes іп the dendritic branching 
of adult mammalian neurones 
revealed by repeated imaging in situ 
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A major obstacle to understanding the mechanism of long-term 
change in the vertebrate nervous system has been the inability to 
observe the same nerve cell at different times during the life of 
an animal. The possibility that changes in neural connectivity 
underlie the remarkable flexibility of the nervous systems of 
mammals has therefore not been tested by direct observation. Here, 
we report studies in which we have visualized the same neurone in 
the superior cervical ganglion of young adult mice at intervals of 
up to 33 days. This collection of nerve cells is particularly access- 
ible and therefore well suited to our approach. We find that the 
dendritic branches of the neurones examined change appreciably 
over intervals of 2 weeks or more; some branches retract, others 
elongate and others seem to form de novo. The apparent 
remodelling of these postsynaptic elements implies that the synap- 
tic connections of these cells normally undergo significant rear- 
rangement beyond what is usually considered to be the develop- 
mental period. 





Sexually mature male mice (8-12 weeks old, 25-35 g, CF1 
strain) were anaesthetized with chloral hydrate and mounted 
on a platform that could be moved in three axes for positioning 
and focusing. Either the right or the left superior cervical gang- 
lion was exposed through a midline incision, care being taken 
to preserve the blood supply. The wound was superfused with 
sterile lactated Ringer's solution (Travenol) and the pool of 
fluid grounded with a chloride-treated silver wire. The ganglion 
surface was illuminated at an oblique angle by a plastic light 
guide (diameter 0.7 mm). Proper adjustment of the angle of 
illumination caused the neurones on the surface of the ganglion 
to appear as a mosaic of polygonal cell outlines (Fig. 1a). 
Individual neurones could be identified as a result of variations 
in size, shape, neighbour relationships and position with respect 
to blood vessels. A particular nerve cell was selected for study 
and 35-mm colour transparencies were taken of the relevant 
region of the ganglionic surface at a magnification of x35-320. 
Following photography, the neurone that had been selected was 
impaled under direct vision'at a magnification of х125 with a 
microelectrode filled with a 696 solution of 5(6)-carboxyfluor- 
escein in 0.44 M KOH (pH 7.0; resistance 80-150 МО). Resting 
potentials usually ranged from —40 to —60 mV; all cells had 
overshooting action potentials, occurring either spontaneously 
or elicited by current injection through the microelectrode. The 
illuminator was then turned off and the dye injected ion- 
tophoretically by passing hyperpolarizing current for 2 min 
(3-4 nA d.c.). Subsequent observations of the cell were made 
on a video monitor with a low-light level video camera (GE 
model 4TES6 SIT) and a x40 water-immersion lens with a 
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Fig. 1 


numerical aperture of 0.75 and a working distance of 1.6 mm. 
The dye-filled cell was imaged using standard epifluorescence 
optics (390-490 nm excitation, 515 nm suppression); low-level 
illumination was provided by a 6-V, 15-W tungsten bulb con- 
trolled by a rheostat and focused through a heat filter. After veri- 
fying that the intended cell had been successfully injected, a 
portion of its dendritic arborization, usually one primary dendrite 
and its branches, was chosen for study. Fluorescent images were 
recorded on Polaroid film (Fig. 15). We photographed only a 
part of the dendritic arborization of each cell to minimize the 
time of exposure of the cell to the exciting wavelengths. The 
total period of exposure of the neurone to the exciting light was 
<1 min. After satisfactory pictures had been obtained the wound 
was closed and the animal was allowed to recover, The entire 
procedure usually took —1 h. 

Following an interval of 3-33 days, the animals were re- 
anaesthetized and the ganglion exposed as before. Projection 
of the transparencies made at the initial operation allowed us 
to identify the neurone that had been impaled previously. The 
cell was re-impaled and injected with dye in exactly the same 
manner as at the first operation (the dye is lost from the cell 
within a few hours). Comparisons of dendritic geometry were 
made either from single focal planes (Fig. 1b) or by reconstruct- 
ing the relevant portion of the dendritic arborization from 5-10 
photographs taken at slightly different depths of focus (Fig. 1c). 

Single neurones from a total of 57 mice were examined by 
this method. In 44 of these animals we were successful at the 
second operation in identifying the portion of the ganglionic 
surface that had been studied previously. In the other 13 animals 
we were unable to locate the appropriate region; most of these 
failures occurred near the beginning of our series of experiments 
when we were less experienced at choosing locations and cell 
groupings that would be easy to identify subsequently. In 28 of 
the 44 animals in which the correct region was located, the cell 
of interest was identified and successfully re-impaled. Average 
resting potential and action potential amplitudes were not 
appreciably different from values obtained at the initial 
operation. In the 16 remaining cases the neighbouring cells 
could be identified but the cell of interest apparently had died 
and been removed by phagocytic action. Thus the survival rate 
of neurones impaled and imaged in this way was ~64%. The 
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Identification and imaging of the same neurone over a 4-day interval. a, Surface images of a mouse superior cervical ganglion. The 
same ganglion cells could be recognized at a second operation by virtue of their size, position and relationship to other landmarks such as 
blood vessels. The neurone marked with an asterisk was impaled with a microelectrode and injected with 5(6)-carboxyfluorescein on both 
days (see text). b, Fluorescent images of a portion of the dendritic arborization of the injected cell in comparable focal planes (this and 
subsequent photographs were taken from a video monitor). Parts of several large dendrites and their higher-order branches can be seen; the 
cell soma is just below the bottom of the frame. c, Five to ten images at slightly different planes-of-focus were combined to form reconstructions 
such as those shown here. Comparison of the initial and final images of this and other neurones observed at intervals of a few days showed 
relatively little change (see Table 1). 


death of about a third of the neurones is not explained by 
illumination of the fluorescent dye, because in additional control 
experiments 4 out of 10 cells that were filled with dye but never 
illuminated also died. The fluorescent dye itself has been shown 
to be non-toxic in at least one other neural system’, although 
prolonged or intense exposure to the exciting wavelength cán 
kill dye-filled cells’. Therefore, it seems likely that impalement 
by a microelectrode is sufficient to cause the death of some cells. 

The dendritic arborizations of neurones observed in this way 
showed shape changes that were, in general, proportional to the 
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Fig. 2 Images of a neurone observed at an interval of 13 days. 
a, Fluorescent images of an identified neurone at the beginning 
and end of the period of observation; the plane of focus is approxi- 
mately the same in both images. b, Reconstructions of this portion 
of the dendritic arbarization of the neurone from six different focal 
planes at the beginning and end of the interval. Examination of 
higher-order branches showed changes that were more obvious 
than those observed at shorter intervals; for example, the branch 
marked by the arrow seems to have formed de novo about halfway 
along the major dendrite. 





















No. of cells No. of branches 
Interval (days) studied unchanged 
3-8 4 17 
13-14 3 11 
28-33 6 9 


Table 1 Dendritic changes of mouse superior cervical ganglion cells over intervals of 3-33 days 





No. of branches No. of branches Branches 


extended retracted changed (96) 
0 0 0 
4 3 39 
8 10 67 





































interval between observations. Although the images obtained at 
the two different times were never exactly congruent (in part 
“because of small differences in rotation and variations in the 
_ tension on the cell), the general configuration of the processes 
‘that had been viewed initially was easily recognized and always 
chad the same overall arrangement. Thus, dye filling was com- 
plete, or at least consistent in what it revealed. Detailed 
examination showed differences in the dendritic geometry of 
|; many cells, involving the retraction of some branches and the 
-extension of others. In some instances branches evident during 
the initial observation of the cell had disappeared altogether, 
whereas other dendritic branches appeared de novo in this 
interval. In most cases, the changes observed at longer intervals 
жеге more extensive than those observed at shorter intervals. 
Thus, eight neurones that were visualized at intervals of 3-8 
days showed relatively minor changes (Fig. 1). The 13 neurones 
_ that were imaged after 13-16 days often showed more obvious 
changes (Fig. 2). In seven animals the same cell was imaged 
after an interval of 28-33 days. Although the general configur- 
ation of the. dendrites at the second viewing could still be 
recognized as similar to the initial pattern, in each case the 
changes were more extensive than those observed at the shorter 
ntervals (Fig. 3; Table 1). Complete reconstructions of the 
relevant portion of the dendritic arborization were made in 13 
of the 28 cells studied. To quantitate this progressive change, 
individual branches were measured and scored according to 
whether they had changed by more than 10 jum (see Table 1). 
< Our results show that the dendrites of the cells observed 
| gradually change over periods of a few weeks. We cannot 
eliminate the possibility that such changes represent a response 
то the experimental procedure rather than normal remodelling 
of dendritic arborizations. However, two aspects of our results 
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Fig. 3 Reconstruction of a portion of the dendritic arborizations 
of two ganglion cells observed after an interval of 1 month. a, A 
dendrite with several branches has withdrawn, whereas another 
branch has apparently extended more than 50 pm. Dashed lines 
indicate continuance of some branches to deeper levels that were 
not photographed. b, Similar retraction and extension of particular 
branches. Changes observed after 28-33 days were more prevalent 
and extensive than those observed at shorter intervals (compare 
Figs 1, 2; see also Table 1). 






The classification of a branch as having extended, retracted or remained unchanged is based on an apparent change of >10 pm; measurements 
> were made from camera lucida drawings (see Figs 1-3) using a digitizing pad attached to a computer. Only terminal dendritic branches reconstructed 
“completely from multiple focal planes were included (13 of the 28 cells imaged at two different times). 


provide evidence against artificially induced changes in cell 
shape. First, the surviving cells remained healthy; resting poten- 
tial and action potential amplitudes of the cells at the second 
Observation were indistinguishable, on average, from values 
obtained during the initial impalement, and the dendritic 
arborizations, although changed, were normal in appearance. 
Second, and perhaps more importantly, the dendritic arboriz- 
ations changed progressively over the period of observation (up 
to 33 days) (Table 1). Although the procedure used here might 
have caused some initial damage, it seems unlikely that such 
an effect would continue to contribute to the loss and gain of 
dendritic processes weeks later. 

Our interpretation of these observations is that extension and 
retraction of dendritic processes is a normal occurrence in 
sympathetic ganglia of young adult mammals. As most synapses 
on superior cervical ganglion cells in the mouse are made on 
dendritic processes (ref. 3 and C. J. Forehand, unpublished 
observations), the dendritic changes we describe are presumably 
accompanied by commensurate changes in the synaptic connec- 
tions of these neurones. It will be of interest to examine neurones 
in other parts of the nervous system where this same general 
approach may be feasible. 

This work was supported by the USPHS and the Muscular 
Dystrophy Association. We thank J. Voyvodic for help with the 
computer analysis and C. Forehand, J. Lichtman, J. Sanes, W. 
Snider, E. Rubin and J. Voyvodic for comments on the manu- 
script. 
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Growing axons can be guided by a number of different cues: 
adhesive substrates’, diffusible factors’, electrical fields'^^ and 
even factors intrinsic to the neurone itself’? have all been shown 
to affect.axon orientation and outgrowth in vitro. However, in 
most intact systems it has proved difficult to test directly the role 
played by these putative guidance cues. Here, we describe a system, 
the developing wing of the fruitfly, in which we have tested simul- 
taneously two putative guidance mechanisms, physical constraints 
to axon growth (channels) and the position of neuronal somata 
(guideposts), using surgical techniques. We show that pioneer 
sensory axons can navigate correctly and form their normal 
stereotyped pattern of axon bundles in wing fragments that 
apparently lack both physical and neural cues. This technique 
allows access to the surface along which neuronal pathfinding 
takes place, making possible a wide range of experimental manipu- 
lations on the developing system. 
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Fig. 1 Sensory neurones of a wing at 2h after pupariation (a), 
or after having been removed at 2 h after pupariation and cultured 
for an additional 8 h (b) or 22 h (c). The earliest-arising neurones 
are those of the anterior cross vein campaniform sensillum (ACV), 
the second dorsal campaniform sensillum of the third vein (L3-2), 
the first twin campaniform sensillum (TSM(1)) and the giant 
campaniform sensillum of the radius (GSR); these neurones initi- 
ate axonogenesis just before (TSM(1) and GSR) or just after (ACV 
and L3-2) 2h after pupariation. The ACV, L3-2 and TSM(1) 
neurones are each accompanied by an 'extra' neurone, E-1, E-2 
and E.T respectively, which seem to develop similarly to the 
sensory neurones®; each of these cell pairs will be treated as a 
single unit designated by the name of the sensillum. Later-arising 
neurones initiate outgrowth at about the same times in vivo and 
in vitro, the ventral campaniform sensillum (L3-v) neurone at 5h 
after pupariation, and the neurones of the first and third dorsal 
campaniform sensilla of the third vein (L3-1 and L3-3) and of the 
bristle sensilla (Br) at 12 h after pupariation**. Axon outgrowth 
is slightly slowed but essentially normal in vitro'*, although axons 
often fail to grow proximally beyond the junction of the first and 
third veins (asterisk; see text) after 22h in vitro. Wings were 
cultured in Shields and Sang M3 medium supplemented with 10% 
fetal bovine serum?? as described previously!^, except for the 
addition of 250 U ті"! penicillin, 250g ml! streptomycin, 
0.63 ug ті! Fungizone (Gibco) and 50 pg ml"! tetracycline-HCl 
(Sigma), and the exclusion of 8-ecdysone from the medium. Distal 
is to the right. Scale bars, 50 um. 


The wing of the fruitfly Drosophila melanogaster develops 
from an epithelial sac, the wing imaginal disk. During early 
stages of metamorphosis, the disk everts and flattens, bringing 
together originally separate epithelia to form the dorsal and 
ventral surfaces of the flat wing blade. Gaps are formed between 
the apposed inner epithelial surfaces, so that by 4 h after pupari- 
ation a system of channels loosely corresponding to the pattern 
of venation of the adult wing is created *. These channels are 
transiently lost when the wing inflates between 12 and 24 h after 
риранайоп. The pioneer sensory neurones of the wing (the 
neurones of specific large campaniform sensilla) are born 
(before Oh after pupariation, from epithelial mother cells), 
differentiate (0-2 h after pupariation), initiate axonal outgrowth 
(1-3 h after pupariation) and complete the basic scaffolding of 
nerve bundles (12h after pupariation) before this time*?? (Fig. 
1). Thus, the first axons navigate through a system of channels 
between apposed epithelial cells, which might act to limit and 
guide axonal outgrowth. A similar role has been proposed for 











Fig.2 Transverse sections through wings that had been removed 
at 2 h after pupariation and cultured an additional 8 h. Neurones 
were stained with anti-horseradish peroxidase (HRP) and an HRP- 
conjugated second antibody, and appear dark because of the HRP 
reaction product. a, a!, Adjacent sections from a whole cultured 
wing, showing channels and the position of the soma of the L3-2 
neurone (a) and axon (a!, arrow) within the most central of them. 
b, b', Adjacent sections from a dorsal fragment generated at 2h 
after pupariation, showing the position of the L3-2 soma (5) and 
axon (b', arrow); note the lack of channels or folds along the path 
of axonal outgrowth. c, с', Adjacent sections from a ventral frag- 
ment, showing the pcsition of the soma of the L3-v neurone (c) 
and short axon (c', arrowhead); this fragment similarly lacks 
channels or folds along the path of axonal outgrowth. Three or 
more of each type of fragment (dorsal and ventral) have been 
completely sectioned; none shows any type of morphological 
irregularity which might act to guide growing axons in the distal 
wing blade. Fragmented wings for sectioning were reared and fixed 
after having been pinned flat onto Sylgard using glass needles; 
this reduces curling of the wings and does not affect axon guidance 
(8 h dorsal fragments, 6 of 6 cases). Wings were fixed and stained 
with anti-HRP as described previously?, except that HRP-labelled 
goat anti-rabbit IgG (Cappel) was used as the second antibody, 
reacted with diaminobenzidine, cleared in 80% glycerol, embedded 
in JB-4 plastic, sectioned at 5 ыт (in some cases (not shown) 
counterstained with toluidine blue) and viewed using Nomarski 
optics. Scale bar, 50 um. 


channels in the developing vertebrate central nervous system’? - 
and retina’’. 

To test this hypothesis, the formation of channels between 
the wing epithelia was prevented by cutting the wing disk into: 
dorsal and ventral fragments, after eversion but before the 
apposition of the two surfaces (2 h after pupariation); channels 
in such fragments could no longer be closed because the opposite 
epithelium was lacking. Axon outgrowth was assessed by rearing 
the fragments in culture for a further 8 or 22 h and then staining 
their neurones with antiserum generated against horseradish 
peroxidase", No closed channels were observed in epithelial 
fragments cultured fcr 8h; axons grew along the innermost 
surface of the epithelium and did not seem to be following any 
histologically detectable morphological irregularities, such as 
grooves or folds (Fig. 2). This technique therefore allowed us 
to analyse the pathfinding abilities of axons growing in a 
channel-free environment. 

As demonstrated previously ^'^, whole wing disks reared in 
vitro show largely normal patterns of axonal outgrowth (Fig. 
1). Neurones in dorsal and ventral wing fragments differed 
somewhat in their ability to reproduce this normal pattern". 
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Fig. 3 Cultured wing fragments stained with anti- HRP. a, Dorsal 
wing fragment raised in vitro for 22 h. The nerve bundles of the 
first and third veins have formed normally and join at approxi- 
mately their normal site just distal to the GSR neurone (compare 
with Fig. 1), although in this case they failed to grow to the GSR 
neurone (asterisk marks gap; see text). b, Ventral wing fragment, 
raised in vitro for 22h. The L3-v neurone has formed a short 
bipolar projection along the proximo-distal axis of the wing; the 
proximal process is longer than the distal. c, Dorso-distal fragment, 
raised in vitro for 8 h. Although the fragment lacked both the GSR 
neurone and closed channels, the remaining ACV, L3-2 and 
TSM(1) neurones grew along the correct paths and directions 
(compare with Fig. 1). Fragments were fixed and stained as 
described previously". Distal is to the right. Scale bars, 50 ат. 


"The earliest-developing neurones of the distal wing blade (ACV, 
-TSM(1) апа L3-2; see Fig. 1 legend) are all found on the dorsal 
"surface. In dorsal fragments examined after 8 h in culture, the 

-axons of these early neurones had grown in the correct direction 
along the normal paths (Table 1), either proximally (ACV and 
L3-2) or proximoposteriorly (TSM(1)). In fragments raised for 
22 h, these neurones, together with the later-arising L3-1, L3-3 
гапа Br neurones, formed largely normal nerve bundles (49 of 
50 cases; Fig. 3a). The only commonly observed abnormality 
"was that the ACV and TSM(1) axons failed to reach the GSR 
neurone (33 of 49 cases), even though they contacted each other 
at the usual, slightly more distal, point. This is also common in 
whole wings raised in vitro!" (under current conditions, 19 of 
33 cases) and probably results from damage to the wings or 
suboptimal culture conditions. In any case, initial outgrowth 
and most other elements of nerve formation were normal in 
dorsal fragments despite the lack of channels. 

In contrast, axonal outgrowth of the only ventral neurone of 
the distal wing blade was both delayed and variable in the 
absence of the dorsal surface. In whole wings, this neurone, the 
L3-v, initiates axonogenesis only after the early dorsal axons 
have grown past it (—5h after pupariation); its process then 
joins with and apparently follows the early axons. Although this 
fasciculation obscures the details of further L3-v outgrowth, dye 
fills in adults demonstrate that the L3-v forms a single, 
proximally directed axon'*. In ventral fragments reared for 8 h, 
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Fig. 4 Direction of outgrowth of the axon of the L3-v neurone 
in ventral fragments, generated at 2 h after pupariation and cultured 
for an additional 22h. Significant outgrowth was taken as out- 
growth longer than one neuronal cell diameter. Some branching 
of axons was observed, but in all cases outgrowth was oriented 
roughly along the proximo-distal axis of the wing. In five cases a 
region of dorsal epithelium lay along the anterior of the ventral 
fragment near the L3-v; in these wings (not included) the L3-v 
axon grew anteriorly into this region and sometimes seemed to 
contact the short nerve formed by the TSM neurones. Obviously 
infected cultures were not included in the data pool. 


the L3-v formed no or only very short processes («1 cell 
diameter, 20 of 20 cases). By 22h it usually formed a short 
bipolar projection (Figs 35,4); in a few cases, exclusively 
proximal or distal outgrowth was seen. Because the normal 
growth pattern of this neurone is not known in detail, it is not 
certain that these results represent abnormal axonogenesis. 
However, the variable and generally stunted outgrowth seen in 
ventral fragments suggest that L3-v axonogenesis was to some 
extent disrupted by the removal of the dorsal epithelium. 
Nevertheless, important features of L3-v axonogenesis were 
retained in ventral fragments: outgrowth was still oriented 
approximately along the proximo-distal axis of the wing, and 
was usually, though not always, longer in the proximal than in 
the distal direction (Fig. 4). Thus, correctly directed axon out- 
growth can occur even in a fragment in which the neuronal 
population is reduced to the greatest possible extent, namely a 
single cell differentiating in an expanse of epithelium. 

Thus, it is apparent that both dorsal and ventral fragments 
must contain some types of guidance cues other than channels. 
For example, the filopodia of a neurone might seek out a more 
proximal 'guidepost' or ‘landmark’ neurone, which would act 
as a target for axon growth! '?. Guidepost neurones have been 
shown to have no necessary role in normal Drosophila wings '^?^ 
but might effectively guide neurones in dorsal fragments lacking 
channels. This possibility was tested by generating fragments, 
at or before the time of initial axon outgrowth (1.5-2h after 
pupariation), from which both proximal tissue (containing a 
putative guidepost neurone) and the ventral epithelium had 
been removed. When such dorso-distal fragments were cultured 
for 8h, the ACV and TSM(1) neurones still navigated along 
their normal paths and in their normal directions, even though 
they lacked both channels and the proximal putative guidepost 
neurone (GSR) towards which they normally grow (Fig. 3c, 
Table 1). Thus, the GSR neurone does not act as a necessary 
guidepost for these dorsal neurones, even in the simultaneous 
absence of obvious physical cues. 





Table 1 Fraction of neurones showing normal axonal outgrowth in 
dorsal and dorso-distal wing fragments 





Fragment ACV L3-2 TSM(1) 
Dorsal 17/17 13/14 14/14 
Dorso-distal 11/11 8/8 8/8 





Fragments were cut at 2h after puperietion and cultured for an 
additional 8h. Not all neurones could be uoserved in each fragment. 
Dorso-distal fragments all lacked the GSR neurone. The single instance 
of abnormal L3-2 outgrowth consisted of a lengthening of its normally 
short distal process; this abnormality has also been observed in whole 
wings raised in vitro, Obviously infected cultures were not included in 
the data pool. 








Although there is strong evidence that guidepost neurones 
can direct growing axons in specific instances in developing 
insects 57^, even in these cases initial axon outgrowth seems 
to be directed, as here, by some other cue(s)'®?!. A one- 
dimensional gradient of neural adhesivity may provide one such 
cue?"*, However, some features of the axonal pattern in fly 
wings, such as the angled outgrowth of the TSM(1) axon, are 
not easily explained bya single gradient, and might require the 
reading of information in two dimensions. An alternative 
mechanism that. would require less from the neurone would be 
i cues localized selectively along the normal 
nerve pathways of the: wing’. Finally, polarity information 
intrinsic to each neurone’ might also guide outgrowth, par- 
ticularly during its initial stages; extrinsic cues might then be 
needed only to induce large changes in the trajectory of the 
growing axon. As the surface along which the neurones of the 
_ fly wing navigate сап now be exposed without disrupting out- 
growth significantly, it may be possible to manipulate this sur- 
‘face directly, to study a variety of putative guidance mechanisms. 
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The formation of the very orderly neuronal projection from the 
retina to the optic tectum is not yet understood, but several 
mechanisms are thought to be involved in a coordinated fashion. 
These mechanisms may include mechanical or chemical guidance 
in channels, guidance by spatial gradients of positional markers, 
gradients of temporal (maturation) markers or specific inter-axon 
interactions (see ref. 1 for review). The last-mentioned mechanism 
could explain the fibre order found in optic nerve and tract. It 
requires that some or all growing retinal axons can distinguish 
between retinal axons of various origins and grow preferentially 
along retinal axons originating from the same area as themselves. 
The ín vitro experiments described here show that growth cones 
from the temporal half of the chick retina grow preferentially 
along temporal axons, whereas growth cones from nasal retina do 
not distinguish between nasal and temporal axons. 
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Fig. 1 Schematic description of the experiment. a, Phase-contrast 
diagram of axon growth, with first explantations at 0 h; b, explanta- 
tion of fluorescent explants at 24h; c, addition of a-laminin at 
40 h. Axons visualized at 16, 40 and 70 h. T, temporal; N, nasal. 
Methods. Nasal and temporal explants (0.2 x2 mm) of chick retina 
were prepared as described previously*. They were placed at time 
0 onto laminin-coated round coverslips and incubated in culture 
medium at 37°C. Laminin was applied to the coverslips by first 
treating them with 3-(triethoxysilyl)propylamine and then incubat- 
ing them in laminin (40 ре m^!) for 3h at 37°C. The laminin 
serves as substrate for growing axons which are visible in phase 
contrast (a). To restrict axonal growth to the indicated Y-shaped 
field, border lines were drawn with a hypodermic needle on the 
laminin surface. Axons from nasal and temporal explants joined 
at the stem of the Y after —20 h. At ~24h, a fluorescent explant 
(either temporal or nasal) was placed at the foot of the Y which 
was reached by the axons a few hours later. At 40 h the Y-shaped 
field was crowded with axons as seen in phase contrast and a few 
fluorescent axons growing up the stem of the Y could be seen in 
fluorescence (5). At about that time, anti-laminin (provided by Dr 
К. Timpl) was added to the culture. After ~l h, all fibres were 
detached from the laminin-coated coverslip and the axons 
spanned Y-shaped bundles joining the explants. Now the further 
growth of fluorescent axons (which can be inhibited by antibodies 
against the cell adhesion molecule N-CAM; ref. 7) could only 
occur along pre-existing axons. As seen in c, temporal fluorescent 
axons strongly prefer to grow along temporal axons, whereas nasal 
axons grow along both nasal and temporal axons. 


Two 6-day-old chick embryo retinal explants were placed on 
a laminin-coated coverslip as described in Fig. 1 legend. One 
explant was taken from the temporal side of the area next to 
the optic fissure, whereas the other was taken from the nasal 
side. The axons were forced to grow within predetermined tracks 
scratched into the laminin so that the axons of both explants 
met and joined to form a ‘Y’-like configuration. (The growth 
rate of nasal and temporal axons was about the same.) About 
24 h later, a third rhodamine-stained fluorescent explant of either 
nasal or temporal origin was placed near the growth cones at 
the base of the Y. After a further 16 h, when most of the nasal 
and temporal axons had reached the labelled explant and some 
of the fluorescent axons were already leaving it, all axons were 
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Fig. 2 a, Nasal fluorescent axons growing along both the nasal 
and the temporal axon bundles. The fraction of fluorescent fibres 
on either bundle is roughly proportional to the thickness of these 
bundles, b, Temporal fluorescent axons growing exclusively along 
the temporal axon bundle. The nasal axon bundle has been made 
barely visible by weak dark-field illumination. T, temporal; N, 

nasal. 
























































detached from the laminin substrate by the addition of anti- 
daminin. 

Because axons are very elastic, they form a structure similar 
to-a tightrope once they lose their contact with the substrate. 
* The only substrate remaining to support further growth of the 
| fluorescent axons was the bundle of axons coming from the two 
unstained explants; axons had the choice of growing along nasal 
гог temporal fibres within this bundle. Therefore, the preference 
of the labelled axons became apparent where the bundle bifur- 
cated, 
As shown in Figs ! and 2, all temporal fibres grow towards 
the temporal explant, that is, they grow preferentially along 
"temporal axons. The results аге the same whether the temporal 
-explants stem from more central or more peripheral positions 
. inthe retina, On the other hand, nasal fibres show no preference 
гапа grow towards either explant. The fraction of nasal fibres 
growing towards either of the explants is approximately propor- 
tional to the relative thickness of the fibre bundle coming from 
the explant. In Fig. 2a, for example, the number of axons growing 
‘towards the temporal explant is relatively high because the 
bundle of temporal fibres was relatively strong. 

Of 61 experiments of this type, 53 could be evaluated; in the 
other 8 cases too few (or no) fibres passed the bifurcation point. 
` The stained explants of the successful experiments were of nasal 
origin in 34 cases and of temporal origin in 19. Temporal axons 
grew exclusively towards the temporal explant, whereas nasal 
"axons always grew towards both explants. The fraction of 
fluorescent axons growing along either unstained bundle was 
roughly proportional to the relative thickness of these bundles. 

According to our results, axons of temporal origin exhibit 
position-specific properties of self recognition; temporal growth 
cones recognize temporal axons. From previous observations it 
is known that temporal axons show a strong tendency to fascicu- 
late with each other (in contrast to nasal axons^?)), in good 
agreement with the observations reported here. Until now, 
however, it has not been clear whether this difference in 
behaviour results from different properties of the nasal and 
temporal growth cones, or their axons, or both. Our experiments 
indicate that both axons and growth cones of temporal retinal 
ganglion cells are different from nasal axons and growth cones. 

We have also performed analogous experiments concerning 
^. the dorso-ventral axis. Explants were taken from dorsal and 

ventral positions relatively far apart (half the meridian) from 
"both temporal and nasal retina. These experiments have not 
revealed any position-specific effects. Anatomical investigations 








have shown that chick retinal axons are already sorted out in 
the dorso-ventral dimension when they arrive at-the tectum, 
whereas no sorting of nasal and temporal fibres has been de- 
tected’. Therefore, differences between dorsal and ventral axons 
in our in vitro assay might have been expected rather than 
differences between nasal and temporal axons, but the opposite 
is in fact the case. Our finding that temporal axons have a strong 
preference for growing along other temporal axons in vitro, 
however, is in excellent agreement with in vivo observations in 
the frog?. In contrast to the nasal fibres, the temporal axons of 
frog fasciculate with each other in the optic tract and form a 
dense bundle. Whether and how these position-specific proper- 
ties of axons and growth cones are used during the formation 
of the chick retino-tectal projection is not known. 

We thank Drs Alfred Gierer and Jonathan Raper for stimulat- 
ing discussions and helpful comments on the manuscript. 


Received 5 December 1984; accepted 20 March 1985. 


1. Purves, D. in Repair and Regeneration of the Nervous System (ed, Nicholls, J. G.) 107-125 
(Springer, Berlin, 1982). 

. Halfter, W., Claviez, M. & Schwarz, U. Nature 292, 67-70 (1981). 

. Bonhoeffer, F. & Huf, J. EMBO J. 1, 427-431 (1982). 

. Thanos, S. & Bonhoeffer, F. J. comp. Neurol 219, 420-430 (1983). 

. Fawcett, J., Taylor, J., Gaze, M., Grant, Ph. & Hirst, E. M. J. Embryol. exp. Morph. (in the 
press). 

6. Bonhoeffer, F. & Huf, J. Nature 288, 162-164 (1980). 

7. Edelman, G. M. Science 219, 450 (1983). 


LA dA мә 





Synapsin I is a spectrin-binding 
protein immunologically 
related to erythrocyte protein 4.1 


Anthony J. Baines & Vann Bennett 


Department of Cell Biology and Anatomy, Johns Hopkins University 
School of Medicine, Baltimore, Maryland 21205, USA 





The membrane-associated cytoskeleton is considered to be the 
apparatus by which cells regulate the properties of their plasma 
membranes, although recent evidence has indicated additional roles 
for the proteins of this structure, including an involvement in 
intracellular transport and exocytosis (see refs 1—3 for review). 
Of the membrane skeletal proteins, to date only spectrin (fodrin) 
and ankyrin have been purified and characterized from non-eryth- 
roid sources. Protein 4.1 in the red cell is a spectrin-binding 
protein^* that enhances the binding of spectrin to actin**" and 
can apparently bind to at least one transmembrane protein?" '? 
Immunoreactive forms of 4.1 have been detected in several cell 
types, including brain!'^'*, Here we report the purification of brain 
4.1 on the basis of its cross-reactivity with erythrocyte 4.1 and 
spectrin-binding activity. We further show that brain 4.1 is iden- 
tical to the synaptic vesicle protein, synapsin I, one of the brain's 
major substrates for cyclic AMP and Ca**—calmodulin-dependent 
kinases'*'*, Spectrin and synapsin are present in brain homoge- 
nates in an —1:1 molar ratio. Although synapsin I has been 
implicated in synaptic transmission, no activity has been previously 
ascribed to it. 

Antibodies raised against pig erythrocyte 4.1 recognize only 
protein 4.1 in pig erythrocyte ghosts (Fig. 1). Cross-reactive 
polypeptides in brain (rat, pig or calf) have an apparent relative 
molecular mass ( M,) of 75,000 and 73,000 (judged by SDS-gel 
electrophoresis with a discontinuous buffer system"). 

The cross-reactive polypeptides were extracted from myelin- 
depleted brain membranes under conditions similar to those 
used for the extraction of erythrocyte protein 4.1. Thus, they 
were virtually inextractable in solutions of low ionic strength 
but were liberated readily from the membranes by treatment 
with solutions of higher ionic strength (for example 
>02 М KCl). The extracted protein failed to bind DEAE- 
cellulose (іп 10mM Na-phosphate at pHs as high as 8.2) or 
hydroxylapatite in the presence of 1 M KCl. However, it was 



























retained by carboxymethyl-cellulose and by hydroxylapatite at 
low ionic strength and pH 6.8. These properties are those of a 
very basic protein’ and allowed the scheme for purification 
shown in Fig. 2. The purified brain 4.1 displayed anomalous 
migration between different SDS gel systems. Using a continuous 
gel buffer? we obtained subunits of M, 88,000 and 85,000: in. 
this system, brain 4.1 migrates more slowly than erythrocyte 4.1, 
as has been observed previously". 

The spectrin-binding activity of brain 4.1 was shown using 
‘blot binding’ techniques in which fractions were taken from. 
various stages of purification of brain 4.1 and were. elec- 
trophoretically separated, transferred to nitrocellulose and incu 
bated with "^I-labelled erythrocyte spectrin (Fig. 2). Asa control - 
for nonspecific binding, additional unlabelled spectrin was. 
included in some of the incubations to displace specific binding 
Brain 4.1 at later stages of the purification specifically binds - 
'5T-spectrin on the nitrocellulose (Fig. 2a,b), but this method 
was not sensitive enough to detect brain 4.1 in early stages of 
the purification. Other basic proteins (notably myelin basic 
protein) do not bind '*I-spectrin. | si 

Conversely, 'I-brain 4.1 was incubated with blots on which | 
erythrocyte and brain spectrins were immobilized (Fig. 3). As 
controls for nonspecific binding, we used heat-denatured !2°1- 
Fig. 1 Identification of a brain protein immunologically related brain 4.1. As additional internal controls for binding of a basic 
to erythrocyte 4.1. Antibodies were raised in rabbits against SDS- protein (brain 4.1) to an acidic protein (spectrin), actin, 
denatured protein 4.1 that had been purified by standard pro- tropomyosin and total erythrocyte ghost proteins were included 
cedures*? and were affinity-purified on 4.1 immobilized on nitrocel- in the blots. Again, we find specific binding of the '°I-brain 4.1 
lulose strips after SDS-gel electrophoresis and blotting™. In a, b to spectrin. One characteristic of erythrocyte 4.1 is that it binds. 


and c, proteins were electrophoresed on 9% SDS-polyacrylamide : aT ` 
gels" and stained with Coomassie blue (a) or transferred to to both æ- and -subunits of erythrocyte spectrin’. Blots in 



























nitrocellulose paper? (b, c) for reaction with anti-red blood cell which. """Lbrain 4.1 Was incubated with isolated a- and f- 
(RBC) 4.1 antibodies and !251-ргогеїп A (b) or non-immune IgG subunits of brain spectrin showed specific binding to both. 
(c). Lanes 1, M, standards: filamin (250,000), vinculin (130,000), Preliminary results indicate that brain 4.1 and erythrocyte 4.1 
a-actinin (100,000), catalase (60,000), actin (43,000), cabonic compete for the same site on brain spectrin, as brain 4.1 displaces 
anhydrase (29,000); lanes 2, pig RBC ghosts; 3, pig RBC 4.1; 4, binding of 'I.brain spectrin to erythrocyte 4.1 on blots (not 

pig brain post-nuclear supernatant. shown). The interaction between brain 4.1 and brain spectrin is 


also demonstrable by affinity chromatography (not shown). 


Fig.2 Purification of brain 4.1. immunoblot 125 -spectrin blot binding 
Fractions from the purification pro- a b C e 
12345678 


cedure were analysed on 5-15% 123456789 12345678 12345678 12345678 
polyacrylamide gels, which were | E D DR UNO 
stained with Coomassie blue (a) or 
transferred to nitrocellulose” (b-e). 
Nitrocellulose replicas were reacted 
with: b, anti-RBC 4.1; or c, non- 
immune IgG followed by "51-protein 
A. In d and e they were incubated 
with "^L RBC spectrin (20 nM, 2x 
10° c.p.m. ml^' as described in ref. 
27) in the absence (d) or presence 
(e) of a 20 fold excess of unlabelled 
spectrin. Lanes 1, myelin-depleted 
pig brain membranes; 2, 0.25 M KCI 
extract; 3, first hydroxylapatite (HA) 
column eluate; 4, DEAE supernatant; 5, carboxymethyl-cellulose (CMC) flow-through; 6, 30 mM. NaCl eluate: 7, 60 mM NaCl eluate from 
CMC; 8, second HA column, MgCl, eluate; 9, M, standards (human erythrocyte ghosts). In b, ‘ane 8 contains half the amount of protein 
loaded іп the corresponding lanes in a and c-e. 

Methods. Myelin-depleted membranes? from pig brain (350-450 g) were washed twice with 40 mM KCl, 2mM EGTA in buffer A (10 mM 
Na-phosphate, 1 mM dithiothreitol (DTT), 1 mM NaN,, 1 ug ml! leupeptin, 1 ug ті! pepstatin A, 1 ug m^! chymostatin, 200 ug ті"! 
phenylmethylsylphonyl fluoride (PMSF), 1 mM diisopropyl fluorophosphate (DFP) pH 7.4) and were brought to 1:1 with buffer A containing 
0.25 M KCI and 2mM EGTA. Incubation at 37°C for 30 min released most of the cross-reactive peptides, which were recovered in the 
supernatant after centrifugation at 30,000g for 30 min. The protein extract was concentrated 10-fold by precipitation with ammonium sulphate 
at 65% saturation and resuspended in, and dialysed against, 1 M KCl, 1 mM EDTA, 0.1% Tween 20 in buffer A lacking DFP. After centrifugation 
at 180,000g for 90 min, the supernatant was made 5 mM in MgCl, and applied to a 20-ml column of hydroxylapatite (fast flow, Calbiochem) 
equilibrated with 1 M KCI, 10 mM Na-phosphate, 5 mM MgCl, pH 7.4. The void volume, containing the cross-reactive peptides, was dialysed 
extensively against 1 mM EDTA in buffer A lacking DFP, followed by batchwise absorption with 10 ml DEAE-cellulose (Whatman DES3, 
equilibrated with buffer A, lacking DFP): cross-reactive peptides were recovered in the supernatant after centrifugation at 1,000g for 2 min. 
The supernatant was applied to а 10-ml column of carboxymethyl-cellulose (Whatman (M32), equilibrated with buffer B (10 mM Na-phosphate, 
I mM-EDTA, 0.1% Tween 20, 0.5 mM DTT, 1 mM NaN,, pH 7.4), then the column was washed with buffer B and eluted stepwise with 30 mM 
NaCl in buffer B and 60 mM NaCl, 5 ug ті! leupeptin in buffer B. Peak fractions from the second step were dialysed against buffer C (1 mM 
Na-PIPES, 0.1 mM DTT, 0.05% Tween 20, 1 mM NaN;, 1 ug mI! leupeptin pH 6.8) and applied to a 2-ml column of hydroxylapatite 
(high-resolution (Calbiochem), equilibrated with buffer C). Cross-reactive spectrin-binding peptides were eluted with 5 mM MgCl, in buffer 
C. Yields of 2-5 mg were typically obtained. The protein was typically 90-95% pure when prepared from pig brain, but a contaminant of M, 
48,000 was present as 10-15% of the total protein when this method was applied to calf brain. This yield represents 7296 of the total brain 
41 іп а homogenate, major losses occurring because of incomplete extraction from membranes, proteolysis and adsorption to surfaces. 











a b с 
12345 67 12345 67 12345 67 








43e 


Fig. 3 '""Lbrain 4.1 specifically binds to erythrocyte and brain 
spectrin, a- and B-subunits. After SDS-gel electrophoresis on 
5-15% gels, proteins were either stained with Coomassie blue (a) 
or electrophoretically transferred to nitrocellulose (b, c). Lanes 1, 
pig brain spectrin: 2, pig brain 4.1; 3, rabbit skeletal muscle actin; 
4, rabbit skeletal muscle tropomyosin; 5, human erythrocyte ghosts; 
6, brain spectrin a-subunit; 7, brain spectrin B-subunit. Actin, 
tropomyosin. and ghost proteins were included as additional con- 
trols for nonspecific interaction between acidic proteins and a basic 
protein (brain 4.1). Brain spectrin and its subunits were prepared 
as described previously’. Nitrocellulose replicas were incubated 
with "5I-brain 4.2 (10 nM, 2 x 10% c.p.m. mI!) in blot buffer (4% 
(w/v) bovine serum albumin (Pentex), 0.15 M NaCl, 10 mM Na- 
phosphate, 1 mM EDTA, 0.2% Triton X-100, 1 mM NaN3, pH 7.1) 
for 18h at 4°C. In c, the "5Lbrain 4.1 had been denatured by 
heating to 60 °C for 20 min before incubation with the nitrocellulose 
paper. Unbound '**1-brain 4.1 was removed by washing the replicas 
five times with blot buffer lacking albumin. 






































Brain and erythrocyte 4.1 are the products of different genes, 
with distinct two-dirhensional peptide maps (not shown). 
Similarly, mammalian brain spectrin?’”! and brain ankyrin” 
have fingerprints distinct from their erythrocyte counterparts. 
- However, the two components of brain 4.1 give rise to nearly 
‘identical fingerprints (not shown). Limited chymotryptic digests 
of brain 4.1 resolved on SDS gels show ~10 peptides which 
cross-react with erythrocyte 4.1, suggesting a substantial degree 
of antigenic homology (not shown). 

Like erythrocyte 4.1 (ref. 23), brain 4.1 is a substrate for 
cAMP-dependent kinase. When brain membranes were incu- 
г bated with [ »-"P]ATP and 10 pM cAMP, a pair of polypeptides 
с became labelled which are specifically immunoprecipitable with 
anti-brain 4.1 antibody. In the absence of cAMP, these polypep- 
tides do not become appreciably labelled (data not shown). 
We conclude that the protein we have purified is closely 
related to erythrocyte 4.1, because: (1) it has cross-reactivity 
with anti-4.1 IgG; (2) it consists of two basic, sequence-related 
polypeptides; (3) it binds spectrin; and (4) it is a subtrate for 
cAMP-dependent protein kinases. 

The properties of brain 4.1 are strikingly similar to those of 
synapsin I, a protein associated with synaptic vesicles?*. Synap- 
sin I was initially identified as a major substrate in brain for 
cAMP-dependent protein kinase and is a doublet of 
M,--80,000 on SDS gels”. 

The physical properties of brain 4.1 and synapsin I are similar: 
synapsin I is basic (pI 10.3) with two polypeptide components 
that give rise to similar peptide maps”. Both brain 4.1 and 
synapsin 12° are released from brain membranes in solutions of 
70.15 M KCL. Immunoprecipitated "P-brain 4.1 co-migrates on 
SDS gels with a pair of ?P-polypeptide that seem to be those 
defined by Johnson et al^ as synapsin I (not shown). 

Standard synapsin 1, prepared by extraction of brain mem- 
branes of pH 3, isoelectric precipitation of contaminants at pH 6, 
followed by hydroxylapatite and gel-filtration chromatography” 
(a gift of Dr H. C. Palfrey) has identical electrophoretic mobility 
on SDS gels to brain 4.1 (Fig. 4). Synapsin I and brain 4.1 were 
< immunologically. cross-reactive, as they both reacted on SDS 
el blots with anti-red cell 4.1 and anti-brain 4.1 IgG, but not 
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Fig. 4 Synapsin I cross-reacts with anti-RBC 4.1 and anti-brain 
4.1 antibodies and binds '**I-spectrin: Samples of bovine synapsin 
1 (lanes 1) and bovine brain 4.1 (lanes 2) were electrophoresed on 
polyacrylamide gels which were stained with Coomassie blue (a) 
or transferred to nitrocellulose paper (b-e). The nitrocellulose 
paper was reacted?’ with: b, anti-RBC 4.1 and IL protein A; с, 
anti-brain 4.1 and '**I-protein A; d, '?I-brain spectrin (20 nM, 
2 x 105 c. p.m. ml^!); and e, !^I-brain spectrin in the presence of a 
40-fold excess of unlabelled spectrin. 


with non-immune IgG. Furthermore, they both bind '**I-brain 
spectrin on gel blots, the binding being displaceable with 
unlabelled spectrin. 

Finally, two-dimensional '**I-iodo peptide maps of synapsin 
I and brain 4.1 are identical in all but two (minor) spots out of 
some 30 visible on the maps (Fig. 5), the variant spots differing 
only in their mobilities on the plates. The variations in the two 
spots need not imply variations in primary structure, but may 
reflect different post-translational modifications. Differing phos- 
phorylation states, or modification to the proteins that occurred 
during their preparation, might give rise to such variation. The 
proteins clearly have very closely related amino-acid sequences 
and we believe that they are one and the same. 

Synapsin I has previously only been studied as a substrate 
for protein kinases and its function was unknown. Here we 
report the first evidence that synapsin is a spectrin-binding 
protein which seems to be related to erythrocyte membrane 
skeletal protein 4.1. 

An estimate of the stoichiometry of spectrin and synapsin I 
can be made: in whole brain homogenates, spectrin dimer ( M, = 
500,000) comprises 2.4% of the total protein?” and synapsin I 
(М, = 75,000) 0.4% (ref. 28). These values correspond to 
48 pmol spectrin and 53 pmol synapsin per mg total protein, 
that is, close to a ratio of 1:1. This stoichiometry is similar to 
that of the corresponding proteins in the erythrocyte”. 

The subcellular organization of spectrin in neurones has not 
yet been determined precisely. However, both spectrin and 
synapsin I are enriched in synapses***° and are prominent 
components of isolated synaptosomes'??^'. Spectrin is also a 
prominent component of the postsynaptic density”. Initial work 
suggested that synapsin I was a component of the postsynaptic 
density”, but DeCamilli et al* concluded it was not, although 
they could not eliminate the possibility that their antibody was 
excluded from the postsynaptic density. Bearing in mind that 
synapsin is present stoichiometrically with spectrin, this point 
is open to re-examination. Furthermore, recent work'^"* sug- 
gests that although proteins immunoreactive with erythrocyte 
spectrin and. 4.1 (presumably brain spectrin and synapsin) co- 
localize in neurones, they occur predominantly in the neuronal 
perikarya. 

A spectrin-synapsin linkage may play a part in neurotrans- 
mission. Spectrin may afford a linkage (via synapsin) between. 


















Fig.5 Brain 4.1 and synapsin I have very 

similar peptide maps. a, Brain 4.1; b, synapsin; 

€ a mixture of brain 4.1 and synapsin. Peptide 

maps of bovine brain 4.1 and bovine synapsin 

I were prepared by the method described in 
ref. 27. 


— ——* Chromatography 
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synaptic vesicles and the plasma membrane. However, spectrin 
has also been identified as an axonally transported protein, 
sometimes associated with membrane-bounded organelles”. 


Thus, an additional or alternative role for spectrin and synapsin 


might encompass linkage (or regulation of linkage) of synaptic 


< vesicles to cytoskeletal elements. Such cytoskeletal elements 


need not be only actin. Although erythrocyte 4.1 seems to 
enhance the binding of brain spectrin to actin”, our preliminary 
results have not so far revealed such a role for synapsin. 
However, synapsin may bind microtubules (unpublished data), 
which are also present in synaptosomes?!. 

Erythrocyte 4.1 is able to bind at least one transmembrane 
protein. Binding of synapsin to a transmembrane protein of the 
synaptic vesicle may be of importance in regulation of neuro- 
(transmitter secretion, as synapsin is released from its membrane 

binding site on phosphorylation of synapsin by cAMP- or 
Ca^'/calmodulin-dependent protein kinases”, which phos- 
phorylate synapsin in response to hormonal or electrical stimula- 
tion of nerves”. 
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The neurohumoral regulation of growth hormone secretion is 
mediated іп part by two hypothalamic peptides that reach the - 
anterior pituitary via the hypothalamo-hypophysial portal blood 
system’. Somatostatin inhibits the release of growth hormone’, 
whereas growth hormone-releasing factor (GRF) positively regu- 
lates both growth hormone synthesis"* and secretion*?. Two forms 
of human GRF, 40 and 44 amino acids long, have been character- 
ized from extra-hypothalamic tumours’® as well as from the: 
hypothalamus’. Analysis of human GRF complementary DNA!!! 
and genomic’? clones indicates that the СКЕ peptides are first 
synthesized as a 107- or 108-amino-acid precursor protein. To 
examine the physiological consequences of GRF expression, we 
have established strains of transgenic mice containing a fusion 
gene including the promoter/regulatory region of the mouse metal- 
lothionein-I (MT-I) gene’? and the coding region of the human 
СВЕ gene", We report that expression of the human GRF precur- 
sor protein in these animals results in measurable levels of human 
GRF and increased levels of mouse growth hormone in plasma 
and accelerated growth rates relative to control littermates. These 
results demonstrate a direct role for GRF in the positive regulation 
of somatic growth. Unexpectedly, female transgenic mice carrying 
the MT-GRF fusion gene are fertile, in contrast to female trans- 
genic mice expressing human or rat growth hormone, which are 
generally infertile. These transgenic mouse strains should provide 
useful animal models for the study of several types of human 
growth disorders. 

It was shown previously that the hormonal cascade controlling 
somatic growth could be manipulated by the germline introduc- 
tion of foreign genes. Expression of either rat'* or human? 
growth hormone (GH) in transgenic mice results in increased 
growth rates, giving rise to large animals. Because GRF is 
believed to be an important physiological regulator of growth 
hormone in animals, we sought to analyse further its role in 
growth control by creating strains of animals that express 
supraphysiological levels of GRF. Neither rat nor human growth 
hormone genes are themselves expressed in transgenic 
animals'^*: this deficiency has been overcome by fusing these 
structural genes to an expressed heterologous gene promoter. 
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Fig. 1 Structure of the mouse metallothionein-I/human growth 
hormone-releasing factor fusion gene. The upper portion of the 
figure is a restriction map for common 6-bp cutters. BglIl/ Smal 
indicates the site of the fusion between the mouse MT-I promoter 
and the human GRF minigene. The lower portion of the figure is 
a schematic representation of (ће 2.5-kb EcoRI- Hindlll fragment 
of DNA used for microinjection. Open boxes represent 5' and 3' 
untranslated exon regions, and shaded boxes represent the coding 
exon regions. The derivations of various parts of the fusion gene 
are indicated. The fusion occurs in the 5' untranslated regions of 
both genes. The large exon labelled 3-5 was constructed by 
replacing part of the human GRF gene with a human GRF cDNA, 
effectively eliminating intron C (2.4 kb) and intron D (3.0 kb) of 
the human GRF gene". Consensus sequences involved in tran- 
scription initiation, translation initiation and termination, poly- 
adenylation, and proteolytic processing of the GRF peptide from 
its precursor are shown. 


“The mouse metallothionein-I gene promoter offers several 
advantages for this type of approach; it is expressed at fairly 
high levels in most mouse tissues'*, it can be regulated by heavy 
metals", апа both expression and regulation are retained in 
gene transfer experiments'??', Because of the possibility that 
the human GRF gene, like the human growth hormone gene, 
might not be expressed in transgenic animals, we initially chose 
to use the heterologous mouse MT-I promoter to express human 
GRF. 
The structure of the mouse MT-I/human GRF fusion gene 
‘construct used (referred to as MT-GRF) is shown in Fig. 1. A 
710-base pair (bp) fragment of the mouse MT-I gene, including 
sequences responsible for metal-inducibility and transcription 
initiation, was fused to a human GRF minigene which includes 
the entire coding region of the GRF precursor protein. The 
human GRF minigene was created by combining cDNA and 
genomic clones such that the 10-kilobase (kb) human GRF gene, 
which normally includes five exons’, has been reduced to <1 kb 
and retains a single intron of 230 bp (see Fig. 1). Analysis of 
human GRF cDNA clones suggests that the GRF precursor 
protein can consist of either 107 or 108 amino acids, differing 
in the presence or absence of serine 103 (ref. 11). DNA sequence 
analysis of the human СВЕ gene" indicates that this difference 
may be explained by alternative RNA processing. The cDNA 
used to construct the MT-GRF fusion gene should encode only 
the 108-amino-acid form of the GRF precursor protein'?. To 
determine whether the MT-GRF fusion gene could be expressed 
and regulated correctly, it was introduced into cultured mouse 
fibroblast cells using CaPO,-mediated DNA transfection” and 
co-selection for neomycin resistance conferred by the vector 
pSV2-neo?. Several stable cell lines that were generated in this 
manner express a MT-GRF fusion mRNA of the expected size 
- whose abundance is increased by metal treatment, and accumu- 











Table 1 Expression of the MT-GRF fusion gene in transgenic mice 





Liver 

No. of GRF 

gene mRNA Plasma Plasma 

copies (relative hGRF mGH Growth 
Mouse  percell amount) (пет!) (парт!) (ratio) 
3760-5 «1 3 24 1,051 1.35 
3762-3 2 0 <10 21 0.93 
9762-5 4 63 26 141 1.33 
9765-2 2 102 207 415 1.24 
3800-1 1 0 <10 149 1.12 
2800-8 1 3 14 402 1.05 
8801-3 3 0 <10 38 0.97 
9801-5 8 38 99 809 1.35 
3801-9 1 4 20 541 1.42 
9802-3 9 1 45 913 1.51 
2803-4 10 118 263 1,095 1.41 
9803-5 1 5 24 166 1.45 
3803-6 10 16 50 302 1.24 
9803-7 20 * t * 1.36 





A 2.5-kb EcoRI- Hindlll fragment containing the MT-GRF fusion 
gene was microinjected into the male pronucleus of fertilized F, hybrid 
mouse eggs and the eggs implanted into the oviducts of pseudopregnant 
recipients". At weaning, DNA was isolated from a piece of tail and 
analysed for the fusion gene by dot-blotting using a human GRF cDNA 
as probe!?. Positive animals were re-analysed by Southern DNA blotting 
and copy number determined by comparison with a standard curve 
generated from known amounts of MT-GRF plasmid DNA. Positive 
animals were maintained on water containing 25 mM ZnSO,. RNA was 
isolated following partial hepatectomy and analysed by Northern 
blotting using a human GRF cDNA probe. Autoradiograms were 
densitometrically scanned to determine relative RNA amounts. Plasma 
GRF and GH were determined by radioimmunoassay of serum samples 
from animals at 9 weeks old. The GH radioimmunoassay was able to 
detect 16 ng ті"! serum GH (two control animals had 16 and 46 ng ті"! 
GH) and the GRF radioimmunoassay was able to detect 10 ng mI! 
serum GRF (two control animals had «10 ng ml~' GRF). The growth 
ratio was determined at 9 weeks of age and represents a comparison 
with age- and sex-matched littermates. 

* 9803-7 died prematurely. Although we were able to measure liver 
GRF mRNA, the amount could not be quantitated because of RNA 
degradation in the postmortem liver. Plasma GRF and GH levels could 
not be determined accurately for the same reason. 


late radioassayable human GRF (hGRF) in the culture medium 
(K.E.M., unpublished results). 

The MT-GRF fusion gene (—1,600 molecules) was micro- 
injected into the male pronucleus of 350 Е, hybrid eggs (obtained 
by mating C57BL/6 XSJL hybrid adults) and the eggs were 
transferred into the oviducts of pseudopregnant recipients as 
described elsewhere’. Fifty-nine animals developed from the 
microinjected eggs; at the time of weaning, DNA was isolated 
from a piece of tail taken from these animals. The presence of 
the foreign MT-GRF gene was detected by hybridization to a 
human GRF cDNA clone’? using conditions in which cross- 
hybridization with the mouse GRF gene is negligible. Fourteen 
animals carried the MT-GRF fusion gene; these animals were 
maintained on water with 25 mM ZnSO, to enhance expression 
of the fusion gene". Table 1 summarizes the expression of the 
MT-GRF fusion gene in these 14 transgenic mice; 11 of the 14 
animals express the MT-GRF messenger RNA in the liver, a 
major site of metallothionein expression'?. The amount of the 
fusion mRNA in the livers of these mice varies by as much as 
100-fold, and does not seem to be strongly correlated with the 
number of copies of the fusion gene in each animal. Animals 
expressing the fusion gene have measurable levels of human 
GRF in their serum, and have increased levels of serum growth 
hormone (Table 1). Ten of the mice showed significant increases 
in growth at 9 weeks old, and were 25-50% larger than control 
littermates. At maturity, some of the MT-GRF animals were 
nearly twice the size of control animals. Examination of the 
data in Table 1 reveals that there is no strong correlation between 
СКЕ levels, GH levels and growth. 












1.38 : 1.62 


igree analysis of MT-GRF transgenic mice. Mice that 
MT-GRF fusion gene (determined by DNA blotting of 
) are indicated by the solid symbols. Squares represent 
es d circles represent females. The animal number is given 

c; above each symbol; the numbers below the solid symbols indicate 

“weight ratios at 9 weeks old compared with age- and sex-matched 

littermates. a, Pedigree of MT-GRF mouse 9762-5; b, that of 
MT-GRF mouse 9765-2. Mouse 9765-2-6 died but was previously 
scored as a non-carrier. 


To determine whether the MT-GRF fusion gene and the large 
size are heritable, two of the MT-GRF founder animals were 
bred with control animals; offspring from these matings were 
analysed for the presence of the MT-GRF fusion gene and for 
their rate of growth. Figure 2 shows two pedigrees demonstrating 

that both the fusion gene and the ‘large’ phenotype are inherited 
‚Бу ~50% of the total offspring. DNA analysis showed that all 
positive offspring carried the same number of copies of the 
fusion gene as the corresponding parent (data not shown). Four 
other females were also. mated and produced litters. Thus, all 
six of the females tested were fertile (two were killed before 
breeding). In addition, male MT-GRF mice 760-5 and 801-9 
(see Table 1) sired litters that included offspring carrying the 
fusion gene and displaying the large phenotype, indicating that 
both males and females carrying the MT-GRF fusion gene are 
fertile and transmit the gene. We now know that both the 
MT-GRF fusion gene and the large phenotype are inherited by 
~50% of the offspring examined in the F; generation of animals. 

To determine whether expression of the MT-GRF fusion gene 
in transgenic mice demonstrates a tissue specificity similar to 
that of the endogenous MT-I gene, we analysed both MT-I and 
MT-GRF RNAs in six tissues from either a control mouse or 
an MT-GRF mouse (female 765-2-3) (see Е, in Fig. 2b); the 


Fig.3 Expression of human GRF mRNA in 
MT-GREF transgenic mice. a, Results from a 
control mouse; b, results from MT-GRF 
transgenic mouse 9765-2-3. Each panel shows 
Northern blots of RNAs isolated from six 
different tissues. Duplicate blots from each 
animal were probed with either mouse MT-1 
(mMT-I) or hGRF probes as indicated. Size 
markers (in nucleotides) are denatured Hin- 
dHI-cut simian virus 40 DNA. 

Methods. Both animals were maintained on 
water with 76 mM ZnSO, for several weeks 
before killing. The indicated organs were 
removed and frozen at —70 °С until use. Total 
RNA was prepared by homogenization in 
guanidine isothiocyanate and centrifugation 
through caesium chloride as described’; 5 ug 
of each RNA was denatured and elec- 
trophoresed on formaldehyde/1.5% agarose 
gels" and the RNA transferred to nitro- 
cellulose filters as described^'. Filters were 
probed with either a mouse MT-I genomic 
clone, pSH', or a human СВЕ cDNA clone, 
phGRF-54 (ref. 10). Probes were labelled by 
nick-translation using [a-*?P]dCTP (NEN). 
Exposure time of the autoradiograms —16 h, 











results are presented in Fig. 3. The control animal expressed 
MT-I mRNA at high levels in liver, kidney, gut and pancrea: 
and at lower levels in brain and spleen. This agrees well with 
the known tissue distribution of MT-I mRNAP. The contro 
animal did not express detectable hGRF mRNA in any tissue, 
Although the hGRF probe might detect endogenous mouse GR 
mRNA in the brain, the low abundance of GRF mRNA even 
in the hypothalamus /«0.01?5) makes detection unlikely. The 
transgenic mouse 9765-2-3 showed a tissue distribution of MT. 
mRNA much like that of the control mouse with one exceptio 
the amount of liver MT-I mRNA was substantially reduced (Fig 
3). The reason for this is unclear, but it cannot be explained by 
RNA degradation and is a reproducible result in this animal 
In the transgenic mouse, the MT-GRF fusion mRNA 18 
expressed at high levels in the liver, gut апа pancreas, at low 
levels in kidney and spleen, and was not detected in the brain 
(Fig. 3). Although the expression of the fusion gene in this 
animal demonstrates a tissue specificity similar to that of the 
mouse MT-I gene, there are clear and reproducible differences, 
most noticeably the low level of expression of MT-GRF mRNA 
in the kidney. We have recently examined the pattern of MT- 
GRF gene expression in a second pedigree (2801-5-9) and have 
found that although the general pattern of tissue specificity 
parallels that of mouse MT-I, there are subtle differences par- 
ticular to this animal and distinct from the MT-GRF animal | 
9765-2-3 (data not shown). Similar results were obtained orn 
examination of the tissue specificity of metallothionein/growth 
hormone fusion genes'*..In this case, an extensive survey of. 
multiple animals showed that expression varied among different 3 
tissues and different animals, suggesting that factors such as the 
site of integration probably influence expression of the foreign: 
gene. 
Although many tissues apparently express the MT-GRF ` 
mRNA and presumably synthesize the СКЕ precursor protein, 
we do not know which tissues are capable of proteolytically 
processing this precursor to generate the mature GRF peptide. 
The antibody used to detect plasma GRF would detect both the 
precursor and the mature peptide'", It seems likely that such: 
processing must occur to some extent, as the free N-terminus ^ 
of the GRF peptide :s known to be required for biological 
activity^?, We are presently using chromatographic techniques 
to determine what percentage of the immunoassayable GRF in 
the plasma is mature peptide as opposed to precursor. 
Our results demonstrate that expression of supraphysiological © 
levels of GRF in mice leads to increased somatic growth. Con- 
versely, it has been shown that passive immunization of rats 
with antibodies against GRF can inhibit somatic growth”’. Taken | 
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together, these data suggest strongly that GRF has an important 
role in the promotion of growth. Transgenic mice carrying the 
MT-GRF fusion gene have elevated levels of plasma growth 
hormone and grow at-a rate 25-50% greater than that of control 
littermates; this is significantly less than the increased growth 
observed in transgenic mice expressing growth hormone, many 
of which grow to twice the normal size!*5, However, in the 
transgenic animals expressing growth hormone, most body 
tissues express the gene and have the potential to make growth 
hormone, whereas in our experiments growth hormone is only 
made in the anterior pituitary and thus may be rate-limiting. An 
unexpected finding was that females expressing the MT-GRF 
fusion gene are fertile, although transgenic female mice express- 
ing the growth hormone gene are generally infertile!^; this 
suggests that the enhancement of growth in the MT-GRF females 
is more physiological, perhaps because the effect is mediated 
through endogenous somatotropes. 

We examined the pituitaries of two MT-GRF transgenic 
animals that express the fusion gene at high levels (9762-5 and 
9765-2-3). In both cases the pituitary was at least three times 
normal size and showed signs of marked hyperplasia. The condi- 
-tion of these animals is remarkably similar to the clinical findings 
in patients with certain types of human growth disorders charac- 
“terized by elevated levels of growth hormone in serum and 
pituitary hyperplasia. Rather than pituitary adenoma, the more 
common cause of such symptoms, a tumour is found at a remote 
site, often a pancreatic or bronchial carcinoma ^97, These 
tumours do not produce growth hormone, yet on resection 
plasma GH levels fall. Such rare tumours are now recognized 
ло be ectopic sources of ОКЕ?” and the MT-GRF transgenic 
mice seem to provide a good animal model for this class of 
“growth disorders. The finding of pituitary hyperplasia suggests 
that GRF, in addition to regulating GH production, might have 
га role in somatotroph proliferation. 
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Toxoplasma gondii belongs to a group of highly virulent intracel- 
lular parasites that reside in host cell vacuoles which resist typical 
phagosome-lysosome fusion'. Live Toxoplasma replicate prodi- 
giously within modified phagocytic vacuoles formed during invagi- 
nation of the host plasma membrane”. In contrast, heat-killed 
Toxoplasma or specific antibody (heat-inactivated)-coated live 
Toxoplasma-containing vacuoles readily undergo lysosome fusion 
and digestion in normal macrophages^*. Of newly recognized 
significance to Toxoplasma survival is the microbicidal effect of 
phagosome acidification, which reportedly can occur independently 
of fusion with other acidic vesicles? ?. We report here that modified 
live Toxoplasma-containing vacuoles fail to acidify in normal 
macrophages, as indicated by the sensitive pH probe fluorescein. 
In contrast, when live Toxoplasma are coated with specific antibody 
(heat-inactivated), they trigger phagosome acidification when 
entering normal macrophages. A similar acidification is observed 
when normal phagocytes ingest dead Toxoplasma. Extracellular 
Toxoplasma are highly susceptible to acidic pH conditions, indicat- 
ing that the acidification block in the modified vacuoles may be 
important for intracellular survival. 

The endogenous acidification of macrophage phagosomes 
may involve two independent mechanisms that operate before 
acidic vesicle fusion. First, NADPH-oxidase activity, associated 
with the phagocytic respiratory burst, forms superoxide radicals 
and delivers Н? ions to the phagosome^. Second, phagosome 
acidification may involve the Mg-ATPase H*-ion pump iden- 
tified in pinosomes? and ligand-receptor endosomes!* ^ also 
formed by plasma membrane invagination. Given the potential 
for similar acidic changes in newly formed phagosomes^ and 
the pH susceptibility of Toxoplasma'*'’, we investigated how 
the in situ pH of macrophage vacuoles containing Toxoplasma 
affected intracellular survival. 

The fate of live compared with heat-killed or antibody- 
coated Toxoplasma in normal or activated mouse peritoneal 
macrophages was evaluated microscopically at intervals after 
infection in vitro. Live Toxoplasma here refers to extracellular 
parasites freshly collected from mouse ascites’, representing 
the maximum viability obtainable. Acridine orange was used to 
prelabel acidic cell compartments, including lysosomes of 
macrophages cultured on coverslips'’. One hour after infection, 
80% of live Toxoplasma-containing vacuoles blocked fusion of 
acridine orange-labelled vesicles in normal macrophages. 
However, 86% of heat-killed (60°C for 10 min) or antibody 
(heat-inactivated)-coated live Toxoplasma vacuoles fused with 
acridine orange-labelled vesicles within 1 h of phagocytosis by 
normal macrophages. In activated macrophages from immune 
mice? which were cultured in. vitro. for 8 h, 85% of live Toxo- 
plasma vacuoles fused with acridine orange compartments, were 
digested, and thus resemble heat-killed orantibody-coated Toxo- 
plasma vacuoles. 

To evaluate the cidal effect of acidic pH, extracellular Toxo- 
plasma. were incubated in media at fixed pH values and then 
evaluated for their ability to survive in host cells. The viability 
of live Toxoplasma was reduced to <60% of control after 
incubation in media at pH 6.0, as evaluated by plaque formation 
on fibroblast monolayers”? and fusion with acridine orange- 
labelled vesicles in normal macrophages (Fig. 1). 

Having. established the high susceptibility of extracellular 
Toxoplasma to acidic pH, we examined the in situ pH of modified 
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«Fig. E. Viability of Toxoplasma as evaluated by. ability to block 
"fusion of acidic vesicles (labelled with actidine orange) in 
"macrophages (bars) and plaque formation on fibroblast 
monolayers (line) (expressed as plaque-forming units, PFU). Sig- 
nificant reduction in Toxoplasma viability was observed by both 
methods when extracellular Toxoplasma were exposed to media 
of pH 6.0. 
Methods. RH strain Toxoplasma tachizoites (asexually replicating 
stages from acute infections in mice) were collected in Hank's 
balanced salt solution (HBSS) pH 7.2 (ref. 18). After 10 min 
incubation in isotonic HBSS adjusted to pH values from 4.0 to 
8.0 (Orion Research millivolt pH meter 611), Toxoplasma were 
returned to HBSS at pH 7.2 and used for. viability assays within 
30 min. Normal mouse peritoneal macrophages were cultured in 
endotoxin-free (<0.01 ng ml~', Limulus Amebocyte Assay, Associ- 
ates of Cap Cod Inc.) RPMI-1640 with 10% heat-inactivated fetal 
calf serum (CRMPI, Gibco) on 12-mm-diameter glass coverslips 
in 24-well plates for 18 h before use. The extent of fusion in normal 
macrophages labelled with acridine orange’? was evaluated 1h 
after Toxoplasma infection (п = 3)?5, Plaque formation on human 
fibroblast monolayers?? was evaluated after 7 days and expressed 
as mean % control (pH 7.2) from triplicate 25-cm? flasks. 


and heat-killed or antibody-coated Toxoplasma vacuoles in 
macrophage monolayers. In situ pH measurements were esti- 
mated from a standard curve relating fluorescence intensity ( Ij) 
of intracellular fluorescein-labelled Toxoplasma to fixed pH 
values (s.e.= £0.15 unit; see Fig. 3a legend). The excitation 
spectrum of fluorescein is sensitive to pH changes between 4.0 
and 8.0 and is independent of fluorochrome concentration when 
expressed as the / (520 nm) ratio of excitation at 495/450 nm 
(ref. 21). 

Modified live Toxoplasma-containing vacuoles were labelled 
using the fluid phase marker fluorescein dextran present in the 
media during infection with Toxoplasma (Fig. 2a, b). Normal 
macrophage monolayers containing modified vacuoles labelled 
with fluorescein dextran showed a slight decrease in I) during 
the first hour after infection (Fig. 3b). This slight acidification 
from pH 7.2 to 6.8 is probably due to the 20% of Toxoplasma 
which fuse with acidic cell compartments and the small amount 
of fluorescein dextran pinocytosed by macrophages during 
infection (see Fig. 2 legend). Most fluorescein dextran in the 
modified vacuoles did not undergo decreases in la, demonstrat- 
ing that live Toxoplasma reside in neutral pH vacuoles. 

The acidification of heat-killed or antibody-coated Toxo- 
plasma vacuoles, which are destined to fuse with lysosomes, 
was evaluated in macrophages challenged with either heat-killed 
Toxoplasma in the presence of fluorescein dextran ( Fig. 2a, b) 
or fluorescein isothiocyanate (FITC)-antibody-coated Toxo- 
plasma (Fig. 2с, d). Normal macrophage vacuoles containing 
heat-killed Toxoplasma and fluorescein dextran underwent an 
extensive fall in pH from 7.2 to 5.2 after 1 h (Fig. 35). Consistent 
with their intracellular fate, a similar rapid acidification of 
these vacuoles was observed with FITC-antibody-coated live 
. Toxoplasma in normal macrophages (Fig. 3b). Of considerable 
_cinterest, live Toxoplasma labelled with fluorescein dextran 





Fig. 2 Macrophage monolayers containing fluorescein-labelled 
Toxoplasma-containing. vacuoles photographed on a Leitz 
Ortholux П epifluorescence microscope using a Nikon НЕХ 35-mm 
camera on Kodak Tri-X panchromatic film. a, Epifluorescence; b, 
phase contrast; c, epifluorescence; d, differential interference con- 
trast. Monolayers were pulsed for 5 min with live or heat-killed 
Toxoplasma in CRPMI containing 2 mg ml^' fluorescein dextran 
(relative molecular mass 20,000; Sigma), rinsed extensively in 
phosphate-buffered saline (PBS) and recultured. Approximately 
80% of phagocytic vacuoles contained visible fluorescein dextran 
which did not affect block of acridine orange-labelled vesicle fusion 
or Toxoplasma replication in normal macrophages. Spectro- 
fluorometry measurements indicated that pinocytosis of fluorescein 
dextran accounted for 10% of the total label internalized during 
Toxoplasma infection. Toxoplasma labelled with rabbit IgG and 
FITC-goat anti-rabbit (Sigma) were internalized by macrophage 
monolayers during 1 min infection challenge. 


underwent a rapid acidification in activated macrophages (Fig. 
3b). We did not detect the previously reported transient 
alkalinization to pH 7.4 at 2-3 min post-phagocytosis, although 
this may be because we used external media at pH 7.2 rather 
than 6.8 (ref. 6). 

The kinetics of acidification of heat-killed or antibody-coated 
Toxoplasma vacuoles (Fig. 3b) indicates that a rapid shift to 
acidic pH is initiated within the first 3-5 min, starting from 
pH 7.2 and falling to pH 5.6 at 15 min post-phagocytosis. This 
rapid acidification rate appears similar to that of other reports 
on phagosomes of macrophages? and Amoeba?. During the 
initial 15 min post-phagecytosis, the rate of pH change in phago- 
somes is significantly higher than the rate of fusion with acidic 
compartments prelabelled with acridine orange (Fig. 4). At 15 
min, when acidification is 70% complete, 65% of the vacuoles 
still show no evidence of acridine orange vesicle fusion (Fig. 4). 
This pattern is consistent with the model that phagocytic vacuole 
acidification precedes fusion with other acidic vesicles, including 
lysosomes’. 

Several mechanisms may be involved in the rapid acidification 
of compartments of heat-killed or antibody-coated Toxoplasma 
vacuoles. First, acidification may represent fusion of cytoplasmic 
vesicles which deliver proton-pumping ability to the phagosome, 
such as acidisomes described in Paramecium?. However, this 
explanation would only fit the data in Fig.4 if the delivery 
vesicles are not active before vacuole fusion and thus not labelled 
with acridine orange. In this case, the failure of acidification of 
live Toxoplasma vacuoles represents a block of delivery-vesicle 
fusion. Alternatively, the observed differences in acidification 
may result from the degree of endogenous NADPH-oxidase and 
Mg-ATPase H*-ion pump activity within the phagosome. 

We have demonstrated here that live Toxoplasma-containing 
vacuoles show little capacity for acidification whereas both 












» antibody-coated and heat-killed Toxoplasma are internalized by 
normal macrophages into phagocytic vacuoles with an inherent 
ability to acidify. Activated macrophages challenged with live 
Toxoplasma also form phagocytic vacuoles with a marked ability 
to acidify. Similarly, the entry of live Toxoplasma into normal 
macrophages does not stimulate the oxygen radical production 
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Fig. 3 а, In situ standard curve relating fluorescence intensity 
(I5) ratio of intracellular FITC-labelled Toxoplasma to fixed pH 
values. b, Fluorescence intensity ratios. from macrophage 
monolayers containing fluorescein-labelled Toxoplasma vacuoles 
at intervals after phagocytosis. A decrease in J, represents a shift 
in the intravacuolar pH to acidic conditions (a). A slight decline 
in Ip is evident during the first hour after infection from modified 
live Toxoplasma-containing vacuoles in normal macrophages (L1), 
probably due to the 20% of Toxoplasma in this preparation which 
fuse with acidic vesicles. In contrast, a rapid decrease in I, is 
observed from macrophage vacuoles containing heat-killed Toxo- 
plasma and fluorescein dextran (А), and FITC-antibody-labelled 
live Toxoplasma (Wl) in normal macrophages and from Нуе Toxo- 
plasma and fluorescein dextran (9) in activated macrophages. 

Methods. а, Macrophage monolayers containing FITC- Toxo- 
plasma (see Fig. 2a, b) were incubated in sodium citrate (pH 4.0, 
4.5, 5.0) or PBS (pH 5.5, 6.0, 6:5, 7.0, 7.5, 8.0) containing 10 рт 
monensin to. collapse cell pH gradients and clamp intracellular 
compartments at the fixed pH of the external buffer. Fluorescence 
intensity was recorded from macrophages attached to coverslips 
placed in 1-ст cuvettes using an Aminco-Bowman spectro- 
fluorometer with 10-nm bandwidth excitation (altered between 450 
and 495) and 5-nm bandwidth emission centred at 520 nm, n =6 
(ref. 21). Correction for background scatter and autofluorescence 
was made by subtraction of lj readings from a similar set of 
monolayers which did not contain. fluorescein. b, Infected 
macrophages labelled with fluorescein (cell density 2X10* per 
coverslip; 2-5 Toxoplasma per host cell) were rinsed in PBS and 
1, recorded іп PBS at 37 "C. Corrected values were obtained by 
subtracting background fluorescence readings from unlabelled 
infected monolayers. A separate set of three coverslips was used 
to determine mean 1, ratio for each time point. Intracellular acidifi- 
cation of heat-killed or antibody-coated Toxoplasma-containing 
vacuoles was reversible by addition of 10 рМ monensin in PBS at 
pH 72 (+), but was not affected by changes in external buffer pH 

in the absence of ionophore. 











which is typical of phagocytosis of antibody-coated Toxoplasma 
by normal macrophages and of live Toxoplasma phagocytosed 
by activated macrophages'*. These two observations suggest that 
differences in plasma membrane enzyme activation during for- 
mation of live as opposed to heat-killed or antibody-coated 
Toxoplasma vacuoles are responsible for their ultimate intracel- 
lular fate. 

Although Fc and C3b receptors may trigger acidification 
during phagocytosis of antibody-coated Toxoplasma, acidifica- 
tion resulting from ingestion of heat-killed Toxoplasma by nor- 
mal macrophages and live Toxoplasma by activated 
macrophages must be initiated by an alternative receptor, as 
antibody was not present in these preparations. Initiation is 
either not triggered when live Toxoplasma enter normal 
macrophages, or is inhibited, as demonstrated by the failure of 
modified live Toxoplasma-containing phagosomes to acidify. A 
similar pattern of variable extent of endosome acidification 
occurs in ligand-receptor endosomes, where pH values range 
from 6.4 to 5.0 depending оп the receptor involved" 5. Although 
Toxoplasma show a specific attachment phase before entry’, 
neither the receptor involved in this step nor the distribution of 
other cell-surface receptors within the phagosome have been 
characterized. 

The significance of phagosome acidification to intracellular 
Toxoplasma is paramount to survival, judging from their high 
susceptibility to mild acidic conditions when they are extracel- 
lular. Thus, the failure of acidification exhibited by live Toxo- 
plasma-containing vacuoles in normal macrophages enables 
Toxoplasma to survive within cells normally considered microbi- 
cidal. In support of this hypothesis, two other intracellular 
parasites which resist lysosome fusion have been shown to reside 
in neutral (pH = 6.9)’ or weakly acidic (pH 6.1)** compartments 
in normal macrophages. Increased capacity for phagosome 
acidification in activated macrophages and in normal 
macrophages in the presence of specific antibody probably 
contributes to the destruction of intracellular. Toxoplasma. 
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Fig. 4 Comparison of the rate of fusion of acidic vesicle (labelled 
with acridine orange, AO) (Е) with pH changes (L3) in normal 
macrophage containing heat-killed or antibody-coated Toxo- 
plasma. Most acidification occurs before the fusion of acidic vesi- 
cles including lysosomes. The % of total acidification is calculated 
from 1, data points in Fig. 3b representing FITC-labelled Toxo- 
plasma ingested during a 1-min pulse. The extent of acidic vesicle 
fusion was. obtained from normal macrophages labelled with 
acridine orange and challenged similarly with FITC- Toxoplasma. 
Three separate coverslips were used to score each time point. 
Similar kinetic curves for fusion rate were obtained with heat-killed 
Toxoplasma in normal macrophages and live Toxoplasma in acti- 
vated macrophages. 
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The activation of T lymphocytes by mitogens requires at least two 
signals; the first, delivered to T cells by a mitogen in conjunction 
with accessory cells (monocytes/macrophages), leads to the gener- 
ation of the second signal, interleukin-2 (IL-2). The first signal 
also induces the expression of IL-2 receptors on the surface of a 
subpopulation of T cells; binding of IL-2 to its receptor then 
initiates a Cascade of events culminating їп DNA synthesis by 
these cells'7*. Certain compounds act synergistically with mitogens 
in promoting T-cell proliferation by substituting for the activities 
of interacting cells or their products. For example, the phorbol 
ester 12-O-tetradecanoy! phorbol. 13-acetate (TPA) has been 
Shown to restore the ability of macrophage-depleted T-cell popula- 
tions to respond to mitogenic lectins” ’. Transmembrane fluxes of 
calcium, leading to increased free cytosolic calcium concentrations 
({Ca**},), have been demonstrated following mitogen binding to 
lymphocytes and have been implicated in the initiation of cell 
proliferation*"'^, We show here that the effect of TPA on iym- 
phocyte proliferation occurs in the absence of extracellular Ca?* 
or detectable changes in [Ca?*], but only in the presence of 
mitogens. This suggests that in cells which have been incubated 
with the phorbol ester, mitogens can induce proliferation by a 
calcium-independent signal. 

Mitogenic lectins such as phytohaemagglutin (PHA) and con- 
canavalin A, and non-mitogenic lectins such as wheat germ 
agglutinin, lead to a rapid rise in [Ca**], even when there is no 
proliferative response’, and this hampers attempts to evaluate 
the requirement for an increase in [Ca?*], in the initiation of 
celi proliferation. However, we have shown previously that, in 
contrast to PHA-induced activation of monocyte-depleted 
human T cells, the T-cell mitogen!! protein A (SpA from 
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Table 1 Mitogen-dependent effects on levels of cytoplasmic Ca** 
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Se Sa - incorporation 
0 10 min 3h 24h (c.p.m.) 
РВМ+РНА  108:20 2354-80 187274 1142311 44,090:2,670 
PBM+SpA 110527 1284124 180+55 114+38 22,165+1,860 
E' * PHA 106+2.0 24547.8 186=24 11643.5 62,210:+2,110 
E*+SpA 106424 110453 113434 114+3.0 4,520 + 760 





Peripheral blood mononuclear cells (PBM) were isolated following Ficoli- 
Hypaque gradient centrifugation. Erythrocyte- Josetting T cells ( E") were obtained © 
by rosette enrichment as cescribed elsewhere”. Cells (200 pl, 5x10 mi) were. 
cultured with PHA (10 ug mI", Difco) or SpA (100 ug mi"! , Pharmacia for 72 he: 
in RPMI-1640 containing 10% fetal calf serum. Four hours before the end of the. 
culture, 1 pCi *H-thymidire (6.7 Ci mmol!) was added; labelled DNA was cour 
ted in a liquid scintillation counter. The mitogens were added at time 0 and [Ca^] - 
levels recorded at 10 min, 3 h and 24 h. For monitoring [Ca^ *],, 10x 10° cells ml 
were incubated with 10 uM acetoxymethyl quin-2 (generously provided by Dr Т. 
J. Rink, and prepared as a 2mM stock solution in dimethyl sulphoxide) as 
described previously'?. The cells were incubated with quin-2 before each assay 
point. A Perkin-Elmer spectrofluorimeter (Model 650-40) was used for fluorescence. 
measurements, for which the cells were suspended in HEPES- ‘buffered salí 
containing 1 mM Ca?* (ref. 10). Calculation of free cytosolic Са?” concentration 
([Ca?*]) was as described previously '??*. Although reported to affect the response 
of lymphocytes to mitogen’, the concentration of quin-2 used here was shown ta 
be non-mitogenic and did not significantly interfere with mitogen-induced prolifer- 
ation. Results represent the means +s.e.m. of three separate experiments catried 
out in duplicate (Са? determinations) or triplicate (Н- thymidine incorporation). 
In the absence of mitogen, background c.p.m. were «1,000 and [Ca?^*], was 
106-112 nM. 





Table 2 TPA modulatior. of mitogen-induced changes in levels of cytosolic free 
Са?* and lymphocyte proliferation К 











[Ca^] (nM) ?H-thymidine 
= incorporation 
0 10 min 3 3h 24h (c.p.m.) 
ТРА (16h) 1123.0 11243.2 110425 11242.5 3,100 + 270 
PHA 111+2.2 236456 191253 = 40,530 + 1,350 
TPA (16h) 

>PHA 108412 246+7.6 204+4.2 — 52,400 + 5,790 
PHA 114z3.2 260+6.2 201+32 118446 34,870 2,480 
TPA (1h) 

PHA 108:3.2 256+8.2 202+3.5 120+5.2 47,9804 2,870 
SpA 109+2.6 112x16 112440 — 4,040 670 
TPA (16h) 

~SpA 112414 120456 115251 — 23,1103,160 
SpA 105:3.2 110264 116562 114+5.2 2,250 + 690 
TPA (1h) 

SpA 116+2.1 118426 1204+36 122+52 20,570: 1,160 





Human E-rosetting T cells (10 x 105 ml ^) were incubated: with TPA (107? Mi): 
(Sigma) for 1 or 16h in RPMI-1640 plus 10% fetal calf serum. The cells were 
then washed three times in RPMI containing defatted bovine serum albumin (BSA, 
Sigma) and twice with RPMI to remove sesidual TPA”, Aliquots of the cells were 
then either loaded with quin-2 for [Са?”), determinations or used in studies of 
lymphocyte proliferation (see Table 1). Results represent the means +s.e.m. of - 
three separate experiments. 


Staphylcoccus aureus, Cowan I strain) does not produce changes 
in [Ca?*], or DNA synthesis in the absence of monocytes", 
Monocytes preincubated with SpA trigger a rapid increase in 
[Ca?*], as well as a proliferative response in these isolated T 
cells. We therefore used this sytem to determine whether TPA 
can serve as a co-mitogen and whether the effect of TPA on 
SpA-induced proliferation of isolated human T cells (in the 
absence of monocytes) requires, or is accompanied by, changes 
in [Ca^]. 

Table 1 illustrates the effects of PHA and SpA on [Ca?*], 
monitored by quin 2 fluorescence during the first 24h and by 
the proliferative response measured using *H-thymidine incor: 
poration at 72 h. Incubation of a mixed population of peripheral 
blood mononuclear cells (PBM) with PHA or SpA resulted in 
significant incorporation of *H-thymidine and increases in 
[Ca?*]. The response to PHA was rapid, [Ca?*], more than 
doubling within 10 min, then falling progressively and reaching 
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incorporation 
Initial incubation Second incubation (c.p.m.) 
Medium Medium 1,100 + 200 
Medium TPA 2,100 + 230 
Medium PHA 22,840 + 3,240 
Medium ТРА » PHA 25, 110+ 2,910 
EGTA TPA 2,190 + 270 
EGTA PHA 4,220 x 730 
EGTA ТРА > PHA 24,790 + 2,720 
Medium SpA 4,570 + 660 
Medium ТРА > ЅрА 16,200 570 
ЕСТА ЅрА 5,870+320 
EGTA ТРА > SpA 18,500 + 1,080 


[Ca^*], (nM) 





initial incubation Second incubation 


Medium 106 + 2.0 PHA 245 x 7.8 
Medium 112: 3.0 TPA 112232 
TPA 108 + 3.2 PHA 256+ 8.2 
EGTA 102 + 6.6 TPA 103 + 5.2 
EGTA 105 + 3.0 PHA 107 +2.8 
EGTA > ТРА 108 + 2.6 PHA 108 + 3.2 





E-rosetting T cells were used in these studies. Expt a): Determination of 
H-thymidine incorporation. ‘In the initial incubation, 5x10? cells ml! were 
incubated with medium containing EGTA (2 mM) or medium (RPMI-1640) alone 
for 30min at 37°C. In the second incubation, TPA (107° M) was added where 
indicated for 1 h, followed by the addition of mitogen for 1 h at 37°C. Only then 
re the cells washed three times with RPMI-containing defatted BSA and twice 
in RPMI. Aliquots (200 yl) of cells.(5 x 105 ml ^!) were then incubated for 72 h in 
'"RPMI-1640 plus 10% fetal calf serum. Previous studies have shown that a 1-h 
incubation with PHA, followed by cell washing, results in 80-90% of the prolifera- 
tive response observed when PHA is left in culture for the entire 72 h'?. Results 
represent the means +s. em. of three experiments carried out in triplicate. Expt 
b: Determination of [Ca^], levels. Initial incubation: cells were first incubated 
th quin-2 (10 рМ) for 60 min, washed, then incubated with medium containing 
EGTA (2 mM) or medium only (see Table 1) for 30 min at, 3 °C. ТРА (107? M) 
was then added for 1 h as indicated. Baseline levels of [Са и were obtained. In 
the second incubation, PHA (or TPA) was added and [Ca^*], levels determined 
10 min later. Results represent the means xs.e.m. of three separate experiments 
carried out in duplicate. 


baseline levels after 24 h. The response to SpA was somewhat 
slower, with a period of 2-3 h required to reach maximum [Ca?*], 
levels. This delay probably reflects the requirement for 
monocyte/T-cell interaction in the response to SpA’. Purified 
T cells (E*) respond to PHA in a similar manner to the unfrac- 
tionated PBM, with both a rapid increase in [Ca?*], and a greater 
proliferative response. In contrast, as previously reported", 
incubation of purified T cells with SpA resulted in a greatly 
reduced ?H-thymidine incorporation and no significant change 
in [Ca?*]. 
TPA is the most potent of the group of phorbol diesters known 
to promote tumours or induce cellular differentiation". By itself, 
TPA (107° M) is weakly mitogenic but does not lead to changes 
in [Ca?*], (ref. 8 and Table 2). We found that preincubation of 
cells with TPA for 1 or 16 h, followed by the addition of PHA, 
produced a greater proliferative response than observed with 
_ cells not preincubated with TPA. The increase in cytosolic free 
Са?" following addition of PHA was similar with or without 
TPA pretreatment. 
When purified T cells were incubated with TPA for 1 or 16 h, 
-they subsequently exhibited a proliferative response to SpA 
(Table 2); the magnitude of ?H-thymidine incorporation was 
similar to that seen with PBM (Table 1). In the presence of 
SpA, [Ca**], levels were only marginally higher in cells preincu- 
bated with TPA than in cells exposed to SpA alone; monitoring 
of [Ca?*], indicated little change in levels during the 24-h period 
following addition of SpA. These results indicate that preincuba- 
tion enables T cells to proliferate in response to SpA without 
an accompanying rise in [Ca?*]. 
In monocyte-dependent systems, TPA can often restore the 
roliferative response to mitogens in monocyte-depleted cell 
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populations**. Although TPA can augment the production of 
interleukin-1 (a monocyte-derived lymphokine)!^'^ the effects 
of TPA described in Table 2 are monocyte-independent and the 
drug seems to act directly on purified T cells. These effects of 
TPA on SpA-induced T-cell proliferation can be easily distin- 
guished from those observed following addition of monocytes; 
in the presence of monocytes, [Ca?*], increased significantly 
(Table 1, PBM) whereas with TPA pretreatment of purified T 
cells there was little deviation from baseline [Ca?*], following 
the addition of SpA (Table 2). 

We have shown previously that triggering of a PHA-induced 
proliferative response is dependent on the presence of extracel- 
lular Ca?* (ref. 16). We therefore investigated whether TPA 
treatment would produce a PHA-induced proliferative response 
in the absence of raised [Ca?*],. We found that, in contrast to 
cells in Ca?*-containing medium, T lymphocytes treated with 
the Ca** chelator EGTA and then incubated with PHA for 1h 
in EGTA-containing medium, failed to incorporate °H- 
thymidine when returned to normal (and lectin-free) medium 
for the remaining 72 h (Table 3, expt a and ref. 16). Cells treated 
similarly, except for preincubation with TPA, demonstrated a 
response to PHA (and SpA). As the TPA preincubation was 
carried out with EGTA-treated cells in EGTA-containing 
medium, this result suggests that the TPA effects do not require 
extracellular Ca?*, in contrast to previous reports'’. Cells pre- 
treated with EGTA and incubated with TPA and PHA in EGTA- 
containing medium showed no increase in [Ca?*], (Table 3, expt 
b), but did show an increase in ?H-thymidine incorporation 
(Table 3, expt a). 

The importance of increases in Ca?" as a signal for mitogen- 
induced proliferation has been demonstrated in several different 
systems (reviewed in ref. 18), although the nature of the Ca?* 
signal and the target for its activity are unknown. On the other 
hand, TPA is known to be co-mitogenic for lymphocytes and 
may act by directl ly activating protein kinase C, leading to protein 
phosphorylation . The present report, as well as Ее 
studies", have shown that TPA does not mobilize Ca?* 
measured directly using the fluorescent indicator quin-2. We 
used two independent systems, опе in which changes in [Ca?*], 
do not occur in response to mitogen alone and one in which 
changes in [Ca?"]; were prevented by the presence of EGTA. 
In both systems, following treatment with TPA, T lymphocytes 
become able to proliferate in response to mitogens. As TPA, an 
activator of protein kinase C, is itself non-mitogenic, this sug- 
gests that another, calcium-independent, signal can be generated 
by the mitogen; the nature of this signal remains to be elucidated. 
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‘The t use: оГ modern techniques has led to new insights into the 
; molecular mechanisms of viral pathogenesis'. Although the infec- 
: tious process is quite complex, it is clear that one critical stage, 
the interaction of viral attachment proteins with cell-surface recep- 
tors, often has a major role in determining the pattern of infection’. 
The mammalian reoviruses have served as useful models for under- 
standing the molecular basis of viral pathogenesis". The mam- 
malian reovirus haemagglutinin (c1 protein), which is an outer 
capsid protein, has been shown to be a major factor in determining 
virus-host cell interactions. To further our understanding of the 
Structure and function of the haemagglutinin, we have cloned a 

"complementary DNA copy of the reovirus type 3 S1 double- 
stranded RNA gene which encodes the virus haemagglutinin and 
have sequenced the DNA complementary to the S1 gene. Analysis 
of the predicted amino-acid sequence of the virus haemagglutinin 
has allowed us to determine that the amino-terminal portion con- 
tains an a-helical coiled-coil structure and that the carboxy- 
terminal portion contains the receptor-interacting domains. Using 
this information, we propose here a model of how the reovirus 
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Figure 1 shows the nucleotide sequence of the entire reovirus 
type 3 S1 gene. The gene consists of 1,416 nucleotide bases and 
has two open reading frames. The first open reading frame 
begins at nucleotide 13 and terminates at nucleotide 1,377 
encoding a protein of 455 amino acids and computed relative 
molecular mass of 49,071. This protein corresponds to the 
reovirus haemagglutinin (o1 protein) as determined by the 
previously estimated sizes^* 

The predicted amino-acid sequence of the virus haemag 
glutinin contains three potential glycosylation sites (see Fig. 1) 
Although it has been reported that the haemagglutinin ol 
reovirus grown in the L strain of mouse fibroblasts can іпсогрог 
ate radiolabelled amino-sugars at a low level, there has been 
no confirmation that the three potential sites are glycosylated 
in the haemagglutinin. 

A second open reading frame in the S1 gene begins at nucleo 
tide 71 and terminates at nucleotide 430 and would encode : 
polypeptide of 120 amino acids. The presence of two open 
reading frames agrees with both ribosome binding studies? and 
in vitro translation studies’ which conclude that the S1 gene 
has two initiation sites. Recently, the 120-amino-acid protein 
has been detected in reovirus-infected cells". 

Examinations of the amino-acid sequence of the reovirus type 
3 haemagglutinin reveals certain features, in particular, a hepta- 
peptide repeat pattern (a-b-c-d-e-f-g) between amino acids 
28 and 158, representing approximately one-third of the 
molecule at the amino-terminal end. In this pattern, amino acids 
at positions a and d are primarily hydrophobic (Table 1). 
Another striking feature of the sequence is that there are two. 
proline residues flanking this heptapeptide repeat at amino acid 
positions 3 and 176, but no prolines within the heptapeptide . 
repeat pattern. The heptapeptide repeat, the position of the: 
hydrophobic amino acid and the absence of both proline and 
aromatic amino acids from the heptapeptide repeat are typical 
of an a-helical coiled-coil structure where the hydrophobi 
residues at positions а and:d form the interface between th 
a-helices?!?: this agrees with computer analysis of protein 











haemagglutinin is attached to the virus particle. 


Fig. 1 The determined nucleotide 
sequence of reovirus type 3 S1 gene 
and predicted amino-acid sequences 
for both open reading frames. The 
one-letter amino-acid notation used 
is recommenced by the IUPAC-IUB 
Commission on Biochemical 
Nomenclature", The numbers given 
above the amino-acid sequence 
designate the residue positions for 
the first open reading frame. The 
numbers on the right show nucleo- 
tide positions. The a-helical region 
is indicated by a thick line above the 
amino-acid residues. The potential 
glycosylation sites are marked by an 
asterisk. The mutation site for an 
immune-selected variant (K) is indi- 
cated by an arrow. 

Methods. Genomic double-stranded 
(ds) RNA was isolated from purified 
reovirus type 3 (Dearing) and, using 
the enzyme poly(A) polymerase 
(BRL), —30 AMP molecules were 
added to the 3’ termini?. The poly- 
adenylated RNA was used as a tem- 
plate to synthesize oligo( dT)-primed 
single-stranded (ss) СОМА“, The 
complementary ss cDNA fragments 
were hybridized to obtain ds cDNA 
fragments. which were inserted into 
pBR322 by G-C tailing”. The recom- 
binant plasmids were used to trans- 
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form Escherichia coli MC1061 сев“. To obtain an SI gene probe, reovirus dsRNA: was tailed with radiolabelled cytidine 3,5'-bisphosphate 
using T, RNA ligase”®. The radiolabelled SI dsRNA was then used to screen the cDNA library. A full-length cDNA clone of the 51 gene 
was isolated. Restriction enzyme in dn for this cDNA clone were ligated into bacteriophage vector M13- mos REDNA” and sequenced 
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Fig. 2 Schematic representation of the morphology of the outer 
capsid of reovirus type 3. a, Dimensions of the virion. b, Orientation 
of the o1 protein in the virus. The a-helical region is shown to 
extend through the А 2 channel into the viral core. The globular-like 
structure sits on top of the A2 channel and interacts with host cell 
receptors. c, Summary of structure-function of the virus haemag- 
glutinin. 


consist of an a-helical structure. Similar predictions of a coiled- 
‘oil structure based on sequence data and computer analysis 
were reported for the influenza virus haemagglutinin". This 
structure was subsequently verified by crystallography and 
shown to represent ~23% of the polypeptide that provides the 
major force stabilizing the trimeric subunit interactions". 

By definition, the a-helices of a coiled-coil structure are 
wound around each other; this predicts at least a dimer form 
for the reovirus haemagglutinin. Studies show that there are 24 
haemagglutinin molecules per virion which are located on the 
12 projections/spikes on the outer capsid'*. Thus, both the 
stoichiometry and the coiled-coil structure support a dimer form 
for the haemagglutinin. 

In contrast to. the amino-terminal portion, the carboxy- 
terminal portion of the virus haemagglutinin shows no dominant 
. Structural pattern. Computer analysis of protein secondary- 
structure predictions'' show that this area is a mixture of short 
a-helices, B-sheets and random coils and that it contains many 
turns. This area also contains 12 proline residues and bulky 
aromatic amino acids, unlike the a-helical amino-terminal por- 
tion. АП these features suggest a globular-like structure at the 
carboxy-terminal portion of the haemagglutinin protein. 
Recent studies on a reovirus variant strain (designated variant 
К)" have localized the receptor-binding region to the carboxy 
terminus of the virus haemagglutinin (R.B.-D., unpublished 
data). In particlar, the $1 gene of this immune-selected variant, 
in which the receptor-binding site is altered!5, is similar to the 
51 gene of reovirus type 3; the only nucleotide base change in 
the variant S! gene is a point mutation at nucleotide 1,267 








Table 1 Heptapeptide repeat pattern for the amino-acid sequence of 
reovirus type 3 haemagglutinin 





Amino-acid no. 


Leu Glu Ser Arg 28-31 
Val Ser Ala Leu Glu Lys Thr 32-38 
Ser Gin Пе Н Ser Азр Thr 39-45 
Пе Leu Arg lle Thr Gin Gly 46-52 
Leu Asp Asp Ala Asn Lys Arg 53-59 
He Ile Ala Leu Glu Gin Ser 60-66 
Arg Asp Asp Leu Val Ala Ser 67-73 
Val Ser Asp Ala Gin Leu Ala 74-80 
Ile Ser Arg Leu Glu Ser Ser 81-87 
Пе Gly Arg Leu Gin Thr Val 88-94 
Val Asn Gly Leu Азр Ser Ser 95-101 
Val Thr Gin Leu Gly Ala Аг 102-108 
Val Су Gin Leu Glu Thr Gly 109-115 
Leu Ala Glu Leu Arg Val Asp 116-122 
His Asp Asn Leu Leu Аа Arg 123-129 
Val Asp Thr Ala Glu Arg Asn 130-136 
Пе Gly Ser Leu Thr Thr Gh 137-143 
Leu Ser Thr Leu Thr Leu Arg 144-150 
Val Thr Ser Пе Gin Ala Asp 151-157 
Phe 158 

16/19 3/18 4/18 18/19 2/19 6/19 2/19 No. of hydrophobic 
amino acids 
89 17 22 99 10 34 10 % Hydrophobic 
amino acids 





(corresponding to a change in amino acid 419 from glutamic 
acid to lysine). Thus, the receptor-binding site is in the carboxy- 
terminal portion of the haemagglutinin protein. 

The protein sequence of the reovirus haemagglutinin was 
compared with all the protein sequences available in the 
National Biomedical Research Foundation database, using the 
Goad-Kanehisa program for finding local homologies'’. Sig- 
nificantly high scores (8 and 7 s.d.) were obtained with nematode 
myosin and rabbit tropomyosin. Optimal alignment of reovirus 
haemagglutinin (amino acids 27-100) and nematode myosin 
(amino acids 1,391-1,464) gives an average of 28% identical 
residues. When comparisons are based on grouping amino acids 
containing similar side chains, the extent of homology increases 
to an average of 51%. However, myosin'? and tropomyosin’? 
both consist of a-helical coiled-coil structures. To evaluate 
whether the observed homologies were due to evolutionary 
relatedness or structural relatedness, further computer analysis 
was performed on the homologies and revealed scores (4.5 and 
4s.d.) which indicated definite structural relatedness between 
reovirus haemagglutinin and myosin/tropomyosin. Because of 
the lack of any known functional similarities, the evolutionary 
relatedness of these proteins remains uncertain. 

Figure 2 shows a model of the virus haemagglutinin and its 
orientation in the virus. Also shown are the known dimensions 
of the outer capsid, the location of the 4,1C/o3 complex, the 
А2 projections/spikes and the channel within the A2 protein. 
Evidence that the haemagglutinin lies close to the A2 protein 
comes from analysis of extragenic suppressor mutations". Tem- 
perature-sensitive (ts) mutants of reovirus containing defects in 
the A2 protein (tsB-352) revert to a non-ts phenotype with second 
mutations in the o1 protein. Such second-site mutations occur 
predominantly in proteins which share an intimate structural 
relationship. Further evidence for a close interaction between 
А2 and c1 proteins is the fact that although o1 protein is the 
major neutralization antigen, monoclonal antibodies against A2 
protein also result in neutralization??, presumably through steric 
hindrance of the o1 protein function. 

The c1 protein has been drawn in the model as a dimer 
containing an extended a-helix whose length when fully ex- 
tended is ~180 A. Unlike the adenovirus fibre protein, which 
projects as an extended rod from the surface of the adenovirus 
core, no structure has been seen to project from the surface of _ 
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the reovirus particle. Therefore, the extended a-helix of the 
protein must be accommodated within the virion. The location 
of the haemagglutinin over the A2 channel makes it likely that 
the extended a-helical portion of the haemagglutinin extends 
into the channel, while the globular portion containing the 
receptor-interacting region is present on the outer surface of the 
virus particle. This model is consistent with the known channel 
diameter of the core spike (50 À) and the radius of the outer 
capsid (120.A)?!. The location of the a-helix in the A2 channel 
would provide an anchor, attaching the a1 protein to the virus 
particle. Recent work in this laboratory on the morphology of 
the reovirion supports the proposed model (M. Nibert, unpub- 
lished data). The present studies should now make it possible 
to analyse, on a molecular level, the structure of the reovirus 
attachment protein and its interaction with its host cell receptor. 
We thank Dr Kenneth Tyler and Max Nibert for dis- 
cussions and comments; Drs Edmund Choi and Jonathan 
Seidman for help with DNA sequencing and for discüssions; 
Dr Stephen Harrison for discussion; Dr Angus Graham for 
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reovirus type 3 S1 репе?°?!. 
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Recent studies in which cloned immunoglobulin genes were intro- 
duced into cultured cells have produced two significant findings. 
First, the genes are expressed after transfection into lymphoid 
cells but not non-lymphoid cells'. Second, transcription of an 
immunoglobulin gene requires, in addition to the promoter region, 
an enhancer element located downstream of the transcription start 
site* "°, These findings raise the question of whether it is the 
promoter or the enhancer region that is responsible for the observed 
cell-type specificity. It has, in fact, been shown that 
immunoglobulin enhancers function only in lymphoid cells**?, We 
show here that the promoter for an immunoglobulin x light-chain 
gene also is strongly specific for lymphoid cells. Our result re- 
emphasizes the importance of promoters relative to enhancers in 
determining which cells express which genes. 

Because the « light-chain enhancer is already known to be 
cell-type specific, any study of the specificity of the «-chain 
promoter must separate the promoter from the enhancer. For 
this purpose, we constructed the plasmid pLX40 (Fig. 1a), which 
contains three important elements: (1) part of the MOPC 41 к 
light-chain gene'' extending from ~1.1 kilobases (kb) before 
the transcription initiation site to 2.1 kb after the initiation site; 
(2) the simian virus 40 (SV40) early promoter attached to the 
bacterial neo gene'^; and (3) the polyoma virus large-T antigen 

. gene. and origin of replication. The part of the «-chain gene 
used excludes the enhancer, which has been mapped? to a region 
L6kb further downstream. The «-chain gene polyadenylation 
signal, also deleted in this construction, is replaced by an SV40 
poly(A) signal to allow processing of «-chain transcripts into 
stable messenger КМА“, The role of the SV40 promoter is to 
provide an internal control for transcription from the к-сһаіп 
promoter. The polyoma segment allows the plasmid to replicate 





to a high level in most mouse lymphoid and non-lymphoid cell 

lines (ref. 13 and our unpublished data), thus increasing the” 
amount of RNA synthesized by increasing the amount of DNA 

template*>”’. 

The к-сһаіп promoter cannot function without an enhancer 
and so, to study transcription from the promoter, we inserted 
three different enhancers into pLX40 at an upstream EcoRI site. 
A 238-base pair (bp) fragment of polyoma (nucleotides 5,028- 
5,265)'* including the enhancer region? was inserted in both 
orientations to form the plasmids pLX40P.1 and pLX40P.2. A 
216-bp fragment of the Moloney murine sarcoma virus (MSV) 
long terminal repeat (nucleotides 210-426)'°, containing the. 
73/72-bp repeat unit with full enhancer activity'5, was inserted: 
to form the plasmid pLX40M.1. For purposes of comparison 
a 473- bp fragment cf the к-сһаіп gene (nucleotides 3,689. 
4,161)" containing the к enhancer itself^* was also inserted in 
both orientations to form. the plasmids pLX40K.1 and 
pLX40K.2. Although pLX40 already contains the SV40 enhan- 
cer as part of the SV40 origin (Fig. 1a), we inserted the enhancers 
from murine viruses to obtain maximal activation of the x-chain 
promoter in mouse cells!*?. In fact, pLX40 also contains the 
polyoma enhancer as part of the polyoma replicon, but the 
enhancer does not stimulate the «-chain promoter in this con- 
figuration*? 

This set of six plasmids was transfected into antibody- 
secreting MPC 11 mouse myeloma cells and three lines of 
non-lymphoid mouse cells. Forty-eight hours after transfection, 
total RNA was extracted from the cells and assayed by the S, 
nuclease method"?! in conditions of probe excess. For each . 
RNA sample, one aliquot was tested with a 5’ end-labelled, .- 
double-stranded probe specific for «-chain transcripts and an 
equal aliquot with such a probe specific for neo transcripts (Fig. 
1b). The two hybridizations were carried out at temperatures 
optimal for the respective probes, and the two S, nuclease- 
treated reactions combined before loading on a gel. | 

Figure 2 shows the results of a typical S, experiment after .: 
transfection of the plasmids into MPC 11 cells. Bands of the 
intact neo and к probes were present (Fig. 2), because of some 
re-annealing of the probes during the hybridizations and to some 
upstream transcription from pBR322 sequences (data not 
shown). In addition, a strong band was present beneath the neo 
probe. The size of this fragment corresponds to transcripts 
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Fig. 1 a, Schematic diagram of the plasmid pLX40. Sources of 
DNA fragments are indicated as follows: pBR322, solid line; SV40, 
dashed line; neo gene, dotted line; polyomavirus, heavy dashed 
line; « gene, heavy line. The structure of the pBR322-neo-SV40 
segment is as described elsewhere": the к segment extends from 
the upstream EcoRI site to the BglII site in the intron'':'’; the 
SV40 segment after the к-сһаіп gene is the same as the SV40 
segment after the neo gene, and the polyoma segment is the same 
as used previously*. Arrows indicate the approximate initiation 
sites and directions of transcription for the SV40 early promoter, 
the polyoma early promoter and the « promoter. Enhancers were 
inserted at the EcoRI site by means of linkers to form other 
plasmids. Б, Strategy for S, nuclease assays. The neo-specific and 
x-specific probes are shown underneath the respective genes, with 
the ?P-labelled ends denoted by asterisks. Initiation sites and 
direction of SV40 early and « transcription are shown by arrows, 
and translated regions of DNA are drawn in heavy line. L, leader 
segment; V, variable region; J, joining segment. The plasmid 
pLX40 and derivatives were constructed by standard methods; 
details are available on request to the authors. The neo and к 
probes were prepared as described previously? with specific 
activities of ~2 x 10° d.p.m. per pmol fragment. 



















initiating from the SV40 promoter; the band runs as a doublet 
because of heterogeneity in the SV40 early transcription start 
site", Another strongly protected fragment was present in all 
the samples below the « probe. This fragment is characteristic 
"of transcripts initiated by the к-сһаіп promoter 25 bp before 
the first codon of the gene*’. Neither the neo-specific nor x- 
specific fragment were protected by RNA extracted from 
untransfected cells’. The transcription from the «-chain pro- 
moter on pLX40 presumably resulted from the effect of the SV40 
enhancer. «-chain transcription was stimulated —fivefold more 
by any of the murine enhancers. (Fig. 2). 

The set of plasmids was also transfected into a transformed 
line of liver cells BNL 1ME_A,7R.1 (ATTC ТІВ 75) as a rep- 
resentative non-lymphoid cell line. Strong neo-specific bands 
were detected after S, analysis, showing that the plasmids were 
successfully transfected into the liver cells and could be tran- 
scribed. Indeed, more neo RNA was produced in the liver cells 
than in the myeloma cells, probably because of a higher transfec- 
tion efficiency. Nonetheless, x-chain transcripts were almost 
г undetectable in the liver cell RNAs, although longer photo- 
graphic exposures did reveal a small amount of «-chain specific 
"transcript from pLX40P.1, P.2 and M.1. Very similar results 
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Fig.2 S, nuclease assay of RNA from transfected cells. Cells of 
strains MPC 11 ог BNL IME A.7R.1 were transfected with DNA 
of the indicated plasmids. Total RNA was extracted from the cells 
after 48 h and an equal aliquot of each RNA sample was hybridized 
at 53 °С to a neo-specific probe and at 48 °C to a x-specific probe. 
After S, digestion, the reactions were combined and analysed on 
a polyacrylamide gel. The upper and lower bands marked probe 
co-migrated respectively with undigested neo and « probe. The 
markers are from a labelled, denatured Hinfl digest of the plasmid 
pSV2-neo"? and have lengths in nucleotides of 517, 396, 362, 134, 
109 and 83. Mk, markers; 40, plasmid pLX40; K.1, pLX40K.1; 
K.2, pLX40K 2; P.1, pLX40P.1; P.2, pLX40P.2; M.1, pLX40M.1. 
Transfection of cells, extraction of RNA and S, assays were per- 
formed as described previously?. 
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Fig. 3 S, nuclease assay of RNA from transfected cells. The assay 

was performed as in Fig. 2. Lane Mk is an $, analysis with the к 

probe of RNA from MPC 11 cells transfected with pLX40P.1, 

performed in parallel with the other reactions. The cells were 

transfected as before’, with the addition of a dimethyl sulphoxide 
shock step as described elsewhere”. 


were obtained when the plasmids were transfected into mouse 
L and 3T3 cells (Fig. 3): the SV40 promoter transcribed the neo 
gene strongly on all the plasmids, but «-chain transcription was 
very weak from pLX40P.1, Р.2 and M.1 and undetectable from 
the other plasmids. The MSV enhancer is known to function in 
both L апа 3T3 cells!*!? and the polyoma enhancer functions 
in a wide range of cells, including 3T6 cells?, and apparently 
in 3T3 cells where polyomavirus can replicate'*. Hence, the very 
low level of «-chain transcripts detected from pLX40P.1, P.2 
and M.1 suggests that it is the «-chain promoter itself which is 
intrinsically inactive in the non-lymphoid cells. ; 
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ool ; Schematic diagram of the plasmid pLX100. Transcripts 

and sources of the DNA fragments are indicated as in Fig. 1. To 
construct the plasmid, a fragment of the plasmid pLX40 extending 
"from the Prull site upstream of the к gene (Fig. 15) to the BamHI 
site after the gene was inserted between the unique HindllI and 
BamHI sites of the plasmid pSV2-neo!?; the BamHI polyoma 
fragment of pLX40 was then inserted at the BamHI site of the 
new plasmid. b, Probe used for S, nuclease assays of RNA from 
pLX100. The probe is shown beneath the region of pLX100 where 
the SV40 origin and the к gene are joined, with the ??P-labelled 
end denoted by an asterisk. The arrow indicates transcription from 
the SV40 early promoter. c, S, nuclease assay of RNA from trans- 
fected cells. Cells of the indicated strains were transfected with 
pLX100 DNA, and extracted RNA was analysed at 53 °C with the 
probe shown іп b. The topmost band in each lane co-migrated 
with undigested probe. The markers are part of a Hinfl digest of 
pSV2-neo DNA and have sizes in nucleotides of 396, 362, 134 
and 109. 





However, an alternative explanation is that к-сһаіп transcripts 
are synthesized at a higher level but are unstable in non- 
lymphoid cells. To eliminate this possibility, we constructed the 
plasmid pLX100 (Fig. 4a) in which the SV40 early promoter 
was attached to the same deleted к-сһаїп gene used in the 
pLX40 plasmids. The new plasmid was transfected into MPC 11, 
BNL 1МЕ and L cells, and extracted RNA was assayed by the 
S, method, using a suitable probe (Fig. 4b). In contrast to 
transcripts of the к-сһаіп gene initiating from its own promoter 
on the pLX40 plasmids (Figs 2, 3), transcripts of the к-сһаіп 
gene initiating from the SV40 promoter gave a strong signal 
(Fig. 4c). In fact, these transcripts were detected at a higher 
level in the non-lymphoid cells than in the myeloma cells, 
probably because of the higher transfection efficiency of the 
non-lymphoid cells seen above. In any case, the results show 
clearly that transcripts of this к-сһаіп gene are stable in non- 
lymphoid cells, and we therefore conclude that the «-chain 
promoter initiates transcription very weakly in those cells. 

We also transfected the pLX40 plasmids into lines of pre-B, 
B and T cells. We found that both the promoter and enhancer 
function in these cells, but not as efficiently as in myeloma cells, 
the activities in T cells being especially weak (manuscript in 
preparation). 

The precise sequences responsible for the observed cell-type 
specificity of the x-chain promoter may a priori be at a consider- 
able distance from the actual transcription start site. However, 
we have shown that sequences more than 100 bp upstream of 
the start site are not required for high-level transcription in 
myeloma cells (C. Stauber and C.Q., unpublished data), and 
sequences downstream of the variable segment are also not 
required". Hence, it seems likely that the actual sequences induc- 
ing high-level transcription specifically in B-lymphoid cells are 
fairly close to the transcription start site. Excellent candidates 
for these sequences would be two short regions of homology 
found. in all light-chain genes examined, about 50-100 bp 
upstream of the start site’**. Similar conclusions have recently 
been reached by others”. 
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Identical V, T-cell receptor genes used 
in alloreactive cytotoxic and 
antigen plus I-A specific helper T cells 
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T lymphocytes involved in the cellular immune response carry 
cell-surface receptors responsible for antigen and self recognition. 
This T-cell receptor molecule is a heterodimeric protein consisting 
of disulphide-linked.a- and -chains with variable (V) and con-. 
stant (C) regions'~*. Several complementary DNA and genomic 
DNA clones have been isolated and characterized*'*. These analy- 
ses showed that the genomic arrangement and rearrangement of 
T-cell receptor genes using Vj, diversity (Юу), joining (Jy) and 
C, gene segments is very similar to the structure of the known: 
immunoglobulin genes (see ref. 13 for review). We have isolated 
two cDNA clones from an allospecific cytotoxic T cell, one of 
which shows a productive. V,~J,—C,1 rearrangement without an 
intervening D, segment. This V4 gene segment is identical to the © 
Vp gene expressed in a helper T-cell clone specific for chicken 
red blood cells and Н-21° (ref. 14). The other clone carries the 
Св2 gene of the T-cell receptor, but the C52 sequence is preceded ` 
by a DNA sequence that does not show any similarity to Ув or 
Jg sequences. 
An allospecific cytotoxic T-cell clone 3F9 of BALB/c origin. 
with specificity for H-2D^ has been established". To isolate 
cDNA clones bearing sequences for the different chains (a and 
B) of the T-cell receptor molecule(s), we constructed a cDNA 
library in the bacteriophage Agt11. A synthetic oligonucleotide | 
complementary to part of the C region of the -chain was 
synthesized and used to screen the Agt11-3F9 cDNA library for 
cross-hybridizing cDNA clones. Twenty such: clones were iso- 
lated from ~ 100,000 recombinant phages. Southern blot analysis : 
of cloned phage DNA indicated two groups of cDNA clones, 
probably corresponding to C41. and C52 sequences. One clone 
bearing the longest DNA insert of each group was chosen, and 
the cDNA was subcloned into the EcoRI site of pEMBLS8 (— ). 
The restriction map and sequencing strategy of the two clones 
is outlined in Fig. 1. Sequence analysis of p3F9-81 confirmed - 
that this clone was derived from a Cgl.bearing transcript ^ 














¥ "i € рі 
3F9-f1 
EcoRI Avail EcoRI 
ee. 
PEN ETT ENEMIES 

5 

or 
3F9-f2 

EcoRI Avali EcoRI 


dene 


Fig.1 Restriction site map and sequencing strategy. The 3F9 
cDNA library and the cDNA clones p3F9-81 and p3F9-B2 were 
produced according to standard procedures'*. Briefly, poly(A) 
RNA was isolated from 3F9 cells and reverse transcribed into 
cDNA. Double-stranded cDNA was generated with reverse tran- 
scriptase and Escherichia coli polymerase 1 by self priming of 
second-strand synthesis. The DNA was methylated with EcoRI 
methylase, treated with S, nuclease, ligated to EcoRI linkers, size 
selected and cloned into Agt11 (ref. 19). An oligonucleotide com- 
plementary to the C region of the B-chain (position 211-239) was 
synthesized using an Applied Biosystem 380A DNA synthesizer, 
32pjabelled with [3-"?PJATP and T, polynucleotide kinase and 
used to screen the 3F9 cDNA library for cross-hybridizing phage 
clones. The cDNA inserts were subcloned into the EcoRI site of 
pEMBLS (— ) (ref. 20) and subjected to DNA sequence analysis ?!. 


(sequence not shown), whereas p3F9-82 was derived from a 
C52-bearing transcript (Fig. 3b). 
^. Figure 2 shows the DNA sequence of the 5’ half of p3F9-81. 
We found a DNA sequence encoding the J51.1 gene segment 
‘upstream of the C,1 sequence. This Јв 1.1 sequence is preceded 
by a DNA sequence with an open reading frame. With two 
exceptions this sequence is identical to the known V, gene 
segment of the T-helper cell line LB2, specific for chicken red 
blood cells and H-2T? restricted'^. The p3F9-81 clone does not 
contain the 5' end of the corresponding messenger RNA because 
its sequence lacks the first seven amino acids of the mature 
B-chain and the hydrophobic leader sequence when compared 
‘with the LB2 cDNA sequence. Towards the 3’ end of the У, 
region, the p3F9-81 sequence shows two base differences from 
-the LB2 sequence. Both of these nucleotide changes alter the 
corresponding amino acids (Ala to Thr, and Leu to Ile); it is 
"possible that these are either allelic differences between 3F9 
(BALB/c) and LB2 (C57BL/6) or somatic mutations that have 
arisen. during T-cell development. The V4 gene in LB2 is 
expressed with J,2.3 and C,2 and it is likely that a D gene 
segment has been inserted between V, and J,2.3. A DNA 
sequence corresponding to the D gene segment of LB2 is missing 
in p3F9-B1. This implies that the V4 gene in 3F9 has joined 
directly to the J51.1 gene segment or that the Dg gene segment 
has been deleted during a Ув to Dg-J, joining event. 
- To confirm the absence of a D gene segment in 3F9, we 
_ determined the 3' end of the Va gene by comparing it with a 
germline Ул gene. A genomic unrearranged Уз gene had pre- 
viously been cloned from B10.A liver DNA*. This germline Vg 
gene is homologous at its 3' end with the V4 gene found in 3F9 
and LB2 (Fig. 2). The last 17 nucleotides of the 2B4.71 germline 
V-region gene are identical to the sequence immediately preced- 
ing the J41.1 gene segment in p3F9-81. The 2B4.71 coding 
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sequence ends with CTG (coding for Leu) and is followed by 
the conserved heptamer CACAGCA thought to be involved in 
V-(D)-J joining. 

Comparison of the 3' end of the 2B4.71 germline gene with 
the cDNA sequence of p3F9-81 and LB2 implies that the 3’ 
end of the V gene in p3F9-81 is represented by the triplet CTA 
(coding for Leu) and in LB2 by the triplet ATA (coding for 
Ile). From this we conclude that the same V, gene can be used 
by T cells with different antigen specificities and different effector 
functions. In the allospecific killer T cells 3F9, the Ув gene is 
rearranged and transcribed as a V5-J51.1- Cg1 unit without a 
D gene segment between the Va and J,1.1 gene segment. In 
the chicken red blood cell-specific T-helper cell LB2, the same 
Уз gene has been rearranged and is transcribed as a Vg-D- 
J52.3- C32 unit. Together with an earlier report'^ of a human 
cDNA molecule lacking a D gene segment inserted between V 
and J gene segments, this confirms the notion that diversity of 
the B-chain of the T-cell receptor can be created by insertion 
of none, one or more D gene segment(s) between the V4 and 
a Jg gene segment of the J,1 or J52 gene cluster. 

Our work shows that cytotoxic and helper T cells draw. Vg 
genes from the same gene pool, although cytotoxic T cells are 
restricted by class I antigens of the major histocompatibility 
complex (MHC), whereas helper T cells recognize MHC class 
II molecules. If the V, gene pool is also shared between cytotoxic 
and helper T cells, it becomes difficult to explain strict MHC 
class I versus class II restricted recognition of antigen by the 
af heterodimer alone. In this light it is interesting that a third 
T-cell-specific molecule (the y-chain) has been identified". This 
y-chain is predominantly expressed in cytotoxic T cells and it 
is thought to be part of a second receptor in cytotoxic T lym- 
phocytes involved in recognition of MHC class I molecules. 
Alternatively, the distinction between class I and class II 
molecules could be made by the a-chain of a single receptor. 
In this case, V, gene of cytotoxic and helper T cells should be 
derived from two different V, gene pools. 

Figure 3 shows part of the DNA sequence of p3F9-82. The 
sequence corresponding to the 3' end of the cDNA molecule is 
identical to the 3’ untranslated sequence of the C52 gene-so far 
sequenced. The 5' end of the molcule has an open reading frame 
of 42 nucleotides (as far as the cDNA molecule extends) which 
leads into the start of the C42 gene. The nucleotide sequence 
upstream of the C52 gene is not the same as one of the J,2 
gene segments normally found in this position. However, it is 
almost the same as a sequence detected upstream of the Dg2.1 
gene segment (at the 5’ end of the Јв2 gene cluster)? 

Figure 3 shows the sequence comparison of the 5' end of 
p3F9-B2 and the genomic DNA sequence found 50-90 nucleo- 
tides upstream of the D,2.1 gene segment. The end of this 
homologous stretch of DNA is characterized by a consensus 
sequence of a donor site for RNA splicing. The p3F9-82 cDNA 
is derived from a mRNA that may have arisen by splicing a 
RNA transcript from this genomic DNA sequence directly to 
the C52 coding sequence. This means that the normal donor 
sites for RNA splicing which are present at the 3' ends of the 
various J42 gene segments have been omitted. The reasons for 
this aberrant RNA splicing are not clear; however, Southern 
blot analysis of genomic 3F9 DNA indicates that DNA deletions 
have occurred near the J52 region (M. Schilham, В. Lang and 
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Fig. 2 Sequence of p3F9-81. The V,, 1.1 
and the beginning of the C51 sequence of p3F9- 
Ві is shown and compared with the corre- 
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3F9-81 GAATTCCCCCAAATTCCTGATTGGTCAGGAAGGGCAAAAACTGACCTTGAAATGTCAACAGAATTTCAATCATGATACAATGTACTGOTACCOACAGGAT 
LBZ 09 
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sponding sequence of LB2 (ref. 14). The first 3F9-61  TCAGGGAAAGGATTGAGACTGATCTACTATTCAATAACTGAAAACGATCTTCAARAAGGCGATCTATCTGAAGGCTATGATGCGTCTCGAGAGARAGAAGT 
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seven nucleotides are derived from the EcoRI 
linker. Identical nucleotides are indicated by 


d ashes The germline ( liv er) gene 2B4.71 is 3F9-8!  CATCTTTTTCTCTCACTGTGACATCTGCCCAGAAGAACGAGATGGCCGTTTTTCTCTOTGCCAGCAGTCT] 
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shown to determine the V/D boundary of 
p3F9-81 (ref. 8). The conserved heptamer fol- 
lowing the coding region of the germline Va 


gene is underlined. кос T в 
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germ-line 284.71 ...-АС----------------— COACAGCATTGAAATGTGCATTOTCTCO 


















Fig.3 Sequence of p3F9-82.a,The5’terminal 4 
= Sequence and the beginning of the C,2 

séquence are shown and compared with the 
germline sequence’! of C,2 and a DNA 
sequence 5' to the 032.1 gene segment". The 
conserved nonamer preceding the D42.1 gene 
segment is boxed. The sequence found in the 
cDNA plasmid p3F9-82 is indicated by a line. b 
b, The 3' terminal sequence of two cDNAs and 
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R.J., unpublished observations). Therefore, it is possible that 
the J,2 gene cluster has been deleted and a RNA transcript 
starting upstream of this deletion is now differently spliced. This 
finding implies that a promoter activity should be present 5’ of 
the Jz gene region. Similar cDNA molecules have been isolated 
from other T cells, but the cDNA molecules from other T cells 
contain Jz sequences 5’ of their respective Се sequences'^!6. 

p3F9-B2 contains a long tail of A residues at its 3’ end. 
Therefore, we could determine the position of poly(A) addition 
in the primary transcript. Figure 3b compares the 3' ends of two 
different cDNA molecules both derived from a 82 mRNA with 
the corresponding genomic C52 gene!?!!, Although both tran- 
scripts are identical in the heteropolymeric region of the 3' end, 
the site where polyadenylation begins varies by four to six 
, nucleotides. If this does not result from allelic differences in the 
27 3" untranslated regions of 3F9 (BALB/c) and 2B4.71 (B10.A), 
| then this comparison indicates that the exact position of poly- 
|; adenylation is not determined on different transcripts even of 
"the same gene. 

We thank Dr Martin Billeter for helpful discussions and 
comments, Jolanda Brecher for technical assistance and Béatrice 
Borter and Rosina Caprez for preparation of the manuscript. 
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GAATTCCCCTCTCTGCCACCTGGTCTCCCTGCCCCTGCCCACGCTCTG GAGGATCTGAGAAATGTGACTCCACCCAAGGTCTCCTTOTTT | ; 


+ +» -AGTTATCAGCARAATACTAATTCCACCTCTCTT TAC TTTCCAGAGGA TCTGAGARA 





-CCTCTCTGCCACCTG "TCTCCCTGCCCCTGCC АСССТОТССССТАСОСАССТСТССССААСАААВ TER TTTCIRTCACGATGE. 5 


+» CTÜTGAAACAGACTAAATCAATAAAAACATGGAGTTAACCTGGTTGTGTCT.., 


This work was supported by grant 3.765-0.80 of the Schweizeris- < 
cher Nationalfond to R.J. and grant 3.329-0.82 to H.H. 


Received 26 February; accepted 24 April 1985, 


Acuto, O. et al. Cell 34, 717-726 (1983). 

‚ Kappler, J., Kubo, R., Haskins, K., White, J. & Marrack, P. Cell 34, 727-737 (1983). 

- Mcintyre, B. W. & Allison, J. P. Cell 34, 739-746 (1983). 

Haskins, К. et al. J. exp. Med. 157, 1149-1169 (1983). А 

Meuer, S. C. et al. J. exp. Med, 157, 705-719 (1983). RS 

Hedrick, S. M., Cohen, D. I, Nielsen, E. A. & Davis, M. M. Nature 308, 149-158 1984). 

Yanagi, Y. et al. Nature 308, 145-149 (1984). Er 

- Chien, Y., Gascoigne, N. R. f., Kavaler, J., Lee, №. E. & Davis, M. M. Nature 309, 322-326 

(1984). 

. Siu, G. et al. Cell 37, 393-401 (1984). 

Malissen, M. et al. Cell 37, 1101-1110 (1984). 

- Gascoigne, N. К. J., Chien, Y., Becker, D. M., Kavaler, J, & Davis, M. M. Nature 310; 

387-391 (1984). 

12. Siu, G. er al Nature 311, 344-350 (1984). 

13. Joho, R., Nottenberg, C., Cofiman, R. L. & Weissman, 1. L. Curr. Topics dev, Biol 18, 15-58 
(1983). 

14. Patten, P. et al. Nature 312, 40-46 (1984). 

15. Acha-Orbea, H., Zinkernagel, К. M. & Hengartner, M. Eur. J. Immun. 15, 31-36 (1985). 

16. Yoshikai, Y. et al. Nature 312, 521-524 (1984). 

17. Kranz, D. M. et al. Nature 313, 752-755 (1985). 

18. Maniatis, T., Fritsch, E. F. & Sambrook, J. Molecular Cloning, A Laboratory Manual (Cold 
Spring Harbor Laboratory, New York, 1982). 

19. Young, R. A. & Davis, К. №. Proc. natn, Acad. Sci. U.S.A. 80, 1194-1198 (1983). 

20, Dente, L., Cesareni, G. & Cortese, R. Nucleic Acids Res. 11, 1645-1653 (1983). 

21. Maxam, A. & Gilbert, W. Meth. Enzym. 65, 499-560 (1980). 


ома рым 


Г 
=o% 





Detection and sequence of mutations 
in the factor VIII gene of haemophiliacs 


Jane Gitschier, William I. Wood, 

Edward С. D. Tuddenham*, Marc A. Shumant, 
^. Therese M. Goralka, Ellson Y. Chen 

©- & Richard M. Lawn 


Genentech, Inc., 460 Point San Bruno Boulevard, 

South San Francisco, California 94080, USA 

* Haemophilia Centre, Academic Department of Haematology, 
Royal Free Hospital School. of Medicine, London NW3 206, UK 
27 t Hematology Section, Cancer Research Institute, University of 
"California, San Francisco, California 94143, USA 





The most common inherited bleeding disorder in man, haemophilia 
A, is caused by defect in factor VIII, a component in the blood 
coagulation pathway. The X-chromosome-linked disease almost 
certainly stems from a heterogeneous collection of genetic lesions. 
Because, without proper treatment, haemophilia can be a fatal 
disease, new mutations are necessary to account for its constant 
frequency in the population'. In addition, haemophilia A displays 
а wide range of severity, and some 15% of haemophiliacs generate 
high levels of antibodies against factor VIII (‘inhibitor patients’). 
The. present work elucidates the molecular genetic basis of 
; haemophilia in some individuals. Using the recently cloned factor 
УШ gene as а probe?^, we have identified two different nonsense 
_. point mutations in the factor УШ gene of haemophiliacs, as well 
. as two different partial deletions of the gene. Our survey of 92 
_ haemophiliacs indicates no firm correlation between antibody 
inhibitor) production and gross gene defects. 


In an initial study involving 36 haemophilia patients, DNA 
samples were digested and analysed by Southern blot hybridiz- 
ation to the cloned factor VIII gene. Each DNA sample was - 
digested with 4-11 restriction enzymes to search for variant 
hybridization patterns. One result of this endeavour has been 
the discovery of a common restriction fragment length poly- 
morphism with Bell which allows the tracking of specific X 
chromosomes in many families. The use of this factor VIII DNA 
polymorphism in gene localization and prenatal diagnosis is 
reported elsewhere*. The restriction enzyme Taqi proved par- 
ticularly useful for revealing. differences in the DNA of 
individual haemophiliacs. This result is not surprising, because 
the recognition sequence for Tagl contains the CpG dimer; 
Which is the major site of methylation of human DNA. CpG 
dimers are probably mutation hot spots because of subsequent: 
deamination of methylcytosine to thymidine, resulting in C to. — 
T transitions’. The location of the affected restriction enzyme ' 
sites and the sequence of the factor VIII gene? alerted us to the 
possibility of in-frame stop codon mutations generated by C to 
T transitions in the TagI sequence. Five of the seven TagI sites ` 
in exons of the factor VIII gene can be converted to nonsense 
mutations by such a mechanism. We therefore concentrated on 
the screening of 92 haemophilic DNA samples with Тад1. (The 
restriction enzyme MspI also contains CpG in its recognition 
sequence, but no variant hybridizing bands were found in 20 
samples.) Case-specific Taql site mutations were discovered in 
the DNA of four severe haemophiliacs (none of these four: 
patients has any detectable factor VIII activity). : 

Figure 1 shows a representative Southern blot of 11 DNA 
samples digested with Tag1 and probed with the 9-kilobase (kb) 
cloned factor VIII complementary DNA. Distinct variant frag- 
ments can be seen in haemophilic patients H2 and H6. The 
Tagl site change in patient H2 was mapped to exon 24 of the 
26 exons comprising the human factor VIII gene®. A hybridiz- 












ation probe containing only exons 21-26 simplifies the band 
pattern and was subsequently used in the analysis of DNA from 
haemophiliac H2 and members of his family (Fig. 2a). Absence 
of the Taq] site in exon 24 produces a 4.2-kb hybridizing band 
found only in patient H2. His mother as well as his father, sister 
and two brothers display the normal 1.4- and 2.8-kb fragments, 
but not the 4.2-kb fragment, suggesting that this new mutation 
“occurred in the X chromosome of individual H2, a result con- 
sistent with the lack of previous haemophilia in this family. 

A region of H2 DNA which includes this mutation was cloned 
into bacteriophage A, and exon 24 was sequenced. The DNA 
sequence was identical to that of normal DNA analysed pre- 
viously”, except that the Taq] site had changed from TCGA to 
TTGA in the H2 DNA. This mutation generates an in-frame 
stop codon in the factor VIII gene 124 amino acids before the 
normal chain termination. Because this mutation was found in 
only 1 case out of 92 haemophilic and 80 non-haemophilic X 
chromosomes examined, and because it first appeared in the 
only affected member of this family, we propose that this non- 
sense mutation is likely to be the cause of haemophilia in this 
individual. In addition to having a new haemophilia mutation, 
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Fig. 1 Southern blot of haemophilia DNA samples showing two 
variations with the enzyme Tagl. The blot was hybridized to the 
full-length factor VIII probe (9.0-kb Clal/Sstil fragment of 
pSAT.8cl; ref. 2) which contains all coding sequences and the 
3-untranslated region. Each hybridizing band corresponds to at 
least one exon; band sizes in kb are shown in parentheses. The 
lanes containing the haemophiliac samples are indicated by a 
number preceded by the letter H. The control lanes labelled AL-7 
and 4X contain. DNA prepared from cell lines which served as a 
source of the factor VIII mRNA and factor VIII genomic clones, 
respectively^?. Lane S contains "P-end-labelled HirndllI-digested 
A DNA and Haelll-digested X174 DNA as standards. The 
diagram shows the location of. Tagl sites (T) in exons (indicated 
by a lower T) and introns of the factor VIII gene. The intron areas 
indicated by hatchmarks аге not mapped with respect to Tagl sites 
as they are not detected by the factor VIII cDNA probe. Bands 
predicted to correspond to exons 5-6 and 12 were not detected in 
the blot shown; tlie size of the fragment corresponding to exon 10 
is uncertain. 

Methods. Genomic DNA (5 ug), prepared either from peripheral 
blood lymphocytes of haemophiliacs or from cell lines, was elec- 
trophoresed and blotted onto a nitrocellulose filter. The filter was 
hybridized to calf thymus primed ?P-labelled probe in 50% for- 
mamide at 42 °C overnight and washed at 60 °C in 0.2XSSC before 

autoradiography’ t". 
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Fig.2 Analysis of the factor VIII gene of patient H2 and patient 
H22. a, A Southern blot of DNA from patient H2 and his family 
members was probed with a cDNA 783-bp Apal/ EcoRI fragment 
that includes all of exons 22-25 and parts of exons 21 and 26. 
Lanes H (haemophiliac), 1, 2, 3, 4 and 5 correspond to family 
members in the accompanying pedigree [0), normal male; W, 
haemophiliac male; O, normal female; C, carrier female (not 
present on this particular pedigree)]. The diagram below the 
pedigree indicates with an asterisk the location of the missing Taql 
site in exon 24. Below this is shown the sequence of normal DNA? 
and the changed base in H2 DNA that results in the loss of a Taq! 
site, the generation of a HindIII site (verified by a Southern blot, 
data not shown), and the occurrence of an in-frame stop codon 
TGA. The nucleotide number to the left follows ref. 2. b, A Southern 
blot of Tagl-digested DNA from patient H22, his mother and 
brother was probed with a 1.9-kb EcoRI cDNA fragment (from 
clone А 10.3) that includes almost all of exon 26 (ref. 2). The mother 
(lane 1) has the normal 2.8-kb Taqi allele as well as the variant 
12.0-kb allele, which she shares with her two haemophilic sons. 
The Taq! site that is missing in H22 DNA, and the normal DNA 
sequence and the altered nucleotide in H22 are indicated. 

Methods. Blot hybridization was performed as described in Fig. 1 
legend. For sequence analysis, DNA from patient H2 was prepara- 
tively digested with BamHI. A 15-kb region, known to contain 
exon 24, was gel isolated and cloned into bacteriophage vector 
Charon 30 (ref. 11). An exon 24-containing 600-bp Haelll fragment 
of the resulting A clone was subcloned into M13 and sequenced 
by dideoxy-chain termination procedures. The C to T transition is 
the only difference found between the normal and H2 sequence. 
Similarly, for patient H22, a 5.3-kb BamHI fragment was cloned 
into vector Charon 30. A 1.6-kb Sstl/ BamHI fragment from this 
cloned DNA was then subcloned into M13 for sequencing from 
the 55:1 site for ~600 bp to read through the Tagl and EcoRI sites. 
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H2 is also a significant case because the patient, a severe 
haemophiliac with <1% factor VIII activity, has developed an 
extremely high titre of anti-factor VIII antibody (8,000 Bethesda 
units). 

A different premature termination mutation was found in 
© patient H22. The Тад site normally found in exon 26 has been 
_. lost, leading to the replacement of the normal 2.8-kb hybridizing 
- band with a 12-kb band (Fig. 2b). Haemophiliac H22 and his 
- "haemophilic brother (Fig. 2b, lanes Н and 2, respectively) dis- 

play the 12-kb fragment, while DNA from their mother (lane 
1), who is a carrier of haemophilia, contains the affected X 
chromosome with the 12-kb fragment, and a normal X chromo- 
some. with the. 8-kb fragment. Cloning of H22 DNA and 
sequence analys demonstrated a TCGA to TTGA transition 
in exon 26, again generating an in-frame stop 
we propose to be the basis of this haemophilia. 
s sequence predicts the synthesis of a protein only 
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a z 26 amino: acids shorter than normal factor VIII, such a truncated 
e protein may well be inactive. The absent portion of the molecule 
. s contained in one of the active subunits (relative molecular 


mass 80,000) of the mature protein and includes a cysteine 
residue which is conserved in the duplicated C domains?" and 
which may be important for the stability or active conformation 
of the protein. (Although patient H22 is a severe haemophiliac, 
he does not produce antibodies against factor VIII.) 

In the case of patient H6, the missing Тад1 site is located 
within an intron, about 400 base pairs (bp) 3' to exon 2 and 
2,000 bp 5' to exon 3. Figure 3a illustrates the inheritance of 
this mutation in the H6 family. The normal Тад fragments of 
‚1.5 and 8.0 kb detected using a subgenic probe are replaced by 
|... a 9.5-kb fragment in H6 DNA. The haemophiliac’s mother (Fig. 


3 ‚За, lane 1) is an obligate carrier of haemophilia because her 


father (and four uncles) was a haemophiliac. The carrier status 
of the haemophiliac's sister and her two daughters (Fig. 3a, 
lanes 4-6) was unknown before this experiment. The results 
from this Southern blot indicate that the sister and one niece 
are carriers of haemophilia, whereas the other niece is not. We 
believe this to be the first carrier detection of haemophilia A 
made by DNA diagnosis using a probe within the factor VIII 
gene. The H6 DNA surrounding the missing Taql site was 
cloned and sequenced and, again, a TCGA to TTGA transition 
in the Tagl site was found. This mutation does not create a 
sequence resembling consensus splice donor or acceptor sites??, 
and is not located near the intron-exon borders. Thus, it is not 
apparent whether this sequence change leads to aberrant RNA 
splicing, and therefore whether it is directly responsible for the 
disease in this family. 

The final variant involves а new Taqi site in haemophiliac 
H40 DNA. The site of mutation is in the last intron of the factor 
VIII gene, —20 kb 3' of exon 25 and 1.7 kb 5' of exon 26. A 
TCAA to TCGA change creates the new Taqi site. Sequence 
analysis of this intron also revealed a second difference when 
compared with the sequence of our previously isolated genomic 
clones’. A T to C transition appears 22 nucleotides 5’ to the 
Taql site mutation. We do not know whether this particular 
T-C variation is common among individuals. However, both of 
these sequence changes occur in a region homologous to the 
Alu family of interspersed repetitive DNA?. Furthermore, there 
is no obvious connection between these sequence anomalies in 
the H40 family and the disease; no consensus splice sites are 

created by these changes. 

** To summarize the Tagl survey, we have identified four 
independent Тад site mutations in the factor VIII genes of 
haemophiliacs. Three of these involve the loss of a Taqi site 
(two of these changes are in exons) and one involves the 
introduction of a Tagl site in an intron. In addition to the 92 
haemophilic DNA samples examined with Tagl, 80 normal 
(non-haemophilic) chromosomes have been screened by 
hybridization of Southern blots of Tagl-digested DNA with a 
«full-length factor VIII probe. Of those 172 chromosomes, only 
(tbe 4 Taq! site mutations have been observed, suggesting that 
each one is a rare variant (<0.6%). 





We propose that the in-frame stop codons found in exon 24 
of the factor VIII gene in patient H2 and in exon 26 in Н22а 
the cause of haemophilia A in these families. Additional muta 
tions cannot be ruled out, however. The phenotype could be 
due to inactivity or instability of the truncated protein or an 
effect of premature termination on the stability of the messenger 
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Fig. 3 Analysis of the factor VIII gene of patients H6 DNA and 
H40. a, A Southern blot of TaglI-digested DNAs from patient H6 
(H) and his family members was probed with 347-bp EcoRI cDNA 
fragment that includes only exons 2, 3 and 4 (ref. 2). The question 
marks on the pedigree indicate that before this experiment the 
carrier status of 4, 5 arid 6 was unknown. The diagram below the 
pedigree shows the location of the Tagl site (T*) 3' of exon 2 that 
is absent in the DNA of patient H6. Also shown is the sequence 
of normal DNA and the C to T change in the sequenced H6 DNA. 
b, A Southern blot of TagI-digested DNA from patient H40, his 
aunt and two cousins was hybridized to а **P-labelled 500-bp 
SstI/ EcoRI genomic fragment prepared from cosmid clone p613 
(ref. 3). The unusual Tagl site in H40 DNA was mapped to an 
intron 1.7 КЬ 5' of exon 26, as shown by T* in the schematic 
diagram. The 1.8-kb Tagl fragment is present in DNA samples 
from the haemophiliac and the aunt, who also has one normal 
allele, but is not found in DNA from the female cousins. 

Methods. From the H6 DNA, the appropriate 7.0-kb BclI fragment 
was prepared and cloned into BamHI arms of the Charon 30 
vector. А 600-bp EcoRi/ KpnI fragment from this H6 A clone, as 
well as the corresponding normal fragment from cosmid clone 
p624 (ref. 3), were subcloned into M13 and sequenced by dideoxy- 
chain termination metkods. The C to T change in the Taq] site 
was the only difference in sequence between these two samples. 
From patient H40, Bar HI-digested DNA was preparatively run 
on a gel, and a 5.3-kb region, known to contain the new Tagl site, 
was isolated and cloned into Charon 30 vector. From this A clone, 
а LO-kb SstI/Smal fragment was isolated, and along with the 
analogous normal fragment, a 1.0-kb Sstl/Smal fragment from 
cosmid clone p613 (ref. 3), was cloned into M13 and sequenced. 
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Fig. 4 Map of the deletions in the factor VIII genes of patients 
H51 and H96. a, A Southern blot of Rsal-digested genomic DNA 
from a number of haemophiliacs, including H51, was hybridized 
with the full-length factor. VIII probe. A 3.0-kb Rsal fragment 
present in all other haemophilic samples tested is absent in H51 
DNA (only one non-deletion DNA, H50, is shown). To map the 
H51 deletion, three single-copy genomic fragments were prepared 
from а cosmid clone p625, which extends 37 kb beyond the 3’ end 
of the factor VIII gene. In addition, two genomic fragments 5' of 
exon 26 were used. The extent of the 21.9-kb deletion in Н51 DNA 
is shown below the diagram of the 3' portion of the factor VIII 
gene. Due to the presence of repetitive DNA near the deletion 
boundaries, there is an uncertainty of ~2 kb in the precise deletion 
end points. b, A Southern blot of SstI-digested haemophilic DNAs 
similarly revealed that H96 DNA lacks an 8.3-kb fragment that is 
present in every other sample tested. The 39.0-kb deletion in H96 
was mapped using one cDNA and three cloned genomic fragments 
from A114, A482 and p542 (refs 2, 3). 


RNA. Neither patient H2 or H22 possesses detectable levels of 
factor VIII activity. (It has not been possible to measure trun- 
‘cated protein immunologically, as patient H2 produces high 
vels of anti-factor VIII antibodies, and patient H22 receives 
requent infusions of factor VIII for treatment.) Eventual 
expression of these mutant genes in a heterologous cell system? 
may resolve these questions. 

— Finally, two cases of partial deletions of the factor VIII gene 

were detected in our survey. A Southern blot (Fig. 4) demon- 

strates that the DNA of patient H51 (a severe haemophiliac but 

“pot an inhibitor patient) lacks а 3.0-kb Rsal fragment, which 

contains exon 26. Similarly, a Southern blot of SstI-digested 

chaemophiliac DNAs indicates that the DNA from the severe 
haemophiliac H96, who produces antibodies (10-50 Bethesda 
units), lacks an 8.3-kb fragment that includes exons 23-25. The 

“extents of the H51 and H96 deletions were mapped by hybridiz- 
ing genomic Southern blots with a.series of cloned genomic 
probe fragments at the 3' end of the factor VIII gene. In H96 
DNA, the section missing from the factor VIII gene extends 
from 1 kb 3’ of exon 22 to 17.5 kb 5’ of exon 26, a total deletion 
of 39.0 kb. The deletion in. H51 DNA, totalling 21.9 kb, extends 
roughly from 1 КЬ 5' of exon 26 to 19 kb 3' of the end of the 
transcribed factor VIII gene. 

: The92 haemophilia A patients in this study can be categorized 
on the basis of their factor VIII activity as follows: 73 severe 
(<1% activity), 7 moderate (1-5% activity) and 12 mild (7596 
activity). Fourteen of the severe haemophiliacs.also produce 
inhibiting anti-factor УШ antibodies. All of the 92 DNA samples 

have been analysed with at least 2 restriction enzymes, while 





all 14 inhibitor patients were extensively examined with at least 
6 enzymes to ensure resolution of all 26 exons of the factor VIII 
gene. In contrast to the findings of Giannelli et al. 10 who 
reported deletions in the factor IX gene of four out of five 
haemophilia B inhibitor patients, we observed only one case of 
a deletion (H96) in the factor VIII genes of the 14 haemophilia 
A inhibitor patients tested. The only other patient with a deletion 
found in this survey, H51, does not produce antibodies. There- 
fore, the suggestion that there is a correlation between i 
presence of antibodies and a deletion of part of the gene? 
not borne out in the case of factor VIII. 
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The nucleotides immediately surrounding intron/exon junctions 
of genes transcribed by RNA polymerase B can be derived from 
*consensus' sequences for donor and acceptor splice sites by only 
а few base changes’. Studies in vivo have underlined the import- 
ance of these junction nucleotides for splicing”. In higher eukary- 
otes, no evidence has been found for specific internal intron sequen- 
ces involved in splicing?" '^. However, the recent discovery that, in 
vitro, introns are excised in a lariat form where the 5' end of the 
intron is joined via a 2'-5'-phosphodiester linkage to an A residue 
(branchpoint acceptor) close to the 3' end of the intron, suggests 
that internal intron sequences may nonetheless be important for 
splicing! ??. Indeed, in yeast nuclear genes, the internal sequence 
5'-TACTAAC-3' (or close homologue) is essential for splicing ín 
vivo!*5, A proposed consensus sequence for branchpoints in mam- 
malian introns is 5'-CT(A/G)A(C/T)-3' (refs 11, 16, 17). This 
sequence resembles the essential yeast internal sequence. Are 


branchpoints involved in the splicing of introns of higher eukary- - 


otes in vivo? We show here that a branchpoint sequence from a 
human globin gene (5-CTGACTCTCTCTG-3)" greatly 
enhances the efficiency of splicing of a ‘synthetic’ intron in HeLa 
cells. A mutated branchpoint sequence, 5-CTCCTCTCTCTG-3, 
in which the branchpoint acceptor nucleotide A has been deleted 
and the neighbouring purine G mutated to a C, does not exhibit 
this enhancing capability. We conclude that branchpoints have an 
important function in the splicing process іп vivo. 

We have described elsewhere the construction of synthetic 
splice sites designed to conform to the consensus sequences for 








Fig. 1 Transcription: units used to study 
splicing of synthetic introns. Dotted boxes rep- 
resent rabbit B-globin gene exons and solid 
boxes represent exon sequences of the splicing 
oligonucleotide as described elsewhere’. Thus, 
the 5' solid box represents the sequence 5'- 
GGATCCAG-3' гапа the 3' solid box the 
sequence S -AGATCT-3. The Bglll/ EcoRI 
fragment shown as a double line represents a 
~100-bp fragment of pBR328 (see ref. 7 for a 
full discussion). P, Pstl; B, BamHI; I, Ніна; 
L, Sall; X, Xbal; б, ВЕШ; E, EcoRI. Sequen- 
ces of synthetic introns described in the text are 
shown. Splice points are marked by arrows, and 
the invariant dinucleotides GT and AG present 
at the 5' an nds of introns, respectively, 
are underlined. Construction of pEP13, pEP16 
and pEP17 has been described elsewhere’. The 
‘Hpal/Alul fragment of the internal intron 
5s. sequence of pEP16 deleted to make рЕР17 is 

` «shown by horizontal arrows below the pEP16 
sequence. HindIH and Sall sites used to intro- 
duce the globin branchpoint sequence’! 5'- 
CTGACTCTCTCTG-3' or its mutated counter- 
part 5-CTCCTCTCTCTG-3' are shown (wavy 
underlining). The branchpoint acceptor nucleo- 
tide A used to make a 2'-5'-phosphodiester link- 
age with the G residue at the 5' end of the intron 
is shown by an asterisk in the pEP23 and pEP19 
sequences. 














Methods. To introduce the branchpoint sequence, chemically synthesized'* oligonucleotides. 5'AGCTTCTGACTCTCTCTG-3' and 5'- 
"TCGACAGAGAGAGTCAGA-3' (phosphorylated at their 5’ ends by treatment with ATP and polynucleotide kinase) were mixed in a 1:1 
ratio and ligated to a phosphatase-treated HindIII + SalI digest of pEP13. pEP23 generated in this manner was linearized with HindIII and 
` ligated to a HindIII fragment of SV40 DNA (bp 3,476-4,002, BBB numbering system'? to make pEP19. The same HindIII fragment is present ` 
in the same orientation in pEP16, pEP 19 and pEP22. It has been represented in a different fashion in pEP16 only to show the deletion used 
to generate pEP17. A similar strategy was used to construct pEP21 and pEP22. Drawings are not to scale. 


donor and acceptor splice sites and their expression in vivo as 
RNA from a B-globin gene vector’. This vector (pEP1, Fig. 2) 
contains a rabbit B-globin gene linked to simian virus (SV40) 
enhancer. In plasmids designed to express the synthetic splice 
sites, the BamHI/ EcoRI fragment of pEPI carrying the 
globin large intron and flanking exon/intron junctions was 
replaced by a BamHI/ EcoRI fragment carrying the synthetic 
donor (5-GGATCCAG'GTAAGCTT-3) and acceptor (5’- 
CTTTTTTCTAG' AGATCT-3’) splice sites separated by various 
synthetic introns. In pEP13, the synthetic splice sites are separ- 
` ated by an internal intron sequence derived from the bacterial 
plasmid pUCS (Fig. 1). In pEP16, a 526-base pair (bp) HindIII 
fragment from SV40 genomic DNA has been added to the 
internal intron sequences of pEP13 (Fig. 1). When introduced 
into HeLa cells by the calcium phosphate co-precipitation tech- 
nique, both of these plasmid constructions lead to a very small 


.. amount of cytoplasmic RNA in which the synthetic donor splice 


site has been correctly spliced to the synthetic acceptor splice 
site’. 

Deletion of some internal intron sequences from pEP16 
(arrows in Fig.1) generated pEP17 (Fig. 1). Much greater 
amounts of correctly spliced RNA were obtained from cells 
transfected with pEP17 than with either pEP13 or pEP16 (see 
Fig. 10 of ref. 7 and below). It seemed possible that pEP13 and 
pEP16 lacked a sequence capable of functioning efficiently as 
a branchpoint. The deletion used to generate pEP17 might have 
fortuitously positioned a branchpoint sequence at a suitable 
distance from the synthetic acceptor, thereby greatly increasing 
"splicing efficiency. A possible candidate for such a sequence is 
"the. pentanucleotide 5'-ТТААА-3' positioned 50 nucleotides 
. away from the acceptor splice site in pEP17 (within the 251-bp 
SV40- DNA segment (Fig. 1), but over 270 nucleotides away 
from the acceptor splice site in pEP16 (the sequences 5'-TTAAC- 
3’ and S-TTAAT-3' have been proposed as branchpoints!5). To 
test the hypothesis that pEP13 and pEP16 lack an efficient 
branchpoint sequence, we decided to introduce a known branch- 
|; point sequence into these plasmids and test its effect on splicing. 
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The HindIII/ Sall fragments in the internal intron sequences 
of pEP13 and рЕР16 were replaced by synthetic Hindlll/ Sall 
fragments carrying the identified branchpoint sequence (5'. 
CTGACTCTCTCTG-3’) of a human globin gene"! to generate 
pEP23 and pEP19, respectively (Fig. 1; рЕР16 and рЕР!9 . 
contain the same HindIII fragment in the same orientation), 
Each of these four plásmids and pEP17 was introduced by the 
calcium phosphate co-precipitation technique into HeLa cells 
together with pEP1 (to monitor the efficiency of the transfection). 
Cytoplasmic RNA was collected 72h later and used for S; 
nuclease mapping with a mixture of two 5'-end-labelled single- 
stranded DNA probes. One of these probes (probe A, Fig. 2) 
detects correctly spliced globin RNA derived from pEP1; this 
RNA will protect 54 nucleotides of probe A from S, nuclease 
digestion. The second probe (probe D, Fig. 2) is designed to 
detect RNA ‘derived from pEP13, рЕР16, pEP17, pEP19 ог. 
pEP23 in which both the small globin intron and the synthetic 
intron have been correctly removed by splicing. Such spliced” 
RNA will protect 325 nucleotides of probe D from S, nuclease 
digestion (Fig. 2). С 

Figure 3 shows that much less spliced RNA is obtained with: 
pEPI3 and pEPI6 than with pEPI7, confirming our previous - 
observations’. (We term spliced RNA, here and below, as ЕМА 
in which the synthetic donor site has been spliced to the synthetic - 
acceptor site. We have shown previously’ that when the synthetic © 
acceptor is not used for splicing to the synthetic donor, splicing 
of the latter to a cryptic splice site in the EcoRI/ ВЕПІ globin 
exon fragment occurs. This RNA cannot be detected using probe 
D.) Of the plasmids containing the globin branchpoint sequence, 
one (pEP23) yielded low levels of spliced RNA similar to those 
observed with pEP13 and рЕР16, while the other (pEP19) 
yielded much higher levels of spliced RNA, similar to those 
observed with pEP17. It is highly unlikely that these results are 
due to different transfection efficiencies, as in all cases, roughly 
similar amounts of globin RNA were produced from the co- 
transfected рЕРІ (as evidenced by the intensities of the ~54- 
nucleotide protected fragment in each lane of Fig. 3). 
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Fig. 2 Probes used for S, nuclease mapping. Symbols are as 
described in Fig. 1 legend. Construction of pEP1 and рЕР12 has 
been described elswhere’. Briefly, pEP1 contains a rabbit 8-globin 
gene linked to an SV40 enhancer. pEP12 represents a cDNA version 
of pEPI3 from which the synthetic intron sequence has been 
deleted using the enzymes BamHI and Xbal. For preparation of 
probe D, a PstI/ EcoRI fragment of pEPI2 was 5’-end labelled 
with [у-??Р]АТР and polynucleotide kinase, and strand-separated 
as described previously’. The strand labelled at the EcoRI terminus 
was isolated. RNA extracted from HeLa cells transfected with any 
of the plasmids pEP13-pEP23 in which both the small globin 
intron and the synthetic intron have been removed correctly will 
protect 325 nucleotides of probe D from nuclease S, digestion as 
shown (see ref. 7 for a more detailed discussion). For preparation 
of probe A, a Bam HI/ EcoRI fragment of pEP1 was 5'-end-labelled 
and strand-separated. The strand labelled at the EcoRI terminus 
was isolated. Globin RNA from рЕРІ will protect 54 nucleotides 
of this probe from nuclease S, digestion as shown. Drawings are 
not to scale, Cuts on the arrows indicate extents of probes protected 
by correctly spliced RNA. 


Introduction of a globin branchpoint sequence into the syn- 
thetic intron of pEP16 thus leads to a large increase in splicing 
efficiency. A similar effect is not seen for pEP23, perhaps because 
"in this plasmid the branchpoint acceptor nucleotide A of the 
sequence 5-CTGACTCTCTCTG-3' is too close to the 5' end of 
the intron (only 11 nucleotides away). However, there are clearly 
other differences between pEP19 and pEP23 (for instance intron 
size) which could explain the reduced splicing efficiency 
observed with the latter construction. We also show in Fig. 3 
results obtained with pEP18, a version of pEP23 containing a 
branchpoint of the form 5'-СТСАТСТСТСТС-3' and thus carry- 
ing a single-nucleotide deletion relative to the pEP23 branch- 
point. A low level of spliced RNA, similar to that seen with 
pEP23, was obtained with pEP18. If the significantly higher 
efficiency of splicing observed with pEP19 as compared with 
pEP16 is due to the presence of an efficient branchpoint sequence 
in the former, elimination of the branchpoint acceptor nucleo- 
tide A from the sequence 5 -СТСАСТСТСТСТС-3' present in 
pEP19 should greatly decrease splicing efficiency. The plasmid 
pEP22 contains the mutated branchpoint sequence 5'- 
CTCCTCTCTCTG-3' (Fig. 1). For the mutated branchpoint 
sequence, we chose to delete the branchpoint acceptor nucleo- 
tide A and to mutate the neighbouring G residue to a C, as, 
"although the branchpoint acceptor nucleotides identified to date 
are all A, it has not been demonstrated that a G cannot function 
as a branchpoint acceptor. We hypothesized that a pyrimidine 
would be less likely to. function in this way, and therefore 
mutated the G to a C. Levels of spliced RNA obtained with 
pEP22 were indeed low (Fig. 3), and comparable to those 
obtained with pEP13. As expected, pEP21, a version of pEP23 
with the mutated branchpoint sequence, also gave rise to the 
low level of spliced RNA apparently characteristic of construc- 
tions lacking an efficient branchpoint sequence. 

We have shown that introduction of a globin branchpoint 
sequence into a synthetic intron can greatly enhance splicing 
efficiency, thus demonstrating the importance of branchpoint 
sequences for splicing in vivo. We assume that the low levels of 
spliced RNA obtained with constructions such as pEPI3 and 
pEP16 reflect the use of an inefficient branchpoint, although it 
-has. not been shown that a branchpoint is essential for splicing. 





Markers 


Fig. 3 Effect of a globin branchpoint sequence on splicing of 
synthetic introns. Plasmids shown in Fig. 1 were mixed in a 4:1 
ratio with pEP1 and introduced into HeLa cells by the calcium 
phosphate co-precipitation procedure. Cytoplasmic RNA was iso- 
lated 72h later and 50 ре used for nuclease S, mapping with а 
thixture of probes A and D (Fig. 2). Protected fragments of probe 
were electrophoresed on an 8% polyacrylamide 7 M urea gel. Size 
markers аге from an Mspll digest of pBR322. Fragments of probe 
A protected by RNA from pEP1 are indicated by their size, ~54 
nucleotides. Fragments of probe D protected by RNA from pEP13- 
pEP23 are also indicated by their size, —325 nucleotides. Mock, 
mock-transfected HeLa cells. All experimental conditions were as 
described previously". 


The sequence features defining a branchpoint and its optimal 
position relative to an acceptor splice site are unknown. Plasmids 
such as pEP16 which lack an efficient branchpoint sequence 
should prove useful in this respect. 
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1687 and all that 


А. Rupert Hall 


Revolution in Science. By I. Bernard Cohen. 
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FOR a considerable period of time | vehicles of expression are different) revo- 
historians and philosophers, but not to.any | lutions in painting and music. A whole 
extent working scientists, have debated the | chapter is given to the German equivalents 
question: has the development of modern | of the romance noun ‘‘revolution’’ and 
science been steadily continuous, or has it | another to the common (though er- 
occurred by leaps and bounds with | roneous) dictum that Immanuel Kant 
essentially level passages in between? The | qualified his revolution in metaphysics as 
anonymous features that can be 
“counted — numbers of scientists 
or journals, expenditure on 
research — show a reasonably 
smooth (and mutually compar- 
able) exponential increase; but 
at the other extreme, selecting 
individuals, there is a universal 
belief that some have achieved far 
more than others. We speak of 
bosons and fermions, of amps 
and volts, of Newtonian mecha- 
nics and Mendelian genetics, and 
so.in the ordinary discourse of 
science honour one name in a 
generation while forgetting all the 
others. Few doubt that despite 
the regularity of statistics the 
scientific papers of a Freud or an 
Einstein have meant more than 
the publications of many comp- | 
etent professional scientists. 
Moreover, the sense of singu- . 
larity attaches to movements 
and institutions as well as to 
individuals: to the group of 
theoretical astronomers begin- 
ning with Copernicus and ending 
with Newton; to the Cavendish 
laboratory in the early part of this 
century; to the group of French 
chemists headed by Lavoisier 
who produced the Méthode de 
Nomenclature Chymique of 
1787. There are networks of peo- 
ple who have collectively, so to 
speak, brought a given piece of 
science to the boil, and institu- 
tions that have maintained ebulli- 
tion for a generation. 

Boiling is clearly a different - 
phenomenon from the slow and steady rise | ‘“Copernican’’ (Kant incidentally used the 
of temperature preceding it. Twenty odd | word ‘‘revolution’’ on 57 occasions and a 
years ago Thomas S. Kuhn generalized an | German synonym such as “Umlauf” on 
alternation of steady and revolutionary | 
states in the history of the different ; 
branches of science into a normal, indeed | 
perpetual feature of science, at least for the 
“modern” epoch. Now his neighbour in 
Cambridge, Massachusetts, I. Bernard 
Cohen, has perfected a spacious study of 
the whole idea of revolution. Revolutions 
of the hours, of the planets, of states, of 
politics, of philosophy, are all gathered 

nto his net but not-(perhaps because the 
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revolution" and its appropriateness in 
historiography are discussed in one 
chapter, the question of whether Alfred 
Wegener effected a revolution in the earth 
sciences in another. It is clear, eve» from 
these few examples, that the various 
chapters of the book are not on all fours 
with one another: some seem to be much 
concerned with /anguage (as employed in 
exposition or apologia, in history or in 





Astronomy as metaphor — political structures represented as a cosmos in 
the “Astronomical System of the French Revolution ” (c. 1790). Nation, 
law and king replace the Sun at the centre of the system. (Reproduced 


philosophy), others with judgement (con 
temporary or later) of the significance 0 
particular ideas or investigations. Bs 

It is hardly surprising that some great: 
scientists (Einstein is a prominent example) 
have preferred the evolutionary to thé 
revolutionary view of scientific progress,as 
Newton did too in his phrase about stand- 
ing on the shoulders of giants, or that the 
idea of successions of revolutions in the 
sciences has commended itself more to 
historians, philosophers, sociologists and 
journalists than to the more modest of the. 
innovators themselves. Again, Cohen: 
documents learnedly the truth of the fairly: 
obvious expectation that falk of revo 
lutions in science has tended to. 
become more usual as the fact.of 
political revolution has become: 
more common and traces the. 
increasing frequency of political 
metaphor in the discourse of 
science itself. (The vivid case оѓ: 
the great cell pathologist and 
political activist Rudolf Virchow 
has been recently analysed by. 
Renato Mazzolini.) Any sugges 
tion, however, of a direct con 
nection between sociopolitical 
revolution and revolution іп: 
Science (considering, for exam 
ple, the simultaneity of the. 
special theory of relativity with 
the abortive Russian revolution 
in 1905) is surely to be regarded : 
with scepticism: the Soviet: 
Union, no mean exporter of. 
political revolution, has tended 
towards conservatism in the. 
wider issues of science, following 
the lead of Lenin. 

Bernard Cohen's monumental: 
scholarship makes evident in. 
overwhelming detail the curren- 
Cy, since the late seventeenth cen-: 
tury, of the notion that certain. 
discoveries or theories have 
“revolutionized” science. His 
choice of examples is wide both in: 
time and in topic: in sheer variety 
of riches this book has few 
parallels. From John Freind's af- 
firming Harveian influence upon: 
the treatment of amputations to 
the astronomical system of the 
French Revolution, it embracesa 
wealth of intriguing curiosities 





| Broadly, however, biology suffers in com 
; parison with the physical sciences: the 
| rames of Schleiden and Schwann occur 


108!). The history of the phrase ‘‘industrial | 


only in a quotation from Friedrich Engels. 
The late-nineteenth and twentieth century 
revolution in the medical sciences is silently 
passed over. 

Not that one needs more examples, forit- 
might be said that Cohen has both opened 
and wrapped up the history of scientific 
revolutions. Of course, one may well 
dispute his assessment of some well-known 
historical episodes, about which Cohen 
himself seems not always fully consistent.. 
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Most curious is hisendorsement of the view 
(first stated by Derek Price in 1957) that 
Copernicus was no revolutionary. lt seems 
odd to minimize the cosmological and 
epistemological significance of Coper- 
nicus; if the Pythagoreans had long preced- 
ed him, Newton (with less occasion, we 
may think) allowed as much with respect to 
the theory of gravitation, for he thought 
that the Pythagoreans must have 
understood this also. No greater tribute 
could be paid to Copernicus than that im- 
plied in Newton’s conclusion to the first 
Scholium of Principia Mathematica 
(1687): I wrote the following treatise, he 
declared, with the object of elucidating 
true motions and causes in nature from 
apparent causes and effects, and conversely 
of elucidating causes and effects from both 
true and apparent motions. If Copernicus 
had not proposed this problem, who did? 

The Newtonian system without Coperni- 
cus as the first of the "'giants"' is indeed 
inconceivable. Bernard Cohen's difficulty 
arises from the perhaps inavoidable confu- 
-sion between the idea of revolution as the 
.work of an individual (Lenin, Lavoisier) 
гапа the idea of revolution as the fruition of 
a movement (bolshevism, pneumatic 
chemistry). Sometimes Cohen seems vir- 
‘tually to be defending the “great man" 
concept of change, or even (in his discus- 
sion of Wegener) the ‘‘neglected genius”. 
“More frequently, he seems to mark the 
great men on a scale of revolutionary ac- 
vity or fervour: thus Bacon’s great contri- 
bution to methodology ‘‘did not constitute 
‘revolution in science’; Gilbert **did not 
tablish a new science’’, unlike Galileo, 
а heroic figure of the Scientific Revolu- 
ion", although even ‘‘Galileo’s revolution 
‘was not complete’’. Descartes's revolution 
did not last'' and ‘‘it seems clear there was 
no Keplerian revolution in science before 
687". One remembers that Alfred was a 
"Good King. What is historically important 
15 an understanding of how the separate, 
even disparate, endeavours of individuals 
contemporaneous with each other or in 
quick succession, culminate in some par- 
ticularly noteworthy and well-founded 
shift in our vision of nature, for few 
historians believe that scientific revolu- 
tions are literally effected single-handed by 
a unique scientist, And so to me, for exam- 
le, it makes good sense to speak of a 
revolution in geology’’ between about 
.1790 and 1840, whereas talk of a **Lyellian 
revolution" would be unjustifiable. Or 
again, it is more constructive to consider 
the triumvirate Faraday-Maxwell-Hertz 
as a movement, than to try to weigh out the 
praise for innovation due to each. 

Like many large historical works, Ber- 
nard Cohen’s book excels as a quarry, 
rather than as a coherent argument. He is 
likely to have the last word for a long time 
tocome. a 
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Monograph 182. 
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1,373. $129.95 (North America), $155.95 
(elsewhere), 








UNTIL recently, the study of carcinogenesis 
has been largely correlative and pheno- 
menological. What does chemical A do to 
biological systems X, Y and Z? Does B doit 


| better and is it metabolized to C? What 


happens when you apply A before B, or B 
before A, or mix A and B together? And so 
forth. This approach has been very fruit- 
ful: we now know, for example, that most 
carcinogens are genotoxic and that most 
non-carcinogens are not; that many car- 


| cinogens are themselves electrophiles or are 


metabolized to electrophiles; that some 
substances ‘‘promote’’ tumours but do not 


| initiate them; that many carcinogens are 


organotropic; and that carcinogenesis is a 
multi-step process. Much of this infor- 


| mation was gathered together in the first 


edition of Chemical Carcinogens, publish- 
ed in 1976. 

The study of the mechanism of car- 
cinogenesis was transformed and became 


| at once both analytical and synthetic when 


two groups independently showed that 
NIH-3T3 cells could be transformed in 
vitro by transfection with DNA from a 


| human bladder tumour, and that a single 


base change within a proto-oncogene was 
in some cases sufficient to activate the on- 
cogene. There has followed a flood of 
research (which shows no sign of abating) 
which stresses theimportance of both point 
mutation and chromosomal rearrange- 
ment in the activation of proto-oncogenes. 
The idea that DNA is the critical target for 
carcinogens has thus gained support from 
two different streams: the older, painstak- 
ing, sometimes stumbling correlative ap- 
proach, and the rather more breezy and 
with-it analytical methods of cell biology 
and recombinant DNA technology. 

Nevertheless, ‘‘descriptive chemical car- 
cinogenesis" will not go away. We still 
need to know whether chemicals, new or 
already in use, are likely to becarcinogenic. 
In this light appears the second edition of 
the American Chemical Society's Chemical 
Carcinogens, which offers an expanded 
view of the descriptive approach embodied 
in the first edition. 

ACS Chemical Monographs are intend- 
ed to serve two main functions: (i) ‘Чо 
make available to chemists a thorough 
treatment of a selected area in form usable 
by persons working in more or less unre- 
lated fields to the end that they may corre- 
late their own work with a larger area of 
physical science"; and (ii) "to stimulate 
further research in the specific field 
treated’’. The first edition filled these roles 

























































admirably, not only for chemists, but also 
for a wider audience interested in chemical 
carcinogenesis. This second edition, in two 
well-indexed and richly-referenced volu- 
mes, is a valuable update and expansion: 
there are now 22 chapters (all by leading 
specialists in each field) instead of 16. 
Included are completely new chapters on 
cancer epidemiology, DNA-carcinogen- 
metabolite interactions, halogenated 
organic compounds, inorganic car- 
cinogens, environmental N-nitroso car- 
cinogens, triazenes, hydrazines, azo and 
azoxy compounds, aflatoxins, fusarial 


| mycotoxins, carcinogenic medicines, and 


the inhibition of chemical carcinogenesis. 
Other topics which were covered in 
separate contributions in the first edition 
(for example, metabolism of carcinogens, 
carcinogens in plants and micro- 


! organisms) are now spread over several. 


Although much of the core of the first 
edition remains (polynuclear aromatic hy- 
drocarbons; soots, tars and oils; aromatic 
amines and their epidemiology; laboratory 
hazards; alkylating agents; mineral fibres; 
N-nitroso compounds; bracken car- 
cinogens; carcinogens in food; bioassays 
and short-term tests) several important 
topics are omitted, such as tumour promo- 
tion and co-carcinogenesis, endocrine 
aspects of carcinogenesis and respiratory 
carcinogenesis. This is a pity, and it is fair 
to assume that the vagaries of deadlines 
and non-availability of authors dictated 
the final content. 

Much of the material consists of detailed 
and very helpful tabulations of carcinogens 
and descriptions of their metabolism and 
biological activity, with much emphasis on 
structure-activity relationships. Inatext of 
this size and scope there are bound to be 
some contributions which are more 
thorough or more readable than others and 
it is tempting to give each of them marks 
out of ten. Although I have resisted the 
urge I must nevertheless single out 
Lawley's contribution on carcinogenesis 
by alkylating agents as the chapter which 
gives the deepest and broadest view of 
chemical carcinogenesis as it stood іп 1981- 
1982. Viewing alkylating agents as ''ar- 
chetypal carcinogens’’, he provides us with 
a masterly, wide-ranging review, which in- 
cludes discussions of chemical reactivity, 
dose-response relationships, mechanisms 
of mutagenicity, short-term tests, DNA 
repair, models of carcinogenesis, 
alkylating agents and human cancer — 
and, as a final flourish, squeezes in (in a 
note added in proof) a short account of the 
first reports of activation of proto-onco- 
genes by point mutation. 

Orchestrating such an encyclopaedic 
text must have been an awesome task. The 
editor, Dr C.E. Searle, must be con- 
gratulated for producing such a useful revi- 


sion ofan already indispensable work. © 


S. Venitt isa member of the Section of Chemical 
Carcinogenesis, Institute of Cancer Research, 
Royal Cancer Hospital, Sutton, Surrey, 
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| This first printed edition of MIRDAB 
contains a total of 601 records of 
animal cells (general, genetic mutants 
and hybridomas), plant cells and 
animal viruses. The information is 
highly structured to provide specific 
and relevant data on the cell or virus, 
its source and availability and an entry 

' to the published scientific literature. 

Computerization of the data, witha 
view to future on-line availability 
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in mind the sorting rules which 
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Faulting the heavens 
David W. Hughes 








Under Newton's Shadow: Astronomical 
Practices in the Seventeenth Century. 
By Lesley Murdin. 

Adam Hilger: 1985. Рр. 152. £16.75, $26. 





WHAT was it like being an astronomer in 
the Newtonian age (1643-1727)? There is 
no easy answer to the question as there was 
in fact only one full-time professional and 
even he, the Reverend John Flamsteed, 
diverted himself with his parish at Burstow, 
instrument-making and tide tables. The re- 
mainder were scientific generalists who saw 
little reason to specialize and flitted from 
subject to subject apparently as the whim 
took them. Even Edmond Halley, pro- 
bably next in line for the astronomer ap- 
pelation, spent only a quarter of his time 
studying lunar motion, planetary transits, 
occultations, eclipses, southern stars, 
proper motion and comets. For the rest he 
enjoyed the pleasures of meteorology, geo- 
magnetism, physics, pure mathematics, 
and the editing and translating of ancient 
mathematical texts, not to mention his 
duties at various times as a captain in the 
Royal Navy, a diplomat and the deputy 
comptroller of the Chester Mint. 

The Newtonian age was a time of transi- 
tion. The pre-Civil-War concept of a 
magical and mystical world was tackled by 
men with a desire to avoid speculation and 
a preference for observation and the ac- 
cumulation of data. Aristotelian views of a 
changeless, perfect (and extremely boring) 
heaven crumbled with the invention and 
development of telescopic instruments. 
Astronomers were provided with a goal, 
the discovery of an easy method of finding 
the longitude of a ship at sea, and the 
government were even prepared to spend 
money to find an answer. In the new Royal 
Society the scientific generalists found an 
excellent means of exchanging ideas, 
meeting like-minded friends and 
publishing their results. The gap between 
amateur and professional astronomer was 
only just beginning to open up. Allthat was 
needed was a grammar school education, 
enthusiasm, a cheap refracting telescope, 
an altitude measurer and a clock. 

Lesley Murdin has tried to introduce us 
to the sort of men who found astronomy 
fascinating. The list is mercifully short — 
Flamsteed, a dozen or so university dons 
(for example Gregory, Halley, Hooke, 
Newton, Wallis, Ward, Whiston and 
Wren) who spent a fraction of their time 
with stars and planets, another dozen in- 
terested amateurs (among them Towneley, 
Derham, Pound, Gray and Moore) who 
had also to work for a living, and a final 
dozen ‘‘observatory ‘technicians’’ 
(Crosthwait, Denton, Leigh and Sharp, for 
instance). From this narrow base Murdin 
has drawn a series of sweeping conclusions. 
“The number of astronomers who never 
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married seems high and might suggest a 
general tendency to put work before rela- 
tionships.” Astronomers were indepen- 
dent thinkers and creative but generally 
had ‘‘an interest in objects rather than 
people" and ‘‘found difficulty in co- 
operating with others". They exhibited “а 
tendency to solitariness’’. 

At the end of the book I was left with a 
very sketchy idea of the motivation of 
astronomers as such, and of their specific 
problems of learning, observing, 
calculating, interrelating, publishing, 
teaching and instrument-making. Little is 





said about their standing in the communi- 
ty. Murdin has provided us with a readable 
gallop through the astronomical seven- 
teenth century but one which makes clear 
that much more work needs to be done in 
this field. Additionally, the lack of 
references is frustrating, often leaving the 
reader with no idea of the provenance of a 
quotation. An index that only lists proper 
names also hints at a job half done. 1 








David W. Hughes is Senior Lecturer in 
Astronomy.and Physics at the University of 
Sheffield. 





Diverse questions 
Elvin A. Kabat 


The Antibody Enigma. 

By Thomas J. Kindt and J. Donald 
Capra. . 

Plenum: 1984. Pp.270. $35, £33.25. 


A PERSON wishing to learn about the 
structural and genetic basis of antibody 
diversity and antibody specificity might 
well be overwhelmed by the literature. The 
Antibody Enigma is a good place to start 
to get to grips with the subject. 

The authors do not follow a strictly his- 
torical treatment but attempt to present the 
subject in the light of the working hypo- 
theses considered and discarded as new 
experimental data became available. As 
they state in the preface, “The Antibody 
Enigma is a somewhat personal view of the 
antibody diversity problem from two inves- 
tigators who have spent the past 18 months 
trying to penetrate the enigma’’. Presum- 
ably, much of this was done in face-to-face 
discussion, to formulate points of agree- 
ment and resolve differences. I wish I could 
have listened in. It would have been dif- 
ficult not to interrupt, however, for despite 
enormous progress this is an area which is 
still filled with differences of opinion, of 
interpretation, and of judgement about the 
relative weight to be given to the various 
mechanisms contributing to the vast re- 
pertoire of antibody combining sites. 

After defining the problem, the authors 
set down the serologists’ and biochemists’ 
approaches to it and their unique features. 
In subsequent chapters, they analyse 
**polar"', specifically the germ-line versus 
somatic mutation hypotheses, and the 
**maverick"' solutions (those based on data 
not in accord with either). This is follow- 
ed by discussion of the contributions of 
molecular biology and a final chapter en- 
titled ‘‘Antibody Diversity: A Contempo- 
rary Solution". Many key references are 
provided, but the authors often mention 
individuals by name with no reference and 
at many points i found it frustrating not to 
be able to pin down the source of some of 
the statements. 

In the preface, Kindt and Capra apolo- 
gize if they have ''offended anyone by 











omitting their own contribution. "'; given 
the vastness of the literature they may well 
have. In line with the general trend among 
molecular biologists who have established 
so many ways of generating antibody diver- 
sity that they no longer consider how much 
of this diversity is related to antibody com- 
plementarity, the authors do not deal with 
this question. More understandably, there 
is no hint of the ferment of activity conse- 
quent upon the cloning and sequencing of 
the T-cell receptor (the book was in press 
when all the excitement began). But clear- 
ly this is a volume that should be read by 
individuals wishing to enter the field. [Л 


Elvin A Kabat ıs Higgins Professor of 
Microbiology and Professor of Human Genetics 
and Development at Columbia University. 
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Growing analysis 
Bernard Wood 


Size and Scaling in Primate Biology. 
Edited by William L. Jungers. 
Plenum: 1985. Pp.491. $69.50, £66. 


THIS book 1s about allometry, which, in 
both the literal and the metaphorical sense, 
is a growth area. Literally, because it is the 
study of the effects of an increase in the size 
of organisms on their shape. Metaphori- 
cally, because in recent years allometry has 
taken over from multivariate morpho- 
metrics as one of the main analytical pre- 
occupations of primatologists and hominid 
palaeontologists. 

A system is allometric when a variable 
(or variables) measuring overall size has 
more than a random effect on another 
measure, be it tooth size, gut area or limb 
length to name buta few of theassociations 
discussed ın the book. Various contri- 
butors try to classify allometric studies, but 
they can be broadly divided into three 
categories. The first, which I shall call 
'organism-based", and which includes 
ontogenetic and intraspecific allometry, 
deals with the effect of size on the shape of 
an organism while holding functional and 
ecological variables partly, or wholly, con- 
stant. The second category is ‘‘system- 
based". In this approach groups of 
organisms are used as tools to investigate 
the influence of size on function and eco- 
logical context. Such studies are usually 
broad and interspecific, and include the 
analysis of grade shifts; that is, changes in 
the intercept as well as differences in the 
slopes. Research of the third category 
makes use of the empirical observation that 
variables are correlated to predict one 
variable from another. Often this stands on 
its head the notion of a **dependent"" and 
an ''independent" variable, for what is 
usually regarded as independent (body 
size, for example) is often predicted from 
dependent variables such as tooth size. 
This final method ıs applied most often in 
palaeontological studies which are per- 
force based on fragmentary material and 
may use ontogenetic, intraspecific or 
interspecific associations. 

The twin aims of the book are to assess 
past progress in allometric work and to 
review the future prospects. Several of the 
contributors discuss the role of allometry in 
evolutionary change. Is evolution simply 
the transposition of the derived form to a 
position up or down the ontogenetic slope 
(Shea; Cochard), or is it more than 
one process — perhaps ''short term”, 
involving relatively simple adjustments of 
growth, and “‘long term", involving ad- 
justments of function and grade, and per- 
haps dictated by general metabolic con- 
straints (Martin and Harvey; Ford and 
Corruccin)? Although not always in agree- 
ment with him, I especially enjoyed Shea’s 
contribution. His work on ontogenetic 
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allometry is stimulating, but even though 
my prejudices about the pattern of 
hominid evolution are reinforced by the 
findings of his excursion into that 
minefield, I remain unconvinced that 
ontogenetic allometry “‘explains’’ all evo- 
lutionary change. Lande provides a much 
needed genetic perspective on allometry, 
and Leutenegger and Cheverud's account 
of the effect of size on sexual dimorphism 
in primates is both an analytically in- 
genious and intellectually rigorous attempt 
to understand the mechanism of the strong 
positive allometry that is seen in sexually 
dimorphic species. 

A number of the chapters provide over- 
views of particular systems — Martin e! al. 
on thegut, Jungers on the skeleton, Larson 
onorgan weights, and Gingerich and Smith 
on dentition. Hidden within the latter is an 
admirably concise discussion of the vexed 
question of line-fitting. This is a point 
which is addressed by several of the con- 
tributors (Martin ef al.; Wolpoff; Steudel 
and Ford; Corruccini). Wolpoff takes an 
admirable, but misguided, swim against 
the tide of consensus. The majority vote of 
the contributors 1s against him. Least 
squares regression is a technique best 
reserved for prediction, with association 
being best studied by the major axis techni- 
que, or by one of its variations. Smith and 
Steudel each address the problem of using 
apparent empirical allometric associations 
between variables to predict body size in 
fossil taxa, with Smith tackling Gigan- 
topithecus and Steudel the fossil hominids. 
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They both advocate what Smith has 
described as the *'narrow"' allometric ap- 
proach, but differ in their attitude towards 
the advisability of averaging the results of 
several attempts to estimate size. I side with 
Smith on this; the average of three poor 
estimates is not likely to provide a good 
one. 

The remaining contributions include in- 
vestigations of the influence of size on limb 
design (Preuschoft and Demes; McNeill 
Alexander), energetics (Heglund) and 
polygyny (in which Clutton-Brock rightly 
criticizes others for offering circular 
arguments to explain sexual dimorphism 
and polygyny, and then proceeds to offer 
another himself!). Bookstein contributes a 
paper on how to measure shape change and 
Fleagle furnishes a general review of 
allometry. Finally, Armstrong provides an 
excellent review of the relationships, causal 
or otherwise, between body size and brain 
size and structure. 

Jungers is to be congratulated on his 
editorial efforts. The 20 contributions 
necessarily vary in scope, quality and 
novelty, but are uniform in style and 
layout, and remarkably free of typographi- 
cal errors. Altogether this is a suitable 
volume to mark the coming of age of 
primate allometry, and it is only three years 
late to mark the golden jubilee of Huxley's 
seminal book on relative growth. a 


Bernard Wood is Courtauld Professor of 
Anatomy at The Middlesex Hospital Medical 
School, University af London. 





Clinical exchange 
Robert Walgate 


Harrap's French and English Science 
Dictionary. 
Harrap: 1985. Pp.302. £17.50. 


IN 1982, when socialism was the rage again 
їп France, the French became passionate 
about protecting their language ''as a 
language of science”. The then minister of 
research even established a priority action, 
a programme mobilisateur, to that end, 
and launched an ambitious plan for a great 
new French-language encyclopaedia to em- 
brace all knowledge, as the encyclopaedists 
of the eighteenth century had done before 
him. Heady days! The programme and the 
encyclopaedia project still exist, but 
somehow the passion has gone. The ency- 
clopaedia has had difficulty finding a 
publisher. French scientists speak English 
at international conferences in France. 
against a ministerial directive. And the 
preferred language of publication, for 
anyone wishing to be heard outside France, 
15 still English. 

Nevertheless a considerable amount of 
good science still appears only in French — 
for example in the Comptes Rendus — and 
the publication of a new French-English 


(and English-French) science dictionary is 
an event of some interest. 

However, the readership of the diction- 
ary may be more limited than Harrap's 
expect. The book includes relatively few 
technical terms in the physical as opposed 
to the medical and biological sciences (with 
their naming of parts, and organisms and 
maladies), and since the translations of the 
physical terms are often self-evident 
(astronomy — astronomie), this dictionary 
will prove of real help mostly to biologists 
and clinical scientists. Picking a page at 
random confirms this impression: out of 50 
definitions nearly half are in biology, 
zoology or medicine; 15 per cent in physics, 
chemistry and astronomy; 15 per cent in 
geology and oceanography; and the rest are 
general terms. As further examples, the 
book offers no translation of ‘‘hadron’’ or 
“lepton’’, and classifies ‘‘neutrino’’ as a 
biological term; includes *'geode'" but not 
*'geoid''; and seems not to have heard of 
the ‘‘magnetosphere”’ or a **white dwarf", 
Nevertheless with much French clinical 
science in particular still published in 
French, this dictionary will find a role in 
easing the two-way traffic between 
English-speaking biologists and clinical 
scientists and their French counterparts. 0 





Robert Walgate is European correspondent of 
Nature. 
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BALFOUR (ed) Pergamon 1984. Рр.221 ISBN 
0-08-030779-5. £40, $65. 

Past and Present in The Americas: A Compendium 
of Recent Studies. JOHN LYNCH (ed.). Manchester 
University Press: 1984. Pp. 314. ISBN 0-7190-0972-3 
£30. 

Patterns of Change in Earth Evolution. H.D 
HOLLAND and A.F. TRENDALL (eds). Springer- 
Verlag:1984. Рр 431. ISBN  3-540-12749-6/ 
0-387-12749-6. DM 57. 

Practica! Application of Azolla for Rice Production. 
W S. SILVER and E.C. SCHRODER (eds). Martinus 
Nuylioff. 1984. Pp.227 ISBN 90-247-3068-6. Df! 247, 
$35 

Prophet or Professor? The Life and Work of Lewis 
Fry Richardson. By OLIVER M. ASHFORD. Adam 
Hilger:1984. Pp.304. ISBN 0-85274-774-8. £18, $29 

Psychological Aspects of Genetic Counselling. ALAN 
E.H. EMERY and IAN PULLEN (eds). Academic: 
1984 Pp.236 ISBN 0-12-238220-X. $32, £19.50. 

Quantitative Assessment in Arms Control: 
Mathematical Modeling and Simulation in the Analysis 
of Arms Control Problems RUDOLF AVENHAUS 
and REINER K. HUBER (eds). Plenum. 1984. Pp. 480. 
ISBN 0-306-41818-5. $65 

Radioactivity in the Environment: Sources, 
Distribution and Surveillance. By RONALD L. 
KATHREN. Harwood:1984 | Pp.397. ISBN 
3-7186-0203-2. $66. 

Renormalization. By JOHN COLLINS. Cambridge 
University Press. 1984. Pp 380. ISBN 0-521-24261-4, 
£40, $69.50. 

Richard Bellman: Eye of the Hurricane. By 
RICHARD BELLMAN. Wiley:1984 Рр.344. ISBN 
9971-966-00-X. £15.45. 

Speech and Language: Advances in Basic Research 
and Practice, Vol. 11. NORMAN J. LASS (ed.). 
Academic: 1984 Pp 380. ISBN 0—12-608611-7. $79 50, 
£56 

Sustaining Tomorrow: A Strategy for World 
Conservation and Development. FRANCIS R. 
THIBODEAU and HERMANN H. FIELD (eds). 

World Armaments and Disarmament. SIPRI 
Yearbook 1984 STOCKHOLM INTERNATIONAL 
PEACE RESEARCH INSTITUTE. Taylor & Francts 
1984. Pp.700. ISBN 0-85066-263-X. Np 





avants Speed Vac ... .... 
Vaporator 
oncentr ator widely used with 


Microcentrifuge Tubes to 
minimize sample loss 
and maximize sample 

concentration. A 

combination of ro- 

tary action and vacuum applica- 
tion account for the high efficiency 
volume reduction of the sample. 


100% SAMPLE RECOVERY 
NOBUMPING — NODILUTION 


NOSMEARING МО TRANSFER 
NO WASHDOWN МО LÜSSES 


The Speed Vac Concentrator has re- 
placed Flash Evaporators, Ultrafiltration, 
The Bell Jar Dessicator for most ap- 
plications ... e.g. Eluates, Hydrolysates, 
Extracts, GLC and HPLC 
Sample Preparation. 
"No Doubt About It — 
This is the Preferred Method". 


THE SPEED VAC 
CONCENTRATOR 





Savant can supply the entire system 
including the SPEED VAC CONCEN- 
TRATOR, the Refrigerated Trap and the 
Vacuum Pump, as well as many acces- 
sories which makes the laboratory 
completely operational. 


Send for literature today. 


Savant Instruments, Inc. 
110-103 Bi-County Bivd. 
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TITLES IN AGING 
MOLECULAR BASIS OF AGING 


Edited by А.К. Roy and B. Chatterjee 
1984, 416pp.. $29.50/£24.00 (UK only), ISBN:0.12.601060.9 
















Recent advances in molecular biology have led to a new understandin 
the molecular basis of aging at the level of gene expression and gen 
organization. This volume, contributed to by noted experts in the fiel 
presents state-of-the-art developments in this rapidly expanding area of 
biochemical gerontological research. A 

In chapters in which various aspects of the molecular basis of aging are. 
discussed, background information is presented, followed by reviews of - 
the results of recent investigations and the significance of these results іп. 
the developmentof new concepts. E 































THRESHOLDS IN AGING 


Edited by: Professor M. Bergener, Dr. M. Ermini, Dr. Н. B. Staheli 
1985, 322pp., $25.00/£22.50 (UK only), ISBN: 0.12.090160.9 











BIOLOGY OF MENOPAUSE 


The Causes and Consequences of Ovarian Ageing 


R. G. Gosden 
1985, 188pp., $37.50/£29.00 (UK only), ISBN: 0.12.291850.9 


All the diverse aspects of ovarian ageing in our own species апа in | 
animal models have been brought together for the first time in thi 
concise volume. The physiological and biochemical ргосеѕѕе 
responsible for the deterioration of ovarian function, the consequential 
loss of fertility, and somatic effects of postmenopause are fully explained 
for biologists interested in reproduction and gerontology and for 
clinicians concerned with fertility in middle age and hormone: 
replacement therapy. 


TITLES IN HUMAN PHYSIOLOGY 
Monographs of the Physiological Society No. 42 
MEMOIR ON THE PANCREAS 


And on the Role of Pancreatic Juice in Digestive 
Processes Particularly in the Digestion of Neutral Fat 
Written by C. Bernard 

Translated by J. Henderson 

1985, 131рр., $48.00/£36.00 (UK only), ISBN: 0.12.092880.9 


This volume, the first.English translation, details these studies and 
follows Bernard's line of hypothesis through many experiments. Claude 
Bernard describes the comparative anatomy of the gland (beautifully 
illustrated by colour and black and white engravings) and demonstrates 
both the collection and the chemistry of the pancreatic juice. The 
Memoir also includes descriptions of human pancreatic disease, and a 
good deal of speculation on the role of the pancreas in humans and the 
rest of the animal kingdom, while at the same time it criticises severely a 
large number of his contemporaries who disagree with him. 


NOW IN STOCK 


ASSESSMENT OF SKELETAL MATURITY 
AND PREDICTION OF ADULT HEIGHT 
(TW2 METHOD) 

Second Edition 

J. M. Tanner, R. H. Whitehouse, N. Cameron, W. A. Marshall, 
M. J. R. Healey and Н. Goldstein 

1984, 116pp., $49.50/£33.00 (UK only), ISBN: 0.12.683360.5 


Accurate assessment of 'bone age' in children is essential in diagnosing 
and monitoring treatment of children with growth disorders. in this 
second edition, new data from very tall, short and delayed children have 
allowed revised formulae for predicting adult height from bone age whose 
greater accuracy renders those of the first edition obsolete. An essentíal . 
tool for those working in paediatric medicine. 

Prices are subject to change without notice 
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SERUM ALBUMIN AND TRYPSIN 


NOW YOU CAN USE CERTIFIED SPECIFIC 
VIRUS-FREE ANIMAL PRODUCTS FOR ALL YOUR 
TISSUE CULTURE WORK. 


OUR SPECIALITY RANGE ALSO INCLUDES: 


COLLAGENASE, FIBRONECTIN AND p-PDGF 


SUPPORT FOR BIOSCIENCE AND BIOTECHNOLOGY FROM 


BIOCRTRIUSTS (TO 


430 VICTORIA ROAD, SOUTH RUISLIP HA4 ОНЕ, ENGLAND. TELEPHONE. 01-845 2 
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bioreactors and media. 


€ Imperial Laboratories of Salisbury, 
working with the Wessex Regional Cyto- 
genetics Unit at Salisbury General Hospital, 
have developed a new medium for use in 
cytogenetics procedures. This medium, bas- 
ed on Iscove's modificaiton of Dulbecco's 
MEM, has the folic acid level reduced from 
the normal 4.00 mg to 0.01 mg per litre. 
The folate-deficient Iscove’s medium has 
. proved successful in producing mitotic in- 
dices, with well-spread elongated 
chromosomes suitable for high resolution 
banded analysis, and is now used routine- 
ly at the Salisbury hospital for all lym- 
phocyte cultures and also for bone marrow 
specimens from patients with leukaemia. 
Reader Service No. 100. 
€ ^ new cell culture medium, Ventrex 
PC-1, is now available from Tissue Culture 
Services to complement the Ventrex HL-1 
medium. Like HL-1, Ventrex PC-1 is a 
low-protein, serum-free medium which has 
+ been specially formulated using defined 
‘components for optimal cell growth, while 
maintaining the lowest possible protein 
content (less than 750 ug per ml). The PC-1 
medium is intended for the culture of 
primary cells and cell lines and has been 
successfully tested on many widely used cell 
lines. Ventrex PC-1 is available as a sterile 
liquid base medium, with a sterile frozen 
supplement, in | x 100 ml and 2 x 500 
ml packs. When stored under suitable con- 
ditions, the components are stable for 120 
days; when the components are combined 
to form the complete medium, it remains 
stable for 45 days at 4?C. The medium is 
also available in a 10-litre component 
package for users who prefer to prepare 
their own media. 
Reader Service No. 101. 
€ Opti-MEM I from Gibco is a multi-use 
reduced serum medium which supports op- 
timal growth with reduced fetal bovine 
serum for a wide variety of mammalian 
cells. Most cells routinely cultured in 
serum-supplemented medium may be 
directly transferred into Opti-MEM I with 
a minimum of 50% reduction in serum. 
Opti-MEM 1 is performance-tested for 
cloning efficiency and growth promotion 
using various mammalian cell types, in- 
cluding murine myelomas, hybridomas and 
adherent cultures. Opti-MEM I has a shelf 
life of six months from date of manufac- 
ture, and is easily prepared in only three 
steps: add 2-mercaptoethanol (included); 
mix thoroughly; and add fetal bovine 


serum. 








These notes are based on information 
provided by the manufacturers. Use the reader 
service card bound inside the journal to obtain 
further information. 












-PRODUCT REVEW- 


Tissue culture equipment 


New items available for the tissue culture laboratory include carbon dioxide incubators, novel 





Clandon's new cell counter. 


€ The range of Diffcount П micropro- 
cessor-controlled differential cell counters 
has been extended with the introduction of 
Comp-U-Diff, a direct differential data en- 
try terminal. Manufactured by Modulus 
Data Systems, and available in the UK 
from Clandon Scientific, the Diffcount 
IL/Comp-U-Diff allows efficient, direct, 
computer entry of the differential counts, 
RBC morphology, MLSO ID code, speci- 
men identification and general comments. 
Straightforward instructions and suggested 
software enable Comp-U-Diff to be readi- 
ly interfaced with an existing laboratory 
computer. 

Reader Service No. 103. 

€ MBR Bioreactor AG has introduced a 
membrane bioreactor for the cultivation of 
mammalian, plant, hybrid cells and micro- 


| organisms. The Membroferm consists of a 


medium chamber, a cell chamber and a 
product chamber which are fitted with a 
special net support which acts as a carrier 
to fix the cells as well as supporting the 
membranes. This membrane stack is held 
in position by stainless steel endplates 
which are fitted with connections to the 
conditioning vessel where the medium can 
be continuously treated to maintain the cor- 
rect environment for growth of the cells. 
Cells are introduced into the cell chamber 
which is separated from the medium 
chamber by a membrane on one side and 
the product chamber with a different mem- 
brane on the other side. This allows the 


cells to receive nutrients and gases via the | 
medium chamber and to remove the pro- 


ducts of metabolism or toxins via the pro- 
duct chamber. The technique has achiev- 


ed very high cell.densities with mammalian | 


cells. 
Reader Service No. 104. 






















| € Plant diseases can cause crop losse 
ranging from slight yield depression t 
_ complete crop failure. To counter this. 
| Twyford Plant Laboratories offers ‘disease 
| indexing’ services to plant breeders, рго-_ 
|. pagators, seed producers and growers. Us 
| ing this service it is possible to ‘clean-up 
i.a plant or crop, for further use as a mother: 
| stock for further propagation, or as parent 
| 
| 
f 
| 
| 


| plants for high quality seed production, for 
instance. TPL’s indexing service is based 
on the use of plant tissue culture, Viruse 
are identified by a range of techniques in 
cluding ELISA, PAGE and occasiona 
| electron microsopy. Fungal diseases а 
detected using selective nutrient media: Fo 
more details on TPL’s range of techniqu 
based оп ап expertise in plant tissue culture 
use the reader service card. 
Reader Service No. 105. 








Tissue culture incubators from LEEC. 


@ In the tissue culture laboratory, CO, 
| incubators with high humidity levels are 
i constantly subjected to contamination by 
| yeasts, moulds and all forms of airborne 
bacteria. The new LEEC range of 
| automatic CO, incubators incorporates a 
self-sterilizing facility which by-passes the 
normal heater controls and holds the tem- 
perature at 90°C. On completion of a cy- 
cle the control is transferred back to the 
normal controllers and the incubator rapid- 
ly re-stabilizes at pre-set temperatures. The 
range includes models of 150 litres and 320 
litres capacity, each featuring dual propor- 
| tional voltage controllers, safety overides, 
| heated inner glass door, solid state CO. 
| detection and a self-sterilizing facility. The 
| LEEC range of incubators is manufac- 
| tured with high-grade stainless steel 
| throughout. 

! Reader Service No. 106. 
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The Dynatech Autodiluter with features aimed 
at tissue culture. 





— À PRODUCT REVIEW —— 


oe К 


© Through the use of modular, solid-state 
logic controls, the Dynatech Autodiluter 
III can be programmed to carry out such 
diverse procedures as ELISA washing and 
aspirating, haemagglutination, comple- 
ment fixation, microtitration and a variety 
of tissue culture applications. The 
Autodiluter III can be linked to Dynatech's 
Dynadrop multi-reagent dispenser, for 
simultaneous addition of up to 12 different 
reagents to a row of microtitre plate wells. 
Aspirator dwell time can be controlled 
between 2 and 6s and the downward travel 
of the head limited, a feature necessary in 
tissue culture where the Microdiluter and 
aspirator tips must not touch the bottom of 
wells. 

Reader Service No. 107. 
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Agar...automatically 
from powder to plates 
in less than 90 minutes... 


Up to 8 liters 
(400 plates) of 
high-quality 
agar whenever 
you need it 


Reader Service No.49 





Any laboratory can have high quality agar whenever it's 
needed thanks to two benchtop instruments — the Agar- 
Matic, an 8 liter sterilizer, and the PourMatic, a self-stacking 
carousel-type petri dish filler 

Simply add water and dehydrated medium to the Agar- 
Matic. Then set it and forget it. This automatic sterilizer 
does the rest. Fresh, chemically superior agar or nutrient 
broth is ready to pour in less than an hour. If you're not back 
in time, the agar will be maintained at the desired pouring 
temperature 

By adding the PourMatic, agar can be sterilized, cooled, 
poured into plates and stacked all automatically in only 
38" of bench space while you tend to more important activi- 
ties. Microprocessor control assures dependability and 
minimizes operator supervision 

Agar sterilizers from 3 to 130 liters are also available 
Send for 16-page catalog. New Brunswick Scientific Co., 
Inc., PO. Box 986, Edison, N.J. 08818, (201) 287-1200 or 
(800) 631-5417 


NEW BRUNSWICK SCIENTIFIC 


AINBS Advanced Technology ‹ a Way of Lile 
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€ Dystonia is a neurologic disease 
consisting of sustained twisting movements 
and postures. It may be inherited, 
sporadic, or secondary to other nervous 
system diseases. The Dystonia Clinical 
Research Center at Columbia University 
has established a Fibroblast Tissue 
Resource Facility. Fibroblasts from 


| patients with genetic and sporadic dystonia 


(as well as controls) are cultured and stored 
in liquid nitrogen; samples are available to 
investigators with established probes for 
biochemical markers. The Columbia 
centre invites scientists to utilize the tissue 
bank without charge. If interested, investi- 
gators should send a brief description of 
assays to be carried out to: Stanley Fahn, 
Director, Dystonia Clinical Research 
Center, Neurological Institute, 710 West 
168th Street, New York, New York 10032, 
USA. 

Reader Service No. 108. 





Labconco's new laminar flow cabinet. 


ө Labconco's new range of laminar flow 
cabinets — the Purifier Class II — is well 
suited to tissue culture manipulations in- 
cluding inoculation of viruses. A stainless 
steel working area and coved and dished 
work surface contribute to operator protec- 
tion. Other features include a variable 
speed motor, easy-to-read differential 
pressure gauge monitor, Hepa filters readi- 
ly accessible for replacement, adjustable 
height and position sash for comfort, 
remote controlled gas fixture with recess- 
ed nozzle and safety valve, and adjustable 
height stand on heavy duty rubber-tyred 
castors. All lights are recessed and acces- 
sible from the cabinet exterior. The air 
movement and positioning of the filters 
places virtually all the cabinet under nega- 
tive pressure, those areas of positive pres- 
sure are surrounded by areas of negative 
pressure ensuring complete containment in 
the event of a leakage. The Purifier meets 
all standards for Class II operation and is 
supplied with full performance certificates. 
Reader Service No. 109. 
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The Bellco p-carrier spinner flask. 

© Bellco Biotechnology has introduced 
a new line of non-heating, precision 
magnetic stirrers. The Sci/ERA range is 
offered in one-, two- and four-position 
units, each featuring a port to accept 
computer-generated commands for ex- 
ternal control. Stirring speeds are set with 
a precision ten-turn control, and are 
ramped up and down to minimize 
disruption of cell attachment. Two LED 
displays are incorporated; one indicates 
stirrer r.p.m., and the other reads out 
cycle and countdown to show exactly 
where the system is in relation to inter- 
nally-controlled cycles. Electronic 
on/off cycle timers permit precise repeti- 
tive cycling. Stepper motors are 
controlled by pulses generated with such 
precision that repeatability of settings is 
+0.1 r.p.m., 12-volt signal level assures 
operation at selected speed if the system 
switches to back-up battery power. In 
addition, the new Bellco system offers a 
new stand-by Sci/ERA Power Pack to 
protect stirrers and valuable cell cultures 
in the event of failure of the main power 


supply. 
Reader Service No. 110. 
@ The new 50-watt Model MS-50 


Microson miniature ultrasonic cell disrup- 
tor is intended primarily for cell disruption, 
homogenization, and emulsification in the 
laboratory and classroom, The Microson, 
from Heat Systems-Ultrasonics, Inc., can 
also degas liquids, accelerate chemical and 
physical reactions, and deagglomerate and 
disaggregate. The unit features a new 
on/off momentary control switch, and 
micro cup horn for disruption in total isola- 
tion and a micro-Pulsar cycle timer for 
limiting temperature build up in heat-labile 
materials. 

Reader Service No. 111. 





@ Aneight-page brochure from Beckman 
describes two compact Microfuge cen- 
trifuges used for spinning down small 


samples fast. The Microfuge 11 and 12 pro- | 


vide a choice of three rotors. The Micro- | 


fuge 11 has a fixed horizontal rotor; and 
the Microfuge 12 a bowl rotor. Both can 
spin the 13.2 fixed angle rotor and the 
capillary tube rotor. 

Reader Service No. 112. 

€ A modification kit is now available to 
convert the standard Marubishi fermenter 
for the growth of cells in continuous 
culture. The modification is suited to both 
bacterial and cell cultivation units. All 
components are interchangeable and do not 
require additional expense or modifications 
when different size vessels are used. The 
standard bench-top fermentor is equipped 
with temperature, agitation and aeration 


| controls. The transfer of medium is ac- 





| ACAS 470 workstation. 


complished by pumps which automatically 
remove medium to be processed and add 
back medium from a reservoir. 

Reader Service No. 113. 





ACAS 470 
the methods of 


€ Meridian Instruments’ 
workstation combines 
automated clonal isolation and fluor- 
escence analysis into a single system that 
will (1) automatically isolate a clonal 
population of any cell type in monolayer 


culture; (2) perform selection and analyses | 


of cells without removal from growth sur- 


faces or altering morphology, phenotype or | 


variability; (3) maintain the selected cell(s) 
under controlled growth conditions; (4) 
catalogue cells by location on a growth sur- 
face; (5) perform the full range of steady- 
state fluorescence analyses. Cell selection 


and separation are achieved by growing 


cells on specially treated cover slips in a 
standard tissue culture dish. The cover slips 
can be transferred to the environmental cell 
chamber to maintain selected cell(s) in a 


state of clonal growth. This autoclavable | 


mini-incubator mounts on an inverted 
microscope. The cells are maintained at the 
desired temperature while sufficient 
nutrients are provided by a controllable 


continuous flow of medium across the in- | 
serted growth plate. A removable top | 
allows convenient access to the cells for in | 


situ manipulations. 
Reader Service No. 114. 
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SYSTEMS FOR 
MICROPIPETTE 
PREPARATION AND 
MICROMANIPULATION 


* Micropipette puller 
* Microforges 

* Micrometer syringe 
* Micromanipulators 


Ideal for intracellular and intranuclear 
injection, embryo transfer, isolation of 
single cells, etc. 

The premier range of high qualty instru- 
mentation for micromanipulation, 


RESEARCH INSTRUMENTS LTD 


Penryn, Cornwall TR10 9DQ, England 
(0326) 72753. 

Ebtec Corp, Mass 01001, USA 

(413) 786 9322. 
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SINGER 
MICROMANIPULATER 
MK 111 
Patented 


Perfect control in 3 Dimensions from a 
single joystick. Continuous variable 
reductions to suit all magnifications. No 
after sales maintenance needed. 

Details from: 

Singer Instrument Co. Ltd., 
Treborough Lodge Roadwater, 


Watchet Somerset TA23 001. 
England. Tel. (0984) 40226 Telex: 
492 Comcab G. 
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LIPOSOMES NEWI 


reproductive — homogeneous 
— extremely rapid — 

The new commercial LIPOSOMAT  pro- 

vides reproducible preparation of uniformly 


sized unilamellar liposomes (formation with- 
in 10 minutes) with very highencap sulation 
efficiency for both hydrophilic and/ 
or lipophilic agents. Liposome size select- 
ао!е between 25 and 60mm in diameter. 
L pid loss far below 196. 

Sample volume normally 5- 10 ml or up to 200 
ml if used in combination with an additional 
apparatus. 

The LIPOSOMAT® is used especially for 
studying drug/potein/cell — liposome inter- 
actions in vitro and in vivo, for reconstitution 





experiments, and for the transfer of genetic 
material in gene and biotechnology. 


DIANORM-Geráte, РОВ 126, D-8000 
MUNICH 65, FRG. 
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AUTHORS WANTED 
BY N.Y. PUBLISHER 


A well-known New York subsidy book 
publisher is searching for manuscripts 
worthy of publication. Fiction, non- 
fiction, poetry, juveniles, travel, scien- 


tific, specialized and even controversial 
subjects will be considered. If you have 
a book-length manuscript ready for pub- 
lication (or are still working on it), and 
would like more information and a 
booklet, please write: 


Vantage Press, Dept. D- 69 
516 W, 34th St, New York, N.Y. 10001 


Reader Service No.44 





The latest version of the Cambridge Technology cell harvester. 

€ A new version of Cambridge | ө An automatic CO, incubator recently 
Technology’s PHD Cell Harvester, the | introduced by УМК Scientific includes a 
Model 290, gives the user the choice of | novel new control system. The Series 1800 
punching and depositing the samplesinto | IR automatic CO, incubator is equipped 
scintillation vials at the time of harvesting | with an infrared control system capable of 


MEZEREIN 


Co-Inducer of 
interferon 


5mg/$55 


LC SERVICES CORPORATION | 


бо Now Boston St 
) амы MA titel 





or at some later time. This feature is par- 
ticularly useful when processing a large 
volume of samples. It minimizes the 
number of scintillation vial trays needed 


sensing a change in concentration as small 


| as 0.1% СО,. Available in single-chamber 


and dual-chamber styles, all Series 1800 IR 
incubators have a readable, easy-to-set 


Reader Service No.45 : 
and permits compact temporary storage 


of harvested samples on filter mats. 
Either mode of operation is selected 
simply by turning a knob. In the non- 


CO, controller. A CO, alarm alerts the 
user to high or low CO, concentration, 
extra-large water jackets ensure 
temperature uniformity, and an access port 


nature is 
available in microform 
from University 
Microfilms 
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punching mode, small keying holes are 
made in the filter mat during harvesting 
that precisely align the mats for auto- 
matic punching and depositing later. The 
holes also prevent the samples from being 
mixed-up or reversed. The unit harvests 
and/or punches 24 samples in each 
operation. All PHD accessories and 
options such as special heads, super- 
natant collection systems, wash 
manifolds, and quick disconnects can be 
used with this new instrument. 

Reader Service No. 115. 





Culture tubes from Bio-Rad. 


© Made without mould-release agents, 
Bio-Rad's 13 x 100 mm culture tubes are 
devoid of chemical residue to interfere 
with analytical results. The tubes are 
precision-moulded to close tolerances 
under conditions of extreme cleanliness. 
Scratched or blemished tubes are elimi- 
nated by 100% inspection. The culture 
tubes are not sterile, but are made of 
polypropylene and so may be safely 
autoclaved. The 13-mm stoppers fit 
tightly and prevent leaks. All items are 
packaged to eliminate dust and are kept 
in stock for immediate shipment. 
Reader Service No. 116. 


allows easy verification of CO, levels. 
Reader Service No. 117. 

Ф A new serum-free medium from 
Costar Biologicals has been developed 
primarily for culturing hybridomas and T 
cells. This medium, SF-1, has a total 
protein concentration of less than 50 ug 
ml 7! and obviates the need for addition 
of serum completely. Antigen-specific 
cytotoxic and helper T-cells can be iso- 
lated and propagated in SF-1 without loss 
of function. The purification of anti- 
body-containing supernatants is greatly 
facilitated. SF-1 is packaged in ‘normal’ 
100 and 500ml bottles and is stable for 6 
months at +4 °C. Also new from Costar 
Biologicals are two hybridoma growth 
factors capable of eliminating the 
requirement for feeder layers. Both ESG 
(Ewing sarcoma growth factor) and 
HECS (human endothelial culture 
supernatant) enhance the efficiency of 
fusion and subsequent cloning (up to 
80%) and maximize poliferation rate. 
Reader Service No. 118. 

€ Thetyping or classification of a mono- 
clonal antibody's immunoglobulin class 
or subclass is best done when the anti- 
body is in culture supernatant. 
Conventional methods of typing (such as 
traditional Ouchterlony diffusion) 
cannot be performed on unconcentrated 
supernatants, but now the new Miles 
monoclonal typing kits make it possible 
to utilize the easy-to-use Ouchterlony 
technique for the determination of the 
immunoglobin class of mouse or rat 
monoclonal antibodies in tissue culture 
supernatants. The kits allow detection of 
monoclonal antibodies at down to 0.1mg 
per dl. 
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FOUR DYNAMITE REASONS WHY YOU SHOULD SUBSCRIBE TO 


BIO/TECHNOLOGY NOW... 


You'll save time. Because 
@ you don't have time to 
. read every journal in the field, 
BIO/TECHNOLOGY is written 
. and edited to give you all the 
information you need in ONE 
convenient source. BIO/TECH- 
NOLOGY is the only journal to 
give you news. Features. 
Original research. Product 
evaluations. Industrial applica- 
tions. Job openings. Book and 
product reviews. And more. If 
it’s- important to your work, 
you'll find it between the 
, covers of BIO/TECHNOLOGY. 
You'll learn new ways to im- 
ж prove your on-the-job skills 
and run a more successful opera- 
tion. Each month BIO/TECH- 
NOLOGY gives you the scoop 
on invaluable start-up informa- 
tion...the latest instrument- 
ation...marketing break- 
throughs... funding sour- 
ces...new technologies... 
, patents and licences... pro- 
files on how others are 
avoiding the pitfalls and reap- 
ing the rewards. In fact, just 
one practical tip from BIO/- 
TECHNOLOGY can be worth 
many times the cost of your 
subscription. 





You'll be up-to-date on all 
m major industry developments. 
With -correspondents all over 
the world, BIOTECHNOLOGY 
delivers the inside story on 
who's doing what, where. You'll 
get the latest word on changing 
government regulations and 
tax law, and how they affect 
your work. 

Plus you'll read original re- 
search papers by bench scien- 
tists, engineers, and biologists 
that will help keep you in the 
forefront of every new discov- 
ery worth knowing about. 


You'll get new ideas you can 

m put to use immediately,BIO/- 
TECHNOLOGY lets you rub 
elbows with eminent scien- 
tists, tour new facilities and 
learn how new processes work 
in every field from genetic engi- - 
neering to molecular biology. 
Each month, BIO/TEGHNOL- 


OGY helps spark ideas for your | . 


own research, for new industri- 
al applications and for getting 
along in the increasingly com- 
petitive financial arena. 


If you're not already subscribing to BIOTECHNOLOGY, don't delay the moment any longer - return the coupon below and we will 
send you twelve issues. You risk nothing If for any reason BIO/TECHNOLOGY doesn'tlive up to your highest expectations, just let 
us know and you'll receive a full refund on all unmailed copies. Remember too, that your subscription may be tax deductible 


TO START RECEIVING YOUR TEROR ITION, FILL OUT THE COUPON BELOW AND RETURN WITH PAYMENT TO: 


| U.S.A.: BIOTECHNOLOGY 
Subscription Order Dept., P.O. Box 316 
| Martinsville, New Jersey 08836 U.S.A. 


| To speed up your subscription in the U.S.A., call toll free 1-800-524-0328. 





|. YES! Please send me one year óf 

| BIO/TECHNOLOGY (12 issues). | under- 

| stand that | may cancel my subscription - 
at'any time and receive a full refund’ on 

| all unmailed issues. 


| C3U.S.A.-$59.00* o Kataas Go х 
| BU.K-£70**— . Di Elsewhere-U.S.$112** 
| In Japan, write Macmillan Shuppan, K. K., 


Eikow Bidg., 10- 9 Hongo 1- chome, Bunkyo- -ku 
| Tokyo 113 Japan 





' | Note ‘Represents 24% off Basic Subscription Price of US $78 00 
is 
` | **All other prices quoted аге "А Speed” 


“Signature” 


ENGLAND: BIO/TECHNOLOGY 


Subscription Order Dept., Macmillan Journals, Ltd. 


OMy payment ts enclosed at the price checked 


O Please charge my credit card account 
D American Express 


Card No. 


O Mastercard 


Brunel Road, Houndmills, Basingstoke 
Hampshire RG21 2XS, England 
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Why this magazine 
and more than 
1,0000 others let us 


go over their books 
once а year. 


Some magazines, we're sorry to say, keep their 
readers undercover. They steadfastly refuse to let BPA 
(Business Publications Audit of Circulation, Inc.) or any 
other independent, not-for-profit organization audit their 
circulation records. 

On the other hand, over 1,000 publications (like this 
one) belong to BPA. Once a year, BPA auditors examine 
and verify the accuracy of our circulation records. 

This audit provides the name, company, industry and 
job title of every reader each publication reaches. The 
information helps advertisers to determine if they are 
saying the right thing to the right people in the right place. 

It also helps somebody else important: you. Because 
the more a publication and its advertisers know about you, 
the better they can provide you with articles and 
advertisements that meet your informational needs. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation, Inc. 

360 Park Ave. So., New York, NY 10010. BPA 
MEDIA INTELLIGENCE 
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UNIVERSITY COLLEGE OF 
NORTH WALES 
COLEG Y PRIFYSGOL 
GOGLEDD CYMRU 
BANGOR 


DEPARTMENT OF BIOCHEMISTRY 
CHAIR OF BIOCHEMISTRY 


Applications are invited from suitably 
qualified Biochemists for the post of 
Professor of Biochemistry which will 
carry with it in the first instance the 
Headship of the Department of Bio- 
chemistry & Soil Science. The 
appointment will be from as early a 
date as can be arranged. The salary 
will be in the professorial range 
(mmmum £18,070). 


Further particulars can be obtained 
from the Secretary and Registrar, UC 
NW, Bangor, Gwynedd, LL57 2DG. 


Ten copies of the application (one 
from overseas applicants), together 
with the names and addresses of three 
, referees, should be sent to reach the 
Secretary and Registrar by 151 July 

1985. (6669)A 


MARIE CURIE MEMORIAL 
FOUNDATION ' 
Research Institute 


GROUP LEADERS 


As part of a planned expansion of 
these laboratories we invite applica- 
tions for newly created scientific posts 
at group leader lelvel. We seek in- 
dependent scientists with proven ex- 
pertise in molecular and/or cellular 
biology to establish groups im- 
vestigating fundamental aspects of 
malignant phenotype in human 
cancer. 


Salaries and research expenditure 
are internally funded, Equipment and 
technical support are readily available. 


. These posts are tenable for 5 years in 


the first instance (subsequent tenure 
will be dependent upon peer review) 
Salary, starting date etc are 
negotiable. ` 


Send CV to Dr G Currie, Marie 
Curie Memorial Foundation, 
Research Institute, The Chart, Oxted, 
Surrey RH8 OTL Telephone 088388- 
2306/7. (6614)A 


IMPERIAL COLLEGE OF 
SCIENCE AND: 
TECHNOLOGY 
BIOPHYSICS GROUP 


RESEARCH ASSISTANT IN 
PROTEIN 
CRYSTALLOGRAPHY 


to be appointed for structure deter- 
mination work on the industrially- 
important enzyme xylpsse isomerase, 
on a project sponsored by the SERC 
Protein Engineering Steering Group. 
This is an opportunity for a trained 
crystallographer to gain experience in 
protein structure determination, and 
to participate in a protein engineering 
programme. 


Applications including curriculum 
vitae and names of two referees 
should be sent to Mrs A Varsey, 
Biophysics Group, Blackett 
Laboratory, Imperial College, Lon- 
don SW72AZ. (6634)A 


ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


DEPARTMENT OF IMMUNOLOGY 


POSTDOCTORAL 
RESEARCH FELLOW 


Required for a three year position 
funded by The Wellcome Trust to join 
an existing team characterising the ef- 
fects of various chemical enzyme m- 
hibitors on the immune system with 
the eventual aim of modulating ım- 
mune responses clinically. Applicants 
should have a background of the bios- 
ciences, preferably with some іт- 
munological experience. 


Scientific enquiries to Dr A 
Johnstone (01-672 1255 ext 4756) and 
further particulars and application 
forms from the Personnel Officer, 
St. George’s Hospital Medical School, 
Cranmer Terrace, Tooting, London 
SW17 ORE (ext 4873) Closing date 27 
June 1985. (6628)A 











RESEARCH CENTER DIRECTOR 





Applications and nominations are invited for a Director, 
Center for Atmospheric and Biospheric Effects of 
Combustion, located in the Applied Scrence Division. The 
scope of the Center is interdisciplinary and includes four 
major areas: Combustion and Abatement, Atmospheric 
Pathways and Chemistry, Radiative Balance, and 
Ecosystem Pathways and Effects. The Director will 
coordinate the efforts of a number of scientists, including 
chemists, physicists, engineers, biologists, geologists, 
meteorologists, and energy analysts to carry out the 
objectives of the Center; will be responsible for obtaining 
research support from governmental and non-governmental 
organizations; will represent the Laboratory at various 
related national and international meetings; and will also 
carry out research within the Center. This position requires a 
Ph.D., andarecord of distinguished leadership, outstanding ' 
research accomplishments and an international reputation in 
one or more of the above areas. Experience and background 
їп program planning, development, implementation, 
administration and evaluation is required. The incumbent 
should also have experience in obtaining research funds and 
have a familiarity with organizations that provide these 
research funds. Salary will be negotiable. The successful 
candidate will be appointed a Senior Staff Scientist at the 
Lawrence Berkeley Laboratory. 


Applications and/or nominations should be forwarded 
to: Lawrence Berkeley Laboratory, One Cyclotron 
Road, Employment Office 90-1042, Berkeley, CA 94720. 
Please specify Job A/3330. An Equal Opportunity 
Employer M/F/H. (NW1777)A 


LAWRENCE 
BERKELEY 
LABORATORY 










Cardiovascular 
Group Leader 


Roche is a major 
multinational pharmaceutical 
company with a firm 
commitment to the research 
and development of 
novel drugs. 

A senior vacancy has 
arisen in the recently 
restructured department of 
Biology for an innovative and 
enthusiastic scientist to form 
and lead a new group within 
the Cardiovascular section. 

The successful candidate 
will play a key role in the 
cardiovascular research 
programme, reporting to the 
Head of Cardiovascular 
Biology. He/she will have a 
high degree of scientific 
autonomy, but will also be 
expected to inzeract 
effectively with 
Chemists, 

Biochemists 
and 





other Pharmacologists as part. 
ofamultidisciplinary approach 
to drug research. 

Ideal qualifications for the 
post would be a PhD in 
pharmacology plus a few years 
experience of industrial 
Cardiovascular research 
encompassing both in vivo and 
inintro techniques. ` 

Research facilities at the 
Hertfordshire based UK 
Research Division 
Headquarters are outstanding 
as are the company benefits/ 
salary we can offer you. 

To take things further, call 

Mrs Ann Judge on Welwyn 
Garden City 328128 or write 
to her, enclosing details, at 


Roche Products Ltd, 
PO Box8, 
Welwyn Garden 
City, Herts. 
AL73AY. 


Classified 2 


NORTH EAST 
BIOTECHNOLOGY 
CENTRE 


Applications are invited for the following posts which will be based 
at 


TEESSIDE POLYTECHNIC 


in the Department of Chemical Engineering. 


READER IN BIOTECHNOLOGY 


To lead research teams and supervise research students and develop 
research projects in areas of interest to the NEBC. The major 
strengths of the Centre are in Fermentation, Microbial Physiology 
and Downstream Processing of biological products 


Applicants should be well qualified academically in a discipline 
related to Biotechnology or Biochemical Engineering and will be 
expected to hold a PhD and have made a significant contribution to 
the Irterature relevant to the post. 


Industrial expertence would be preferable and membership of a 
professional institution an advantage 


Salary: £13,095 — £16,467 per annum. 


PRINCIPAL LECTURER IN 
BIOCHEMICAL ENGINEERING 


To take responsibility for the operation and further development of 
the Biochemical Engineering content of courses in process 
engineering run jointly by the department of Chemical Engineering 
and the North East Biotechnology Centre. 


It is expected that the successful candidate will also undertake 
research projects, especially in aspects of downstream process 
design 

Applicants should be well qualified in Biochemical Engineering or a 
discipline of fundamental importance to this subject area They will 
have demonstrated a proven research record in a relevant area, an 
effective approach to student teaching and appropriate industrial 
experience Members of an appropriate professional institution 
would be an advantage. 


Salary: £13,095 — £14,580 (work bar) — £16,467 per annum. 


The salary on appointment will be no greater than £14,580 per 
annum 


LECTURER II/SENIOR LECTURER 
BIOCHEMICAL ENGINEERING 


A Biochemical Engineer to join a team of Biotechnologists promoting 
research, teaching and consultancy in the North East Biotechnology 
Centre The team will be expected to develop teaching and research 
programmes in one or more of the following areas Downstream 
Processing, Control of Fermentation Processes, and the Application 
of Microbial Physiology to Fermenter Design 

Applicants should be well qualified academically in or a discipline 
related to Biotechnology or Biochemical Engineering; preferably with 
some industrial experience; membership of a professional institution 
would be an advantage. 


Salary: £7,548 — £12,099 (efficiency bar) — £13,128 (work bar) — 
£14,061 per annum 

An appointment will be made at Lecturer ll level and the salary on 
appointment will be no greater than £12,099 per annum. 

Closing date for applications in respect of all posts: 24 June 1985 

An Equal Opportunity Employer 

Application forms and further particulars from: Personnel 
Section, Teesside Polytechnic, Borough Road, 
Middlesbrough, Cleveland TS1 3BA. Tel: 0642 218121 Extension 
4114 (6636)A 
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THE UNIVERSITY OF ALBERTA 


invites applications for the 


CANADIAN PACIFIC — ALBERTA 


AGRICULTURE CHAIR IN PLANT 
BIOTECHNOLOGY 


The University of Alberta is seeking an established scientist to occupy 
the Canadian Pacific — Alberta Agriculture Chair in Plant Bio- 
technology. The occupant of the chair will be expected to carry out 
research related to the improvement of agriculture in Western Canada, 
to provide leadership within the area-of plant biotechnology in the 
Faculties of Agriculture and Forestry, and Science, and to 
communicate actively with: the agricultural sectors of industry and 
government. Candidates presently located outside the scientific 
university community will be given serious consideration, although 
scientific credentials will be of paramount importance. 
The successful candidate will be a member of the Department of Plant 
Science, in the Faculty of Agriculture and Forestry. The Faculty of 
Agriculture and Forestry has ninety academic members housed in a 
modern, well-equipped research complex. In addition, within the 
Facilty of Science, members of the Departments of Botany, Genetics, 
and Microbiology are currently involved in basic and applied plant 
research The University of Alberta (approximately 25,000 students) is 
located in the capital city of Alberta Please send curriculum vitae, 
names and addresses of at least three referees, and an outline of 
research interests, including reprints of relevant publications, 
to. 

Dr. Mary Spencer 

Department of Plant Science 

Faculty of Agriculture and Forestry 

University of Alberta 

Edmonton, Alberta T6G 2P5 

Canada 


Closing date for receipt of applications is August 31, 1985. Salary 
will be by negotiation. Appointment will commence on January 
1. 1986. or as soon as possible thereafter 

The University of Alberta is an equal opportunity employer but, in 
accordance with Canadian immigration requirements, this 
advertisement is directed to Canadian citizens and permanent residents 
of Canada. (NW1794)A 


KAROLINSKA INSTITUTE, STOCKHOLM, SWEDEN 


Invites applications for a position as 


: FULL PROFESSOR IN 
MOLECULAR BIOLOGY 


The Karolinska institute is seeking an outstanding Molecular Biologist 
to join the newly formed Biotechnology Center located at Huddinge 
University Hospital in Stockholm The successfu! candidate ts expected 
to develop a vigorous independent research program. He will be 
expected to interact with other research teams within the center and in 
other departments as Karolinska Institute working in related fields. 
Funding for 3 Post-Doctoral positions, 3 graduate students, 1 
Secretary, 4 Technicians and Instruments as well as supplies will be 
available for the successful candidate 


Application including C.V , a short summary of previous scientific and 
educational experience, proposal for future research, list of 
publications as well as reprints or copies of publications or manuscripts 
(four copies of each) should be received at Karolinska Institutes 
Registratorskontor, Solnavagen 1,S-104 01 Stockholm, no later than 
Thursday June 13th, 1985. Applicants who wish to have a later deadline 
may submit material so that it reaches the above address no later than 
July 4th, 1985, provided that they, no later than June 13th, make clear 
to the Karolinska Institute (same address as above) that they wish to 


"apply for the position, and that they state what material they will submit 


later 

Further information can be obtained from Professor Jan-Oke 
Gustafsson (Tel. No. 8/7463351) and Dr. Rune Toftgord (Tel. No. 
877463361). | (W1897)A 
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Tenure track Assistant Рго- ' 


fessor positions are available in 
«the Department of Pharmaco- 
logy, University of lowa, College 
of medicine.. Applications аге 
invited from well-trained 
individuals who possess the 


Ph.D. and/or M.D. degree and- 


-who are active in an area’suitable 


for development of a vigorous |' 


research program related to mole- 
cular and cellular pharmacology 
or more traditional pharmaco- 
logical disciplines. The University 
‚ of lowa is an equal opportunity/ 
'affirmative action employer. 
‘Submit curriculum vitae and 
names of three references to: : 


Search Committee : 
Department of Pharmacology 
Bowen Science Building 
University of lowa ; 
iowa City, ІА 52242 , ` 

| (NW1762)A 





ENDOCRINOLOGY 
'BIOCHEMISTRY/ 
: PHYSIOLOGY ` 


Postdoctoral оа: 


‘BBroad range о? ` Endocrine 
research projects: (i) isolation and 

' R identification of pituitary and lung 
peptides; (ii) physiologic and 
pharmacologic action; (iii) 
growth and control of function of 

„Ё fetal adrenals; (iv) role of:growth 
factors in fetal development. 


Send curriculum vitae, biblio- 
graphy, three letters of recom- 
mendation, and. short state- 
ment regarding career goals, 
interests and experience to: 
‘fOr Samuel Solomon, Endo- 
crine Laboratory, Royal 


Victoria Hospital, 687 Pine. 
Ave. West, Montreal, Quebec J 


H3A 1A1. (NW1772)A 


SPECIAL - 
RESEARCH ` 
INITIATIVES 


‚ 1. Research Fellow > 
* Analytical Atomic 
Spectroscopy 


: 2. Research Assistant 
Cretaceous è 
Micropalaeontology 

. 3. Research 


Technician. 
-i FishDisease/Cell Culture 


For further details and an 
application form, please 
contact Personnel Officer at 
the address below or : 
telephone (0752) 264639. 

. Closing date for | 
. applications: 21 June 1985. 
e ` (6660)А 
Plymouth | 
Drake Circus, Plymouth ` 
' Devon PL4 8AA 








i 70? at least three referees’ should һе sent to: 


У Classified 


| Bureau. of Mineral Resources, Geology & Geophysics 


Canberra 


MARINE RESEARCH 
- GEOPHYSICISTS 


‘The Division of Marine Geosciences and Petroleum Geology in the Australian Bureau 


` of Mineral Resources, Canberra, has vacancies for two Marine geophysicists, one 


being at senior level. 

The principal research aims of ihe Marine Division are to define the regional 
geological framework; petroleum prospectivity and evolution of the sedimentary basins 
of Australia’s extensive continental shelf and margins; further to develop new scientific 


· concepts of basin structures and evolution of passive margins and also the active 


margins of the South Pacific. The main objective is the stimulation of ongoing programs 
of offshore petroleum exploration. The Division has recently acquired a research vessel 
- with full multichannel seismic capability and seismic processing centre. 


SENIOR MARINE GEOPHYSICIST: . Y 

to initiate and lead research and resource assessment programs on the 
Australian Continental Margins and in Australian Territorial waters. 

The successful candidate should have a strong background of research 
experience and an international reputation. He/she should be experienced in 
multichannel seismic operations, seismic structural and stratigraphic interpretation 
and in aspects of geohistory analysis as well as have associated experience in other 
‘fields of marine geophysics and petroleum. (Salary at SPRS/ PRS level depending on ' 
qualifications and experience.) 


MARINE GEOPHYSICIST: 
- to undertake research and resource assessment programs on the Australian 
Continental Margins and in Australian Territorial Waters. 

A The.successful candidates should havz a history of research, be experienced 
in multichannel seismic operations, in seismic structural and stratigraphic interpretation 
and in at least some aspects of geohistory analysis. Associated experience in other 
fields of marine geophysics and petroleum would be valuable. (Salary at SRS/RS 
level depending on qualifications and experience.) t 


Qualifications for Both Positions: 
A Ph.D (or equivalent i in marine кое together with demonstrated ` 
г research ability. j 


` Salary: / i 

; Research. Scientist RS) A$26001- 32083 

"Senior Research Scientist (SRS) A$33209-38243 . 
Principal Research Scientist (PRS) A$39692-45083 

Senior Principal Research Scientist (SPRS) A$47501-52212 


Conditions: - 
- Conditions òf service include superannuation for appointees, long service leave, 

cumulative sick leave, four weeks annual leave and assistance with removal expenses 
to Canberra. Permanent appointment is available to Australian Citizens. A term 
engagement will be considered for persons not meeting this criterion. 

Canberra, the national capital, is located approximately 280km southwest of 
Sydney and has excellent educational, recreational and sporting facilities. 

Applications together with full persona! and professional detalls and the names 


\ 


s 


‚ The Director, 

Bureau of Mineral Resources, 
GPO Box 378, Canberra ACT. 
2601, AUSTRALIA. 


промов close 21 June, 1986. 


+ 


(W1903)A 





BClassified 4 





Cell Biologist - 
COD 


ою 
recherches 


_ Elf Bio Recherches, a subsidiary of Elf Aquitaine and 
' Sanofi, specialises in biotechnology. It is looking for a Cell 
Biologist for its laboratory of animal cell physiology and. 
: fermentation. This laboratory (2 scientists and 3 technicians) " 
' forms part of the recombinant animal cell technology unit. 

‚ The position is to investigate the role of physiological factors 
involved in the expression of genes cloned into animal cells. 
Candidates should have a profound knowledge of animal cell 
physiology. Experience in medium or large-scale tissue 
culture will be an advantage. Knowledge of French would be. 
appreciated. Elf Bio Recherches R&D facilities are located in 

‘ the Toulouse area, in Southern France. Curriculum vitae and 


list of publications, together with a handwritten letter of | 


application, should be sent to M, Fabre quoting reference 
B/T 2018N. 


'(W1900)A 





71 bis, allées Jean-Jaurès, 31000 Toulouse, France. 
‚ ‚ Fel: Toulouse 63.70.63. 


NATIONAL OPTICAL ASTRONOMY 
OBSERVATORIES . : 


Associate Director-NOAO and Director-Cerro Tololo Inter-American 
Observatory — Applications and nominations are invited for the position 
of Director, Cerro Tololo Inter-American Observatory. The position ' 
reports to the Director NOAO and carries the added designation of 
Associate Director, NOAO. The incumbent will be a key member of a. 
management team who plans and guides the development of NOAO as 
a program characterized by authoritative in-house science and imaginative 
and effective support to the user community. The position will be located 
in La Serena, Chile, and will carry explicit responsibilities for the planning, : 
implementation, and oversight of AURA's program in Chile. The post 
offers excitement, challenge, and the promise of deep personal 
satisfaction derived from direct participation in the growth of an institution 
dedicated to the highest standards of in-house research, service to the 
astronomical community, and innovative approaches to astonomy. 
Applicants must have an earned doctorate in astronomy, or a closely 
related physical science, and a distinguished-record of achievement in 
astronomy; evidence of leadership ability of a high order will also be 
sought. Interested individuals who feel that their background and 
temperament match the opportunities and inherent challenge of this 
position are invited to forward applications, with names of at least three 
people from whom a confidential evaluation can be sought to The Chair, 
Search Committee for Director CTIO, National Optical Astronomy 
Observatories, 1002 North Warren Avenue, Tucson, AZ 85719. Closing 
date for applications is July 31, 1985. a ' 


Further information can be obtained from Dr. John T. Jefferies, 
Director NOAO, at 602/881-1960. An EEO/AA Employer. 
i (NW1786)A 
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LUDWIG INSTITUTE FOR CANCER RESEARCH 
UNIVERSITY OF SYDNEY “` 


' Post Doctoral Research Fellow : 


Applications are invited from Post Doctoral Scientists'for a Research 
Fellow to join a group studying in vivo growth regulation of solid 


tumours, microenvironment ‘and the effects of cytotoxic drugs Tech- 
" niques currently in use employ tissue culture, syngeneic and 
xenogeneic animal tumours, and clinical material, with an excellent 

’ 


flow cytometry facility. 


Applicants should possess a good background in cellular biology; and 
some experience in tumour growth kinetics would be an advantage 


An attractive salary within the range A$22,614-A$25,246 pa will be 
negotiated. ; А ә, i р 


Further information from Dr D. Hedley, (02) 692 3675/76. ^ |". 
Applilcations should be addressed to: hot | 


The Administrator, . . Soaks К 
LUDWIG INSTITUTE FOR CANCER RESEARCH, ' 
; Blackburn Building, * ^ 
` University of Sydney, NSW 2006 Australia Е 


(М 1896) А 


А MRC 
MEDICAL RESEARCH COUNCIL 
‚ ' CLINICAL PHARMACOLOGY UNIT 
UNIVERSITY DEPARTMENT. OF CLINICAL : 
‘PHARMACOLOGY — OXFORD . | 


'NEUROCHEMIST 


Applications 'are invited for a MRC SHORT-TERM NON-CLINICAL : 


SCIENTIFIC post in this MRC Unit, tenable for 3 years in the first instance. 
Candidates with some post-doctoral experience will be preferred. 


The successful candidate will be required to study the neuro-chemical 
mechanisms by which neurotransmitter systems respond to the short- 
and long-term effects of psychotropic drugs. Knowledge and experience 
of the biochemical mechanisms of neuronal membrane function, 
neurotransmitter synthesis and release, and techniques of brain slice and 
synaptosome incubation and stimulation would be advantageous This 
work has strong links with an active clinical psychopharmacology section. 


Remuneration will be at an appropriate point on the scales for 
university non-clinical academic staff. Further information and 
an application form may be obtained from Professor D.G. 
Grahame-Smith, University Department and MRC Unit of Clinical 
Pharmacology, Radcliffe Infirmary, Oxford OX26HE (Oxford (0865) 
241091), with whom applications, including a full curriculum vitae 
and the names and addresses of two professional referees, should 
be lodged by 24th June 1985. (6613)A 


AN ACTIVE FERTILITY AND IN VITRO PROGRAMME IS DUE . 
ЛО OPEN AT, THIS HOSPITAL ON 1st AUGUST 1985 


Applications are invited for the following position, for which date-of 
commencement will be by mutual agreement 


TECHNICAL К 
-ASSISTANT/EMBRYOLOGIST 


The successful applicant will be expected to undertake both routine 
laboratory and research work. Research is currently undertaken in 
collaboration with MRC (Carshalton) and the Institute of Animal 
Physiology (Cambridge) : А 

Experience іп mammalian embryology would be desirable and a PhD or 
tASc in reproductive physiology or embryology would be an advantage, 
but is not essential A 

The Hospital offers a generous salary and excellent benefit package. 
Applicants should Torward a Curriculum vitae, including the 
names of three referees to: The Personnel Department, Humana 
Hospita! Wellington, Wellington Place, London NW8 
Closing Date 22nd June 1985. : (65%)А 


Humana Hospital 
Wellington 


Wellington Place London NW8 9LE 





í VOL 315 30 5 4 ў А : | 
NATURE VON МАЧЫЛ es з аас ус. бөй 


UNIVERSITY OF 
WISCONSIN-MADISON 
AQUATIC BOTANIST 


RESEARCH ASSOCIATE 
(postdoctoral) position available 
by 1 June, 1985, for laboratory 
and lake studies on integrated 
control of Eurasian watermilfoil 
and impact of control strategies 
on water quality. Additional 
experience in water chemistry, 
птпо|оду, тусо!оду 
desirable аав for two years 
Salary competitive and 
commensurate with ' qualificat- 
ions 

Send résumé, including the 
names of three referees, to: 
Dr. John H. Andrews, Depart- 
ment of Plant Pathology, 1630 
Linden Drive, Ma ison, 
Wisconsin 53706. 

An affirmative action-equal 
opportunity employer. 


MOLECULAR IMMUNOLOGY 


POST-DOCTORAL 
SCIENTIST 
















Salary from £9,000 


(NW1781)A 
Celltech, a leader in the field of its people as its products. You will work ina 
biotechnology, has achieved its present small friendly team, gaming valuable broad- 
success in the space of five years. Pioneersin based expenence, with plenty of opportunity 
POST DOCTORAL several areas, our achievements are basedon for advancement. 
RESEARCH the foundations of scientific excellence, Please send a detailed c.v to Jane Walley, 
position 1s available to study the innovation and commercial expertise. Celltech Ltd., 244-250 Bath Road, Slough, 


Celltech's Molecular Immunology groupis Berks SL14DY, quoting Ref. 268. 
expanding its activities in the molecular - 


cloning and expression of immunological 
targets, principally antibodies. We are looking G B Inr | yz CH 
for a Molecular Biologist/Immunologist, either Ё | 


ЁС 20 - 


molecular biology of the enzymes 
involved in connective tissue 
degradation. A research back- 
ground in biochemistry or mole- 
cular biology is advantageous. 
Applicants should send curriculum 
vitae and three references to 
Gregory |. Goldberg, PhD, 
Washington University School of 
Medicine, Box 8123, St Louis, 
Missouri 63110 


Equal Opportunity/Affirmative 
Action Employer. : 
(NW1788)A 





a post-doc or a graduate expecting soon to 
fimsh a PhD. Expenence in molecular or 
cellular immunology would be desirable. m wm Boer 

We are an ambitious and forward looking Казы ы =< — “GS 
company, which places as much emphasis on — n Ҹ 








Express Dairy UK Ltd., опе of the country's largest 
Dairy Food organisations has a vacancy in the . e 
Research and Development Department. j Immunodiagnostics 


Cambridge BioScience Corporation, а biotech- 
DEVELOPMENT t nology company specializing in infectious 
: disease diagnostics offers exciting positions nits 
Hopkinton, Massachusetts laboratories We are 
ANALY S9 j seeking advanced ievel scientists as well as re- 
I А ' search associates 


c.£8,100 i Molecular 


Working in a small team, this position involves analytical Biology 
instrument evaluation and method development. You ee Vor ge e ee 
will be reporting to the Technical Advisor — Rapid vo 2 ve а ала 
Graduate Sp een Meri aed and ae be a een DUUM ay 

raduate in ytica Chemistry with at least one : 
year's experience in modern techniques of analysis Virology! 
associated with the food industry Immunology 
Acurent driving licence is essential. 

* PhD level with experience in clinical virology 


In addition to the salary detailed, 22 days holiday and * Experience in hybridoma development 
membership of the Company's pension scheme are * Working knowledge of molecular virology 


available on completion of the necessary чале Cambridge BioScience offers а unique апа 
period. stimulating environment and close working 


& associations with academic institutions 
Application forms obtainable from: Quallfled applicants should send resume and 


E salary requirement to: Cambridge BioScience 
Mr:G. D. Evans, Corporation, Personne! Department, 35 
South Street, Hopkinton, MA 01748. 


(NW1806)A 


bleh! 


Personnel Officer — Central Staff, 

Express Dairy UK Ltd., 

Block I, 430 Victoria Road, 

South Ruislip, 

Middlesex, HA4 ОНЕ. 

Tel: DE 845 2345 Ext. 3551/3370. 
(6680)A 
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Experimental 
Nuclear Physicists 


There are vacancies for experimental physicists to join the 
Nuclear Structure Division at Daresbury Laboratory, an 
establishment of the Science and Engineering Research Council 
which operates major national facilities for scientific research 

The group is involved in carrying out and supporting a research 
programme on the Nuclear Structure Facility (NSF), a large tandem 
accelerator which is operating at up to 20 MV on termmal 


Senior Scientific Officer 
Ref. DL/911 


The successful applicant will be required to organise and direct 
Work necessary forthe operation, maintenance and development of 
major equipment for charged particle identification and detection 
used in programmes aimed at studies of nuclear collision dynamics, 
Spectroscopy, and nuclei far from stabihty. Candidates will be 
expected to carry out research in conjunction with university users 
on the NSF and to play an active role in mnating and developing 
new programmes, Other duties will mvolvé the overall coordination 
and scheduling of the scientific programme and the assessment of 
future needs for instrumentation and other facilities on the NSE 

Applicants (male or female) should have a good honours degree 
(or equivalent qualification) in physics and several years 
postgraduate expenence m experimental nuclear research. A Ph.D 
qualification ın nuclear physics and a penod of relevant 
post-doctoral experience would be an advantage. 


Higher Scientific Officer 


Ref. DL/913 


The successful applicant will be required to liaise with university 
research teams using the NSE. Candidates will also be expected to 
collaborate in nuclear research programmes and to play an active 
role in irutiating and developing new programmes. Other duties will 
involve work on the design and development of major equipment 
through to commussioning, operation and mamtenance. As a 
member of the in-house team of scientists he/she will be expected 
to provide expertise in the methods of experimental nuclear 
physics to aid and direct the technical and scientific support staff in 
operating the NSF and for diagnosing problems as they arise. 

Applicants (male or female) should have a good honours degree 
(or equivalent qualification) in an appropraate discipline with а 
penod of relevant post-graduate expenence. A Ph.D degree in 
nuclear physics and a period of post-doctoral experience in 
experimental nuclear research would be an advantage. 

The salary scales according to qualifications and experience for 
the Higher Scientific Officer and Senor Scientific Officer posts are 
£7,435 to £10,039 per annum and £9,329 to £12,050 per annura 
respectively These salary scales are currently under review. 


leave allowance and a flexible working hours scheme. 
CLOSING DATE: 30th June 1985. 
For further information please write or telephone 
Dr J. S. Lilley on Warnngton (0925) 65000, Ext 558. 
Application forms may be obtained from and 
should be retumed quoting the appropnate 
reference number to: The Personnel Officer, 
Science & Engineering Research Council, 
Daresbury, Warrington, 
WA4 4AD. (6624)A 


MACROMOLECULAR CRYSTALLOGRAPHER 


Three-year Postdoctoral Research Associate position. Seeking 
motivated, talented person with experience in experimental aspects of 
structure determination to conduct x-ray diffraction studies Several 
ongoing projects at different stages under the overall theme of inter- 
molecular interactions Excellent facilities for data collection, reduction, 
and analysis: rotating anode generators area detector, oscillation/preces- 
sion cameras, 2 VAX 11-750s, node to CRAY, color vector and raster 
graphics. Exciting work environment within a strong departmental struc- 
ture group including six faculty crystallographers Salary negotiable 
Superb working setting т new building located on cliffs overlooking 
ocean. Send C V and three references to:- 


Elizabeth Getzoff or John Tainer, Department of Molecular 
Biology — MB3, Research Institute of Scripps Clinic, 10666 North 
Torrey Pines Road, La Jolla, CA 92037 (NW1799]A 


Faculty Position available, tenure-track, in molecular 
genetics, with a special interest in membranes. Applicants 
should have research background in recombinant DNA 
technology (preferably also in somatic cell genetics) and 
working knowledge of membrane proteins. M.D. and/or Ph.D. 
in appropriate field required. Successful candidate will hold 
tenure-track appointment (Assistant or Associate Professor, 
depending upon qualifications) in Department of Physiology 
and Molecular Biophysics at Baylor College of Medicine. Joint 
appointments in relevant academic departments also possible. 
Laboratory space and basic equipment provided and initial 
laboratory support available. Successful candidate will devote 
majority of his/her effort to establishing and maintaining an 
independent research program related to the main interests of 
the Department. The Departmentis building a strong program 
in membrane biophysics with expertise in electrophysiology, 
membrane biochemistry, reconstitution, and modelling. Send 
vita, a brief description of past and present research 
experience, and names of three or more references to 


Dr. A. M. Brown, Incoming Chairman, 
Physiology and Molecular Biophysics Department 


[n 
«Ам се, 


Сы 
EDUCA 


A 
Baylor College of Medicine, 
One Baylor Plaza, 
Houston, Texas 77030. 


An Equal Opportunity A/A Employer 


(NW1814)A 


SENIOR SCIENTIFIC PROGRAMMER 


National Optical Astronomy Observatories 
The National Optical Astronomy Obervatories 


(NOAO) needs a senior level programmer for its Detector R&D Program 
in Tucson. Working with sctentists and engineers, the position involves 
development of software to operate state-of-the-art infrared arrays and 
signal processing equipment for astronomical instrumentation We 
require skills in the development of real-time software for data 
acquisition and process control applications and date reduction and 
analysis programs Applicants should have experience in FORTRAN 
and one of the structured languages such as “С”. Experience in a real- 
time programming environment and software signal procesing 15 
required. Knowledge of FORTH, UNIX , and DEC computers is 
desirable. An Electrical Engineering or Computer Science degree and at 
least five years experience as a programmer are required. Other degtee 
background will be considered with more extensive programming 
experience. 


The NOAO, headquartered in Tucson, Arizona, operates Kitt Peak 
National Observatory near Tucson; National Solar Observatory sites at 
Sacramento Peak, New Mexico, and on Kitt Peak; Cerro Tololo Inter- 
American Observatory tn Chile, and the Advanced Development 
Program in Tucson. 


Offering forefront technology challenges, and unclassified workplace, 
and a Sunbelt location, we are an EEO/AA employer with an excellent 
compensation package, including 24 days annual vacation and, after 
one year, a fuly vested retirement plan. 


Send résumé in confidence to: Judy Ruffino, Personnel 
Manager, P.O. Box 26732, Tucson, Arizona 85726. 


Equal opportunity employer. (NW1804)A 


THE ROYAL VETERINARY COLLEGE 
University of London 


Division of Preclinical Studies А 
Department of Physiology, Biochemistry and Pharmacology 


Lecturer in Biochemistry 


Applications are invited from veterinary, science, or medica! graduates 
for a post involving both teaching and research which it is hoped to fill 
оу 1st October 1985. An interest in metabolism and previous experience 
in lipid and lipoprotein biochemistry would be of advantage: 

Salary Scale (under review): £8,753 to £16,158 including London 
Allowance. Universities Superannuation Scheme, Removal expenses 
up to £1,400 reimbursed in approved circumstances. z 
Application form and further details from the Assistant 
Secretary {Personnel}, The Royal Veterinary College, Royal 
College Street, London NW1 OTU. (Tel: 01-387-2898}. 

Closing date for applications’ 17 June 1985 (6630)A 
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UNIVERSITY OF NATAL 
DEPARTMENT OF ZOOLOGY 
ZOOLOGY 


Applications are invited from suitably qualified persons regardless of sex, 
religion, race, colour or national origin for appointment to the post of. 


LECTURER IN BIOLOGY 


Minimum qualifications would be a PhD in Zoology, Botany, Biology or 
a closely allied field and/or suitable academic or research experience. 
The successful applicant will be responsible for teaching a first year 
introductory course, which is essentially a service for students in the 
Faculty of Agriculture. The four major areas covered by the course are 
Cell Biology, Plant Anatomy and Development, Animal Physiology, and 
the Ecology and Evolution of Animals and plants. No particular area of 
expertise is required beyond a sound and comprehensive knowledge of 
biology, but the appointee will be encouraged to actively participate in 
research and to supervise post-graduate students. 

The appointment carries an attractive salary package, details of which 
are obtainable from the Staffing Section on request (telephone 
0331-63320). The salary offered will be determined according to the 
qualificattons and/or experience of the successful applicant. 


Application forms, further particulars of the post and information 
on pension, medical aid, group insurance, service bonus, staff 
bursary, housing loan, and subsidy schemes, long leave conditions 
and travelling expenses on first appointment, are available from 
the Registrar, University of Natal, PO Box375, Pietermaritzburg, 
South Africa, 3200, with whom applications on the prescribed 
form must be lodged not later than 28 June 1985 quoting reference 
PMB 29/85. 


Application forms for overseas applicants are available from the 
Secretary, South African Universities Office, Chichester House, 
278 High Holborn, London WC1V 7HE. (W1895)A 


COMMONWEALTH AGRICULTURAL BUREAUX 


THE LEADING WORLD AGRICULTURAL INFORMATION 
SERVICE FOR SCIENTISTS AND TECHNOLOGISTS 


SCIENTIFIC INFORMATION OFFICER 


REQUIRED AT THE 
COMMONWEALTH BUREAU OF PLANT BREEDING 
AND GENETICS, CAMBRIDGE 


Duties: 
Preparing abstracts for the Journal Plant Breeding Abstracts, which 
covers world scientific literature in this field’ indexing, and answering 
scientific enquiries. 
Qualifications: 240 
A degree in botany, genetics, or a related subject is essential, plus a 
reading knowledge of at least one European language {Slavonic 
languages preferred) and the ability to write good English. Applicants 
must be able to render the contents of scientific publications into 
concise, accurate and readable abstracts. 
Salary: 
In the scales £5,909 —£8, 153 p.a., £7,435—£10,039 p.a. Starting salary 
according to qualifications and experience. 
Application forms and further particulars 
from 
Commonwealth Bureau of Plant 

Breeding and Genetics 
Department of Applied Biology 
Pembroke Street, Cambridge CB2 3DX 
Tel. No: Cambridge (0223) 358381, 
etxn.216. 
Closing date for applications: 20th June, 
1985. 


Consejo Superior de 
Investigaciones Cientificas 


INSTITUTO CAJAL 
(Madrid, Spain) 


Three permanent research positions will be available in 1985 at The 
Cajal Institute for Neurobiology. One of the positions is open for 
neurophysiologist and the other two for specialists in any other branch 
of Neuroscience. The appointments will be at the Research Associate 
level. Applicants must be Spanish citizens and have a M.D. or Ph.D. 
degree. 

Further information may be obtained from: 

The Director, instituto Cajal, Veláquez 144, 28006-Madrid, 
Spain. (w1889)A 
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Bureau of Mineral Resources 
Geophysics Division 
Canberra 


GEOMAGNETISM 


SECTION MANAGER 
A$34757 - A$37028 


The Geomagnetism Section of the Division of Geophysics, 
Bureau of Mineral Resources, comprises a staff of 15. 
The Section is responsible for operating the magnetic 
observatories and conducting magnetic surveys in the 
Australian and Antarctic regions, and also runs a modern 
palaeomagnetic facility. Mission oriented research is 
carried out in the fields of solid- Earth geomagnetism and 
palaeomagnetism. 


Duties: 

The Manager, acting underthe Section Head, is responsible 
for administration of the section, and the co-ordination of 
magnetic (including palaeomagnetic) observatory and 
survey operations. The person appointed will be expected 
toinitiate and participate in aspects ofthe research program 


Qualifications: 

An appropriate degree or equivalent, ability to manage a 
scientific team, experience in magnetic (including palaeo- 
magnetic) observatory and survey operations, the abilityto 
carry out original research in geomagnetism. 
Conditions: 

The BMRis pant of the Australian Public Service. To qualify 
for permanentappointment, applicants mustbe Australian 
citizens. Non-citizens may be appointed under a 3-year 
contract, with the expectation that they seek permanent 
appointment. Conditions ofservice (pension scheme, leave 
entitlement, etc.) are those pertaining to the Australian 
Public Service. Moving and settling-in allowancesare paid 
to persons, and their dependent families, appointed from 
overseas. 


Canberra, the national capital, is located approximately 
280km southwest of Sydney and has excellent educational, 
recreational and sporting facilities. 


Applications, including a curriculum vitae, statement of 
research interests, and names of professional referees 
should be addressed to: Staff Section, Bureau of Mineral < 
Resources, РО. Вох 378 Canberra, А СТ. 2601, Australia. 


& 
Please quote reference: Position No.2409, Geomagnetism. © 
Applications should be submitted before 30th June 1985 2 








Postdoctoral or Research 
Associate Position 


Available July 1, 1985. Project involves function of actin 
isoforms, post-translationally modified tubulin species, and 
microtubule-associated proteins. Biochemisty or molecular 
biology background is desirable; the lab uses these, as well as 
peptide antibody techniques, HPLC, cell culture, and immuno- 
staining. Salary depends on experience. Send curriculum vitae 
and the names of three references to. 

Dr. J.C. Bulinski, Department of Biology, University of 
California, Los Angeles, CA $0024. (NW1805)A 
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THE AUSTRALIAN NATIONAL UNIVERSITY 
Applications are invited from suitably qualified men and women for 
appointment to the following positions 


Research School of Earth Sciences 
POSTDOCTORAL FELLOW/RESEARCH FELLOW/ 
SENIOR RESEARCH FELLOW 
NOBLE GAS GEOCHEMISTRY 


Applications are invited. for an appointment in the School's 
Geochronology and Isotope Geochemistry Group, the field of interest 
being noble-gas geochemistry The appointee will work with Dr lan 
t 1cDougall, Senior Fellow, in developing research in this field, which is 
new to the School. The School wishes to make the appointment at the 
Research Fellow level, but will be prepared to consider applications at 
the level PDF or SRF 


Noble gas investigations are being initiated to assist in elucidation of the 
geochemical evolution of the mantle, the mantle-crust system, and the 
atmosphere Research initially will concentrate on mantle-derived 
racks, with subsequent development of studies on fluids tn the crustal 
environment Provision of a surtable high-resolution gas-source mass 
spectrometer is in hand, and construction of appropriate extraction 
lines is planned. 


Persons with suitable backgrounds in the physical sciences, and with 
particular interests m geochemistry, are encouraged to apply 
Experience in noble gas studies on geological samples would be a great 
edvantage. 


The appointee will assist m developing the laboratory facilities, and will 
be expected to undertake discrete projects within this broad field of 
study Active collaboration with other workers in isotope geochemistry 
is envisaged. Enquiries may be directed to Dr | McDougal! (062 49 4136) 


Closing date. 19 July 1985. Rf: ES/1.5.1. 


Faculty of Science 
DEPARTMENT OF ZOOLOGY 
POSTDOCTORAL FELLOW 

The successful applicant will work on a NH & MRC funded project 
volving gene cloning of sheep parasites particularly larval tapeworms 
and liver fluke Particular interest will be centred on those genes which 
cade for antigens that are involved either in resistance to reinfection or 
immunopathological phenomina. A principal objective will be to obtain 
expression of these antigens in prokaryotic systems Experience in gene 
cloning techniques ts essential and some knowledge of immunological 
procedures would be highly desirable The successful applicant will 
work in the Centre for Recombinant DNA Research, Research School 
ef Biological Sciences (Executive Director. Professor J A Pateman 
FRS). The position is funded for 3 years Previous applicants need not 
reapply as all applications will be considered 


Further information is available from Dr M J Howell, (062) 49 3060 or 
(062) 49 4225 


Closing date 15 July 1985. Ref: FS/1 5.1 


CONDITIONS OF APPOINTMENT: Salary will be in accordance with 
qualifications and experience within the range: Postdoctoral Fellow 
$A21,411-$24,528 pa; Research Fellow $A24,840-$32,634 pa; Senior 
Research Fellow $A34,699-$41,390 pa Current exchange rate is 
SA1 00 — Stg 0 48. 


Grants are provided towards travel and removal, though special 
conditions may apply to persons appointed to externally funded 
positions. Assistance towards housing is given to an appointee from 
outside Canberra. Eligible appointees will be required to join the Super- 
annuation Scheme for Australian Universities Maternity leave is 
available The University reserves the right not to make an appointment 
er to make an appointment by invitation at any time Applicants 
should quote the advertisement reference when requesting 
turther particulars and when submitting applications, which 
should be sent to the Acting Registrar of the University, GPO 
Box 4, Canberra, ACT 2601, Australia. General Information also 
available from the Secretary General, Association of Common- 
vyealth Universities (Appts) 38 Gordon Square, London WC1H 


PF 
THE UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1880)A 


UNIVERSITY OF TORONTO 
DEPARTMENT OF BOTANY 


POSTDOCTORAL FELLOW 


required to work in group studying rnolecular basis of metal-tolerancein 
micro-organisms and higher plants Applicants should have experience 
in recombinant DNA techniques; knowledge of microbial physiology 
and plant ecology an advantage. Salary ts in range of $21,500 Canadian 
Position is available immediately. Please send detailed letter and 
C.V., plus three letters of reference to Prof. T.C. Hutchinson, 
Department of Botany, University of Toronto, Toronto, Ontario, 
Canada M5S 1A1. (NW1809)A 
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VICE PRESIDENT FOR RESEARCH 
THE UNIVERSITY OF GEORGIA 


The University of Georgia invites nominations and applications for the 
position of Vice President for Research. 


Located in Athens, Georgia, The University of Georgia is the nation's 
oldest chartered state university. The University ranks among the top 
50 research institutions in the country and operates with annual 
research expenditures in excess of $80 million across its 13 schools and 
colleges. 


The Vice President for Research will administer the University's 
research resources, serve as an executive officer of the University and 
report to the President. He/she will facilitate and coordinate a vigorous 
expansion of competttively-funded research programs, and seek new 
avenues for creative partnerships with the private sector and 
government agencies She/he will exert strong leadership in the 
organisation and funding of new, interdisciplinary research programs, 
and will formulate reward and incentive systems for faculty 
participation in sponsored research 


Nominees/applicants should have a record of executive-level accorn- 
plishments, knowledge of current R&D environments encompassing 
national and international perspectives in private, public, and govern- 
mental sectors, and should possess a working knowledge of higher 
education, including the nature and scope of university research 
activities. Candidates should have the terminal degree or equivalent 
experience in their discipline, and credentials suitable for appointment 
at the level of professor in the University. 


Nominations should include the nominee's address and telephone 
number. Applications should include a letter of interest, a curriculum 
vitae, and the names and addresses of 5 persons who can serve as 
references. The closing date for receipt of completed applications is 
July 15, 1985. The position may be occupied as early as January 1, 
1986 


Address all nominations and applications to: 


Vice President for Research Search 
Committee AE tay 
c/o Dr Luis M. Proenza 
Office of the President 
The University of Georgia 
Athens, Georgia 30602 


The University of Georgia is an D 6 
Equal Opportunity/ Affirmative Action Employer Psy t 
(NW1795)A 


MAMMALIAN CELL BIOLOGIST 


A Ph.D. with academic or industrial post-doctoral experience is sought 
for a position in a multidisciplinary group studying high density 
mammalian cell culture in the Biotechnology Laboratory of Central 
Research at The Dow Chemical Company. The successful candidate 
will have experience in handling multiple cell lines and associated 
analytical techniques and will have responsibility for the planning, 
organization and execution of a high priority program in the 
development of optimal culture conditions 
For further information, please contact: 

Dr. Kerr Anderson 

Central Research 

Biotechnology Laboratory 

1701 Building 

The Dow Chemical Company 


Midland, MI 48674 (NW1808)A 


SCOTTISH CROP RESEARCH INSTITUTE 
DIRECTOR 


The Governing Body of the Scottish Research Institute invites 
applications for the post of Director which will become vacant on the 
retirement of Professor C E Taylor CBE in March 1986. 


SCRI, which is funded by an annual grant from the Department of 
Agriculture and Fisheries for Scotland, is a major crop research institute 
within the Agricultural and Food Research Service. It's research 
programme requires a wide range of scientific disciplines associated 
with the production and breeding of arable and horticultural crops. 
Candidates should have an established record of sctentific leadership 
and the capability to manage an organisation with over 300 staff. 


Salary; £26,909 per annum non-contributary superannuation scheme 
The Institute is an equal opportunities employer 


Further particulars can be obtained from Mr N D Anderson, The 
Secretary to the Governing Body 

Applications accompanied by a full curriculum vitae and the 
names and addresses of three referees should be lodged with 
the Secretary to the Governing Body, Scottish Crop Research 
Institute, Invergowrie, Dundee DD25DA. 

Closing date 12 July 1985. (6679)A 
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DROSOPHILA 
DEVELOPMENT 


University of Arizona 


Two postdoctoral positions 

available to work on molecular 

aspects of pattern formation a 
in 


Morphogenesss 

position state-funded at the level of 

Visiting Lecturer, with 

opportunities for teaching. Salary 

commensurate with expenence 

Send CV, statement, and names, 
numbers 


of at least three referees to. Dr. 


Biosciences West Building, 
Unversity of Anzona, Tucson, AZ 
85721, USA Position to begin Fall 
1985 An equal opportunity/affir- 
mative action employer 
(NW1801)A 


Post Doctoral Fellow 
Experimental Pathology 


At Smith Kline & French we wish to appoint a Post Doctoral Fellow 
within a new laboratory of our expanding Pathology Department. 

The work will be to apply cell and organ culture techniques to 
the investigation of cell pathology related to new and model 
compounds. Integrated projects with histopathologists, EM and 
Clinical pathologists will also be involved. 

A PhD and post doctoral experience in the use of in vitro 


techniques applied to experimental pathology is required. 
Experience in bone marrow CFU and lymphocyte culture would be 


Clauifled 9 


an 


TWO RESEARCH 


We offer a competitive salary and benefits for this two year 
fixed term appointment. 
Please write for an application form orsend a detailed CV 


ASSOCIATE outlining your 


and experience quoting reference 


number N/123/JW to John Ward, Personnel Officer, 


POSITIONS 


Available immediately. Expenence 
т proteins and recombinant DNA. 
Salary $18,000 to $22,000 

Send CV and three references to 
Dr O P. Bahl, Dept. of Biological 
Ѕаепсеѕ, SUNY at Buffalo, Cooke 
Hall 347, Buffalo, NY 14260. Equal 
Opportunity/Affirmative Action 
Employer (INW1811)A 


UNIVERSITY OF MANITOBA 
Department of Plant Science 
POSTDOCTORAL POSITION 

PLANT СҮТОСЕМЕТСВ eiu : 
out research ont haat ts nei eren m сае These 
studies concern the use of chromosome banding techniques for the 
identification and establishment within an isogenic background, disomic 
substitution lines involving individual chromosomes of rye and their 
homoeologues t. тепсе with chromosome ban 
techniques and electrophoretic analysis of рам proteins in desirable 
The appointment is initially for one m witha 


maximum of two years. 

Starting salary from $18,500 to $20,500 per annum according to 
expenence. А . 

Send curriculum vitae with names and addresses of two referees to'- 

r. E.N. er, Department of Plant Science, University of 

Manitoba, Winnipeg. Manitoba, Canada R3T 2N2.(NW1807IA 





POSITION OPEN 
RESEARCH ASSOCIATE POSITION 


available immediately to study the dynamics of membrane phase 
transitions using 8 novel Аа kinetic calonmeter which 


we have developed We are seeking a person with a Ph.D in Bio- 
chemistry, Biophysics ics or related field for a Research Associate position 
to work on this project 


Our calorimeter measures the thermodynamic phenomenon associated 
with phase transitions in membrane systems via temperatures and 
pressure changes an оруса! roperties. The person we seek must be 

l lipid membranes in pure tem: and mixed with 


d 
able to synthesize artifi 
other constituents, and be able to reconstitute protein recombinant 

he proteins retain their 











Smith Kline & French Research Limited, The Frythe, Welwyn, 
Herts AL6 SAR. 





DEVELOPMENTAL BIOLOGIST 
CORNELL UNIVERSITY MEDICAL COLLEGE 


Applications are invited for a senior or junior tenure-track faculty posi- 
tion. Applicants should have at least two years of postdoctoral ex- 
perience and maintain a research program in earty development or mor- 
phogenesis, using genetic, recombinant DNA, biochemical, im- 
munological, and/or cell biological tools to explore mechanisms of pat- 
tern specification and determination in a vertebrate or invertebrate 
system The position includes supervision of graduate students and 
teaching т а related area 

Send curriculum vitae, research summary. and three letters of 
reference to: Dr. Rosemary Bachvarova, Developmental Search 
Committee, Department of Cell Biology and Anatomy, Cornell 
University Medical College, 1300 York Avenue, New York, 
NY10021. An Equal Opportunity/Affirmative Action Ma pe ta 


















CELL BIOLOGIST 
UNIVERSITY OF ALABAMA AT BIRMINGHAM 

Applications are invited for two semor, tenured positions in the 
Department of Cell Biology at the level of Associate or Full Professor. 
Candidates must have achieved international recognition in cell or 
molecular biology, have a productive and well funded research program 
and be willing to move the program to Birmingham. Preference will be 
given to individuals employing molecular techniques to study the structure 
and function of cell components, growth control, regulation of gene 
expression, cell development or motility. Successful candidates will be 
offered nationally competitive salaries, excellent laboratory space and 
facilities, and an outstanding research environment in a rapidly expanding 
medical center Ample opportunities exist for teaching in the Schools 
of Medicine and Dentistry including gross anatomy, neuroanatomy, 
histology or in а new graduate program in cell biology. 

Applicants should send a curriculum vitae and a brief description 
of past and present research experience and the names of three 
or more references by July 1, 1985 to: B. R. Brinkley, PhD, 
Professor and Chairman, Department of Cell Biology and 
Anatomy, Schools of Medicine and Dentistry, University of 
Alabama at Birmingham, University Station, Birmingham, 
Alabama 35294. An Equal Opportunity/ 
Affirmative Action employer. (NW1785)A 


Clasuhied 10 


Department of Chemistry 
Production and 
properties of 
Silicon-on-Insulator 


materials 

A Postdoctoral position will be 
available from October 1985 for a 
Physical Chemist or Physicist to 
participate in a fundamental study 
of the production of new semi- 
conductor materials. The project 
will employ a novel combination 
of techniques, including electro- 
chemistry and in-situ ellipsometry 
applied to porous silicon sub- 
strates, which are being evaluated 
as the basis of the next generation 
of fast devices. 


Previous experience in electro- 
chemistry or spectroscopy would 
be an advantage, and some 
knowledge of computer program- 
ming or computerised instrumen- 
tation is necessary. The salary will 
be at a pomt on the SERC 1A 
scale commensurate with the age 
and experience of the appointee 


Applications together with the 
names of two referees should 
be sent as soon as possible to: 
Dr. R. Greef, Chemistry 
Department, The University, 
Southampton SOS 5NH, UK, 
from whom further information 
can be obtained. (6670)A 


LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(UNIVERSITY OF LONDON) 


DEPARIMENT OI MEDICAL 
PROTOZOOLOGY 


MOLECULAR BIOLOGIST 


A post-doctoral position will shortly 
become available in this Department 
for a 3-year period for a suitable in- 
dividual who wishes to join a team in- 
vestigating the mechanisms of drug- 
resistance in malaria, under the direc- 
поп of the Head of the Department, 
Professor W Peters. The project will 
be carried out in close association with 
the members of the Wolfson Unit of 
Molecular Medical Microbiology and 
Parasitology who are based in this 
Department. Applicants must have 
training and experience in recombi- 
nant DNA technology and will work 
closely with other members of the 
team who are investigating the very 
practical problem of drug-resistant 
malaria from other points of view, in- 
cluding the evaluation in depth of pro- 
mising new antimalarial compounds. 
The appointment, which will be toi 
up to three years in the fist instance, 
carries a starting salary in the range 
£8,543 to £13,173 per annum. 


Candidates should send, as soon as 
possible, a full curriculum vitae 
describing their previous training, 
research experience and research in- 
terests, together with tne names of 
three referees, to the Personnel Ot- 
licer, London School ot Hygiene and 
Tropical Medicine, Keppel Street, 
London, WCIE 7HT. Please quote 
reference MP2. 

(6632)A 








UNIVERSITY OF GLASGOW 
DEPARTMENT OF BIOCHEMISTRY 


Positions are available for a tem- 
porary lecturer, postdoctoral worker 
and SERC-CASE student. All posts 
are tenable from the 1st of October, 
1985. 


The temporary lectureship is 
available for 3 years and results from 
an MRC-replacement scheme award 
to Dr H C Nimmo. The appointee 
would be encouraged to undertake 
research and to collaborate with ex- 
isting groups within the Department. 


The postdoctoral position is 
available for 2 years to work with 
Professor Houslay's group on 
guanine nucleotide regulatory pro- 
teins and their interaction with 
adenylate cyclase. This appointment 
is funded by the MRC and will be 
made within the first three points of 
the ІА salary scale for research 
workers. 


An SERC-CASE studentship 
award for the study of a PhD is 
available to work jointly with Pro- 
fessor Houslay at Glasgow and Dr 
Baxter at Glaxo. This project is aimed 
at understanding the physiological 
importance of the tyrosine kinase ac- 
tivity associated with the insulin 
receptor. The conditions of this 
award are as generally applicable to 
research council studentships. 


Further information may be ob- 
tained from, and informal enquiries 
may be made to, Professor M D 
Houslay, Department of Bio- 
chemistry, University of Glasgow, 
Glasgow G12 8QQ, to whom applica- 
tion (3 copies), should be made by 
30th June, 1985. (6691)A 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF ZOOLOGY 


POSTDOCTORAL 
RESEARCH ASSOCIATE IN 
NEUROBIOLOGY 


Applications are invited for a 
postdoctoral Research Associate to 
work with a small group, supported 
by the SERC investigating the 
physiology and structure of insect 
brain neurones. Interests are both in 
the operation of synapses which iden- 
tified visual neurones make amongst 
each other, and in the function of 
these neurones in the control of 
behaviour. In particular, we plan to 
compare the membrane properties 
and synaptic structure of different 
neurones, with the aim of understan- 
ding more about the roles of spikes in 
regulating transmitter release from 
neurones. Applicants should have ex- 
perience in ultrastructural or in elec- 
trophysiological techniques, and are 
required either to have or to be close 
to completing a PhD. The appoint- 
ment is for 3 years tenable from 
Ist July 1985 (deferable for up to 6 
months). 


Salary will be up to £8,450 per an- 
num on the Range 1A scale (£7,520 - 
£12,150) according to age, qualifica- 
tions and experience. 


Applications. (2 copies of cur- 
riculum vitae and research ex- 
perience), plus names of 2 referees, or 
enquiries to: Dr P J Simmons, 
Department of Zoology, University 
of Newcastle upon Tyne NEI 7RU 
not later than 13th June 1985. 

(6627)A 





NATURE 
CONSERVANCY COUNCIL 
(Commissioned Research —) 


/ (Contract Post) 


DEPARTMENT OF ENTOMOLOGY 
HIGHER 
SCIENTIFIC OFFICER 
DATA HANDLING/ 
ENTOMOLOGIST 


Applications are invited for a one year 
contract post funded by the Nature 
Conservancy Council, to be based in 
the Entomology Department, 
Rothamsted Experimental Station, 
Harpenden, Herts. The successful 
applicant will be responsible for 
analysing light trap data for moths 
gathered by the Rothamsted Insect 
Survey. The project will investigate 
whether any long term trends are 
apparent for the polulations of 
particular moth species, or for the 
fauna of selected sites. The RIS moth 
data is stored on computer file and so 
previous computing experience 1s 
essential, and some famiharity with 
the British moth fauna would be an 
advantage. 


Qualifications. Candidates should 
have a first or second class honours 
degree, or equivalent, in computing 
studies or in zoology and with at least 
two years relevant postgraduate 
experience. 


Salary depending on age and 
qualifications Higher Scientific 
Officer £7,435 rising to £10,039 per 
annum. 


Application forms and further 
details are available from Miss B A 
Meredith, Personnel 1, Nature 
Conservancy Council, Northminster 
House, Peterborough PE! 1AU. 


The closing date for receipt of 
completed application forms is 21 
June 1985 The Nature Conservancy 
Council 15 an equal opportunity 
employer. (6653)A 





UNIVERSITY OF GLASGOW 


DEPARTMENT OF VETERINARY 
PATHOLOGY 


MOLECULAR VIROLOGY 
UNIT 


A molecular virology unit has been 
established to develop novel vectors 
for the expression of viral antigens in 
mammalian systems. This unit works 
in close collaboration with virilogists 
and molecular biologists in this 
department and at the Beatson 
Institute. 


Three positions, supported by the 
National Institutes of Health, are im- 
mediately available. Applications are 
invited for 2 post-doctoral fellows 
(salary range £8,450 to £10,720 per 
annum) and a research assistant 
(£6,600 per annum). The research 
assistant may apply to register for a 
higher degree. 


The applicants should have ex- 
perience in recombinant DNA 
technology ard a background in 
virology would be an advantage. 
Applications should be sent to, and 
further particulars may be obtained 
from, Professor W FH Jarrett, FRS, 
University of Glasgow Veterinary 
School, Bearsden, Glasgow G61 
1QH {telephone number 041-942 
2301). (6692)A 
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UNIVERSITY OF LONDON 
THE CARDIOTHORACIC 
INSTITUTE 


DEPARTMENT OF MEDICINE 


NEW BLOOD 
APPOINTMENT 


Applications are invited for а ‘Мем 
Blood” appointment in the Depart- 
ment of Medicine. The successful 
candidate is likely to be a clinical or 
non-clinical scientist with experience 
in the application of immunological 
and cell biological methods to study 
of the pulmonary macrophage. He or 
she will be expected to be sufficiently 
experienced to contribute new basic 
scientific ideas in this area and to 
carry these through experimentally in 
the current programme of research 
being conducted in the Department of 
Medicine into the cellular, bio- 
chemical and host defence aspects of 
pulmonary disease. A clinical appoin- 
tee would be expected to co-ordinate 
the programme of laboratory research 
as it is applied to in-patients and out- 
patients, and to participate in the 
teaching activities of the Department. 


Candidates. should not hold a 
permanent University appointment in 
the UK. Appointment will be on the 
Clinical or non-Clinical Lecturer 
scale. A London Allowance is 
payable. 


Apphcants should apply by letter, 
enclosing 8 copies of their curriculum 
vitae, a statement of not more than 
500 words on why they are applying 
lor this post, and naming 3 referees 
to The Secretary, Cardiothoracic 
Institute, Fulham Road, London SW3 
6HP from who further particulars can 
be obtained. Closing date for 
application 21 June 1985.(6645)A 





UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF CHEMICAL AND 
BIOCHEMICAL ENGINEERING 


POSTDOCTORAL AND 
POSTGRADUATE 
RESEARCH ASSISTANTS 


RESEARCH TECHNICIAN 


Applications are invited from 
biochemical and chemical engineers, 
biochemists and microbiologists for 
four posts in the Department of 
Chemical and Biochemical 
Engineering to work on two research 
programmes, 


(1) Biocatalytic reaction involving 
water-insoluable organic compounds 
(supported by SERC). 


(2) Extended use of biocatalysts 
(supported by DTI and seven 
companies through The Institute for 
Biotechnological Studies). 


Appointments for three years 
starting as soon as possible will be 
made on the ІА and IB scale for 
rescarch assistants, and grade 3 scale 
for the technician. 


Applications. including CV and 
names and addresses of two referees 
should be sent to Professor M D Lilly, 
Department of Chemical & Bio- 
chemical Engineering, University 
College London, Torrington Place, 
London, WCIE 7JE. (6652)A 
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THE NATURE 
CONSERVANCY COUNCIL 


SENIOR 
SCIENTIFIC OFFICER 


Co-ordinator for remote sensing of 
the environment 


The successful candidate will be 
required. to assist with the 
management and co-ordination of the 
National Countryside Monitoring 
Scheme. The duties will include 
advising NCC staff on digital 
cartography and the development of 
NCC's use of satellite imagery for 
monitoring purposes. Other 
responsibilities will include liaising 
with the Department of Environment, 
Countryside Commission, 
Countryside Commission (Scotland), 
Institute of Terrestrial Ecology and 
other organisations concerned with 
the monitoring of countryside feature 
through remote sensing. 


Candidates should have a degree in 
an appropriate subject and at least 
four years post graduate experience. 
Essential experience will include 


digital cartography, photogrammetry,” 


statistical analysis and sampling 
Strategies involving remote sensing, 
the ability to write and edit the 
necessary computer software and 
management experience of remote 
sensing programmes. 


Salary range: £9,329 to £12,050. 


For further details and an 
application form, please contact Mr 
S Woodfield, Personnel 1, Nature 
Conservancy Council, Northminster 
House, Peterborough PE! IAU to 
whom completed forms should be 
returned by the 19 June 1985. 


The Nature Conservancy Council is 
an equal opportunity employer 
(6654)A 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF GEOLOGY 


Applications are invited for the 
post of 


RESEARCH ASSISTANT/ 
SENIOR 
RESEARCH ASSISTANT/ 
RESEARCH ASSOCIATE 


to work on a study of fault geometry 
and mechanics using data from col- 
hery plans and records. Applicants 
should be graduates in a branch of 
Earth Sciences and have a good 
grounding in either structural 
geology or geophysics. An interest in 
computing and/or quantitative 
methods in geology would be an 
advantage. There will be no oppor- 
tunity to register for a higher degree. 
A candidate currently registered for a 
higher degree will only be considered 
if thesis submission is imminent. 


Appointment will be from Ist July, 
1985, initially for one year. Imtial 
salary will be within the range £6,600 
— £9,390 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 14th June, 
1985, by The Registrar, The 
University, PO Box 147, Liverpool, 
L69 3BX, from whom further par- 
ticulars may be obtained. 


Quoteref RV/294/N. (6662)А 


VICTORIA UNIVERSITY 
OF WELLINGTON 
DEPARTMENT OF BIOCHEMISTRY 
TEMPORARY 
LECTURER IN 
BIOCHEMISTRY 


Applications are invited for the above 
position, which is available from 1 
February 1986. Applicants should 
have recently obtained a PhD in con- 
temporary biochemistry. The most 
desirable areas of expertise are those 
of molecular biology (in particular 
recombinant DNA technology), 
molecular enzymology or protein 
chemistry. The research interest of the 
Department lie in mechanistic studies 
in biochemical pharmacology and tox- 
icology with a bias towards projects 
of agricultural significance The ap- 
pointeee will be expected either to 
redirect his or her expertise into ex- 
isting projects or to initiate new 
research compatible with departmen- 
tal interests. Experience in relevant 
fields such as biochemical phar- 
macology or insect biochemistry or 
toxicology would therefore be 
advantageous 


Salary will be the range NZ$23,622 
— NZ$27,928 per annum. The ap- 
pointment will initially be for a period 
of two years. Extension for a third 
year may be possible depending on the 
outcome of a review of the Life 
Sciences at Victoria University. 


Conditions of Appointment and 
method of application are available 
from the Secretary General, Associa- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH 0PF; or the Administrative 
Assistant. (Appointments), Victoría 
University of Wellington, Private 
Bag, Wellington, New Zealand, with 
whom applications close on 26 July 
1985. (W1901)A 


THE SCHOOL OF 
PHARMACY 
University of London 


DEPARTMENT OF 
PHARMACEUTICAL CHEMISTRY 


POSTGRADUATE 
Research Opportunities in 
Pharmaceutical Chemistry 


Applications are invited for a number 
of positions for postgraduate research 
leading to higher degrees Candidates 
should have or expect to have a good 
honours degree in pharmacy, chemis- 
try, biochemistry or biophysics. 


Research Council and industrially 
sponsored projects on offer include. 


(a) Diffusion and light scattering of 
biopolymer systems 

(b) Applications of fast atom bom- 
bardment mass spectrometry in phar- 
maceutical and biological chemistry 
(c) Chemical and biological NMR 
spectroscopy; and 

(d) Synthesis and structure of natural 
products and peptides. 


Applications should indicate area(s) 
of interest, giving names of two 
academic referees and two copies of 
CV and, to be sent to: Personnel Of- 
ficer, The School of Pharmacy, 29/39 
Brunswick Square, London, WCIN 
{AX (6674)A 


MICROBIOLOGIST 


Molecular Immunology 
Division 
The Molecular Immunology Division of Allelix Inc. is seeking a 
microbiologist with experience in the culture, maintenance and 
isolation of clinically important infectious agents for the Product 
Development Group. The successful candidate will work in a 
team developing rapid diagnostic immunoassays for the 
diagnosis of infectious diseases. This individual will possess a 
Ph.D. in microbiology and at least two years’ post-doctoral 


experience in clinical microbiology. Experience in immunoassay 
and protein chemistry techniques will be advantageous. 


Allelix provides the opportunity to learn from and interact with 


experienced staff scientists, in addition to the immediate project 
leader, in a well-equipped laboratory. Salaries and benefits are 
at fully competitive levels. 


Interested candidates are asked to send complete 
resumés, including three references and quoting file 


number MIOO1, to: 


Dr. J.G.R. Hurrell 


Allelix. 


6850 Goreway Drive 
Mississauga, Canada 
L4V 1Р1 





UNIVERSITY OF 
LEICESTER 


DEPARTMENTS OF ZOOLOGY AND 
OBSTETRICS AND GYNAECOLOGY 


SENIOR DEMONSTRATOR 
IN REPRODUCTIVE 
PHYSIOLOGY 


Applicants are invited for a post of 
Senior Demonstrator in Reproductive 
Physiology. This will be a joint ap- 
pomtment in the Department of 
Zoology and Obstetrics and 
Gynaecology Applicants should have 
experience in tissue culture and/or the 
culturing of mammahan embryos, 
and should preferably be post- 
doctoral. The appointee will be re- 
quired to assist in collaboration with 
the two departments in developing a 
programme of extracorporeal fer- 
tilisation There will also be a teaching 
commitment in the area of cell and 
developmental biology ir. the Depart- 
ment of Zoology. The appointment 
will be for two years. 


Initial salary will depend on age and 
experience on the scale £7,520 10 
£12,150 (under review). 


Further particulars from the 
Registrar (Appointments), University 
of Leicester, Laiersity Road, 
Leicester LE! 7RH (telephone 0533 
554455 ext 233), to whom applications 
on the form provided should be sent 
by 17 June 1985. Informal enquiries 
can be made to Profesor H C 
Macgregor, Department of Zoology 
Telephone 0533 554455 ext 115 

(6642)A 


(NW1810)A 


UNIVERSITY OF THE 
WEST INDIES 
St Augustine, Trinidad 


DEPARTMENT OF MECHANICAL 
ENGINEERING, 
INDUSTRIAL ENGINEERING 
PROGRAMME 


LECTURER/ 
ASSISTANT LECTURER 


Applications are invited for the post 
of Supernumerary Lecturer/Assistant 
Lecturer in the Department of 
Mechanical Engineering, Industrial 
Engineering Programme, specialising 
in Operations Research and Produc- 
tion/Investment Planning. The ap- 
pointment will be two years. 


Salary scales: Lecturer: TT$54,708 
x 1,908 — $66,156 (Bar) x 1,908 — 
$77,604; Assistant Lecturer: 
TT$45,480 x 1,908 — $49,296. 
FSSU Unfurnished accommodation 
if available at 10% or furnished at 
12% or housing allowance of 20% of 
pensionable salary. Up to five full 
economy passages on appointment 
and on normal termination. Study 
and Travel Grant 


Detailed applications giving 
quahfications and experience and 
naming three referees to the Campus 
Registrar, University of West Indies, 
St Augustine, Trinidad, West Indies. 
Details of post sent to all applicants, 
but also available from the Secretary 
General, Association of Com- 
monwealth Universities (Appts), 36 
Gordon Square, London WCIH OPF. 

(W1902)A 
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CANCER RESEARCH 


The AMC Cancer Research Center seeks to expand its laboratory and 
clinical research programs. Individuals at all levels, from Post-doctoral 
Fellows to Department Chairmen, will be considered. Current interests 
include tumor cell biology, tumor immunology, experimental 


hematology, 


monocional antibodies, 


cell kinetics, nucleic acid 


metabolism, nuclear magnetic resonance imaging, as well as clinical 
and national community research and control programs. Scientists 
tAssistant Professor equivalent) will be expected to vigorously develop 
independent research. Senior Faculty must be of national prominence 
and hold significant external funding. Opportunities exist for collabora- 
чоп and growth Facilities, equipment and initial research support are 
available. Clinical resources on campus include a 32 bed inpatient unit, 
outpatient clinics and services. Individuals with interests bridging 
laboratory and clinical cancer research are particularly sought. Send 
Curriculum vitae and other pertinent information to: 
Dr. Philip Furmanski 
Associate Director 
AMC Cancer Research Center 
1600 Pierce Street 
Denver, Colorado 80214 


UNIVERSITY OF THE 
WEST INDIES 
MONA, JAMAICA 


DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for the 
following posts in the University of 
the West Indies 


LECTURER/ASSISTANT 
LECTURER 


It is desirable for teaching purposes 
that the successful applicant should 
have a broad training in Bio- 
chemistry. Certain areas of research 
interest are particularly welcome, eg 
plant biochemistry, toxicology, 
nutrition, immunology, biotech- 
nolpgy. Duties to be assumed as soon 
as possible. 


Salary scales (under review): Lec- 
turer (non-medical) J$23,688 x 
768 - 28,296 (В) x 825-33,246. 
Assistant Lecturer (non-medical) 
J$20,379 x 717-21 ,813. 


Up to five full economy class 
passages plus baggage allowance up 
to US$900 on appointment and nor- 
mal termination. Special allowance 
up to US$900 on appointment and 
normal termination. Special 
allowance up to US$300 for shipment 
of academic books and teaching/ 
research equipment on appointment. 
Unfurnished accomodation at 10% 
of pensionable salary or housing 
allowance of 20% of pensionable 
salary. UWI contribution of 
equivalent of 10% of salary to Super- 
annuation Scheme. Subsidized 
Health Service. Annual Book 
Allowance. Annual Study and Travel 
Grant for self, spouse and three 
children. Transportation allowance 
to persons who own and operate a 
motor vehicle. 


Detailed applications (three 
copies) giving full particulars of 
qualifications and experience, date of 
birth, marital status, and the names 
and addresses of three referees 
should be sent as soon as possible to 
the Campus Registrar, UWI, Mona, 
Kingston 7, Jamaica. Applicants in 
the UK should also send one copy to 
the Assistant Secretary General (Ap- 
pomtments), Association of Com- 
manwealth Universities, 36 Gordon 
Square, London МСІН ОРЕ. Fur- 
ther details obtainable from either 
source. (W1905)A 


(NW1798)A 





THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 
London WIP 6DB 
(University of London) 


DEPARTMENT OF ANATOMY AND 
BIOLOGY AS APPLIED TO 
MEDICINE 


POST-DOCTORAL 
RESEARCH ASSISTANT IA 


Applications are invited for this 
SERC supported post, tenable from 
October |, 1985 (or earlier), 10 work 
for 3 years on cell contact and 
movement using advanced fluores- 
cence methods. 


Written applications, including the 
names of two referees, should be sent 
to Professor D Gingell at the above 
address. (6650)A 


TECHNICAL UNIVERSITY 
OF GRAZ, AUSTRIA 


The Chemistry Department of the 
Technical University of Graz invites 
applications for the position of a 


FULL PROFESSOR OF 
PHYSICAL CHEMISTRY 


at the Institute of Physical and 
Theoretical Chemistry. Applicants 
are expected to be internationally 
recognized researchers having ap- 
propriate teaching experience to 
ieach the full course program of 
Physical Chemistry. Willingness to 
cooperate with existing research 
groups at the institute (crystal struc- 
ture, theoretical chemistry, spec- 
troscopy and magnetochemistry, 
solid-state chemistry, quantum 
chemistry) and interest in inter- 
disciplinary team work is expected. 
Candidates are asked to send their 
resume (curriculum vitae, teaching 
experience, list of publications etc) 
and reprints of five of their most im- 
portant publications. 


Application deadline 1s September 
16, 1985. Submit your application 
and resume to: Dekan der Technisch- 
Naturwissenschaftlichen Fakultat 
der Technischen Universität Graz, 
Petersgasse 16, A 8010 Graz, 
Austria, where also additional infor- 
mation may be requested. 

(WI89DA 


UNIVERSITY OF 
CALIFORNIA 


DEPARTMENT OF PHYSICS 
ENDOWED CHAIR 
PROFESSOR OF PHYSICS 


The UCLA Physics Department has 
an open Endowed Chair position. An 
appointment will be considered in any 
field of experimental or theoretical 
physics. The successful candidate will 
have a regular University of 
California tenured faculty position; 
the endowment income will support 
the candidates’ program. 


The successful candidate will be 
expected to lead an internationally 
recognized research program, and to 
teach at the graduate and under- 
graduate level. 


Applicants should send a 
curriculum vitae, a brief statement of 
past, present, and future research 
interests, and the names of 5-10 
referees to C Kennel, Chair, 
Department of Physics, University of 
California, Los Angeles, CA 90024. 


The department is especially 
interested in identifying women and 
minority candidates. 


The University of California is an 
affirmative action/equal opportunity 
employer. (NW1435)A 


UNIVERSITY OF 
SOUTHAMPTON 


CHAIR OF 
OCEANOGRAPHY 


Applications are invited for the Chair 
of Oceanography which will become 
vacant on the retirement of Professor 
H Charnock, FRS, on 30 September 
1986. Applicants should have research 
interests im the physically-related 
marine sciences and the ability to 
foster work in a multi-disciplinary 
field. 


Further details may be obtained 
from the Secretary and Registrar, The 
University, Southampton SO9 5NH, 
to whom applications (10 copies from 
persons in the UK) should be sent 
before 12 July 1985. (6626)A 


UNIVERSITY OF 
ABERDEEN 


DEPARTMENT OF PHYSIOLOGY 
RESEARCH ASSISTANT 


Applications are invited for the above 
post, tenable for up to three years, to 
work on a project concerned with 
thermal changes in the immersed 
human body. This phase of the work 
1s a theoretical study and will involve 
mathematical modelling. Applicants 
should have, or expect to get, a good 
honouts degree, ideally with some ex- 
perience of modelling biological 
systems but ability and enthusiasm 
could offset lack of experience. 


Salary within range £6,600 — 
£7,520 on ihe IB Scale for Research 
and Analogous Staff, with ap- 
propriate placing (scale under review). 


Further particulars and application 
forms from The Secretary, The 
University Aberdeen, with whom ap- 
plications (2 copies) should be lodg- 
ed by 28 June 1985. (6622)A 


THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Applications are invited from 
suitably qualified men and women 
for appointment to the following 
position: 


RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 


DEPARTMENT OF 
DEVELOPMENTAL BIOLOGY 


POSTDOCTORAL FELLOW - 
MOLECULAR ANALYSIS OF 
DEVELOPMENT PROJECT 


A Postdoctoral Fellow is required in 
the Department of Developmental 
Biology for a project on genetic 
analysis of events in the cell cycle of 
Chlamydomonas. A background in 
genetics, biochemistry and ultra- 
structural analysis would be advan- 
tageous. The position will commence 
on | January 1986. 


Further particulars can be obtain- 
ed from Professor B Gunning, Head 
of Department (062) 49 2372, or from 
Dr P CL John (address until 31 July 
1985, Department of Botany, 
Queen’s University of Belfast, 
Belfast ВТ? INN, UK). 


Closing date: 31 July 1985. Ref: BS 
15/5/1. 


Conditions of appointment: Salary 
will be in accordance with quali- 
fications and experience within the 
range: Postdoctoral Fellow $A22,614 
- $25,905 pa. 


Appointment, unless otherwise 
stated, will be: Postdocotral Fellow 
normally two years, with the possi- 
bility of extension to maximum of 
three years. 


Grants are provided towards travel 
and removal. Assistance towards 
housing is given to an appointee from 
outside Canberra. Eligible ap- 
pointees will be required to join the 
Superannuation Scheme for 
Australian Universities. Maternity 
leave is available. The University 
reserves the right not to make an ap- 
pointment or to make an appoint- 
ment by invitation at any time. Ap- 
plicants should quote the advertise- 
ment reference when requesting fur- 
ther particulars, and when sub- 
mitting applications, which should be 
sent to the Acting Registrar of the 
University, GPO Box 4, Canberra, 
ACT 2601, Australia. Further infor- 
mation also available from the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH ОРЕ. 


The University is an equal oppor- 
tunity employer. (W1904)A 


POSTDOCTORAL 
POSITION 


Is available immediately to study 
functional role of insulin in the brain 
at the cellular level with Drs. D.W. 
Clarke and M.K. Raizada. Ex- 
perience in cell culture and 
biochemical techniques is a 
disirable. Experience with 
immunocyto-chemistry would be 
helpful. Contact Dr. Mohan K 
Raizada, Dept of Physialogy, 
J274, Univ of Fla Смі, FL 32610 
or telephone 904 392-3791. 
(NW1802)A 
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AFRC FOOD RESEARCH 
INSTITUTE — BRISTOL 
LANGFORD, 
BRISTOL BS18 7DY 


SCIENTIFIC OFFICER/ 
HIGHER SCIENTIFIC 
OFFICER (85/17) 


ASSISTANT SCIENTIFIC 
OFFICER (85/19) 


SHORT TERM CONTRACTS 
(3 YEARS) 


Applications are invited for 2 short 
term contracts (3 years) to examine 
gaseous forms of preslaughter anaes- 
thesia in pigs and poultry. The project 
is aimed at resolving some of the 
humanitarian problems associated 
with the slaughtering of livestock 


Salary SO/HSO £5,909 — £10,039. 
ASO £4,456 — £6,315. 


Qualifications SO/HSO (Post 
85/17) Degree in a Biological Science 
with relevant post-graduate research 
experience 


ASO (Post 85/19) HNC in Biology. 


Further particulars and an 
application form from the Personnel 
Officer at the above address. 


The Agricultural and Food 
Research Council is an equal 
Opportunities employer (6649)А 


UNIVERSITY OF GLASGOW 


DEPARTMENTS OF 
BIOCHEMISTRY AND 
PHARMACOLOGY 


WELLCOME LECTURESHIP 
IN MOLECULAR 
PHARMACOLOGY 


Applications are invited for a 
Wellcome Lectureship in Molecular 
Pharmacology to be held jointly in the 
Departments of Biochemistry and 
Pharmacology. The appointment will 
be for three years: it may be renewed 
for a further two years subject to 
satisfactory progress. Applicants 
should not be more than 35 years of 
age and persons having a permanent 
University post in the UK are 
ineligible. 


The successful applicant will con- 
tribute to the teaching tn both depart- 
ments and in research will become 
part of an active interdepartmental 
group. The departments are in the 
process of appointing a *New Blood' 
lecturer to the same group. 


The salary will be within the range 
of £7,520 — £14,925 per annum of the 
Lecturer's scale, with placement ac- 
cording to age, qualifications. and 
experience. 


Those wishing to be considered 
should send eight copies of a state- 
ment of their qualifications and ex- 
perience, including a list of publica- 
tions and the names and addresses of 
not more than three persons to whom 
reference may be made, to Professor 
R M S Smellie, Department. of 
Biochemistry, University of Glasgow, 
Glasgow, G12 8QQ, not later than 
21st June, 1985, from whom further 
particulars may be obtained. The ap- 
plications must be accompanied by a 
summary of not more than 500 words 
outlining the proposed research. 

(6666)A 


HEINRICH-PETTE- 
INSTITUT FÜR 
EXPERIMENTELLE 
VIROLOGIE UND 
IMMUNOLOGIE 


AN DER UNIVERSITAT 
HAMBURG 


Applications are invited for the 
Tenure Position of 


HEAD OF DEPARTMENT OF 
MOLECULAR BIOLOGY 


Candidates with extensive scientific 
experience are expected to lead a re- 
search group in the general field of 
molecular biology. Budget and 
tenure positions are available. The 
Hemnrich-Pette-Institut is an indepen- 
dent research establishment, active in 
the fields virology, immunology, and 
cell biology. Administrative experi- 
ence and willingness to participate in 
running affairs of the institute are 
required. Teaching at the University 
of Hamburg is on voluntary basis. 
The salary is according to BAT I and 
depends on age and family status. 


Applications including curriculum 
vitae and list of publications should 
be sent: An das Direktorium, 
Heinrich-Pette-Institut, 
MartinistraBe 52, D-2000 Hamburg 
20, Federal Republic of Germany. 
Closing date 31 August 1985. 

(W1892)A 





LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 


(University of London) 
DEPARTMENT OF ENTOMOLOGY 


LECTURER OR 
SENIOR LECTURER 


Applications are invited from 
medical entomologists for a tenured 
post in the Entomology Department. 
Preference will be given to applicants 
combining tropical experience with 
an outstanding record in research, 
preferably in biochemistry, ecology, 
population dynamics, or insect 
behaviour, but experience im any field 
within entomology applied to human 
health will be considered. 


The person appointed will be ex- 
pected to develop active research pro- 
grammes, with overseas connections, 
and the extensive facilities of the Lon- 
don School will be available for this. 


Appointment will carry a salary in 
the range £8,753 to £18,938 (inclusive 
of London Weighting) on the Univer- 
sities’ Lecturer or Senior Lecturer 
scale according to age, qualifications 
and experience, with membership of 


Further information may be ob- 
tained from Professor A N Clements 
(01-636 8636 ext 348). Applications 
with full curriculum vitae and the 
names of three referees should be sent 
to the Personnel Officer, London 
Schoo! of Hygiene and Tropical 
Medicine, Keppel Street, London 
WCIE 7HT. 


Closing date: 5 July 1985 
(6635)A 


Classified 13 


We are a major Italian pharmaceutical company 
with a growing interest in biotechnology. 


We are looking for an experienced 


BIOCHEMIST/ 
IMMUNOCHEMIST 


For a newly created laboratory of biochemistry and immunology, 
located in the urban area of Milan, Italy. 

Potential candidates should have a doctorate degree and post-doctoral 
training Previous experience in hybridoma technology for diagnostic 


purposes would be considered an advantage 


We Offer: 


— career opportunities based on performance; 
— 8 competitive salary in accordance with experience and 


qualifications; 


— astimulating, dynamic work environment; 
-- assistance in relocation expenses 


Candidates from EEC Countries are encouraged to apply. 


Please contact in confidence: 


P.O. Box 10119 


Personnel Dept. 


20110 Milan, Italy 


INSTITUTE OF OBSTETRICS 
AND GYNAECOLOGY 


(University of London) 
HAMMERSMITH HOSPITAL 
RESEARCH ASSISTANT 


Applications are invited for the post 
of research assistant for up to 3 years 
to work on arachidonic acid 
metabolism in fetal growth retar- 
dation. Candidates should have or 
expect to obtain a 151 class or upper 
2nd class honours degree in 
Biochemistry. The successful appli- 
cant will be expected to register for a 
PhD in London University. 


Further information from and ap- 
plications to Professor M G Elder In- 
stitute of Obstetrics and Gynacology, 
Hammersmith Hospital, Du Cane 
Road, London W120HS. (6633)A 


THE UNIVERSITY OF 
SUSSEX 


SCHOOL OF BIOLOGICAL 
SCIENCES 
BIOCHEMISTRY LABORATORY 
WELLCOME LECTURESHIP 
IN BIOCHEMISTRY 


Applications are invited for the 
Wellcome Lectureship іп 
Biochemistry Applicants should 
have research experience, preferably 
in the area of the biochemistry of 
secretion of polypeptide hormones, 
growth factors or neuropeptides. 
Those holding tenured positions are 
not eligible for consideration, and 
applicants should not normally be 
over 35 years in age. 


Appointments will be for 3 years in 
the first instance, renewable for a fur- 
ther 2 years, subject to a satisfactory 
review. The salary will be on the 
University Lecturer scale (£7,520 to 
£14,925 pa). 


Send self addressed envelope (6” x 
9°’) for further particulars and an ap- 
plication form to Mrs L Vivian, Per- 
sonnel Office, Sussex House, The 
University of Sussex, Falmer, 
Brighton BN1 9RH, Sussex. Closing 
date for applications 10th June 1985 

(6629)A 


(W1898)A 





UNIVERSITY OF BATH 
SCHOOL OF CHEMISTRY 


POST DOCTORAL 
RESEARCH OFFICER 


Applications are invited for a 
Research Officer to work with Dr S 
Mann for three years beginning Oc- 
tober 1985 to investigate the structural 
and mechanistic properties of 
magnetic solids formed in bacteria. 
Applicants should have a strong in- 
terest in structural inorganic chemistry 
and have some experience in electron 
microscopy and electron diffraction. 


Starting salary up to £7,980 pa 
(under review). 


Application forms from the Per- 
sonnel Officer, University of Bath, 
Bath BA2 7AY, quoting ref no 
85/79. Closing date. 13/6/85. 

(6619)A 


UNIVERSITY OF GLASGOW 


DEPARTMENT OF VETERINARY 
PATHOLOGY 


MOLECULAR VIROLOGY 
UNIT 


A molecular virology unit has been 
established to develop novel vectors 
for the expression of viral antigens in 
mammalian systems. This unit works 
m close collaboration with virologists 
and molecular biologists in this de- 
partment and at the Beatson 
Institute, 


Three positions, supported by the 
National Institutes of Health, are 
immediately available. Applications 
are invited for 2 post-doctoral fellows 
(salary range £8,450 to £10,720 per 
annum) and a research assistant 
(£6,600 per annum). The research 
assistant may apply to register for a 
higher degree. 


The applicants should have experi- 
ence ın recombinant DNA techno- 
logy and a background in virology 
would be an advantage. Applications 
should be sent to, and further 
particulars may be obtained from, 
Professor W ЕН Jarrett, FRS, Uni- 
versity of Glasgow, Veterinary 
School, Bearsden, Glasgow, G61 
IQH (telephone number 041-942- 
2301). (6658)A 


Clasatied. 14 





BIOTECHNOLOGISTS! 


Whar's going on in the world's fastest- 
growing scientific discipline? 
To find out, send for a sample copy of 


BIO/TECHNOLOGY, the Intemational 
Monthly for Biology and Industry, to 


Felicity Parker, Macmillan Journals, 
Houndmills, Basingstoke, Hants. 


RG21 2XS, UK 
or 


Paul Siman, Bio/Technology, 
65 Bleecker St., New York, NY 10012. 








MOLECULAR BIOLOGIST 


Applications for an assistant profes- 
sorship are invited from individuals 
with major commitment toward re- 
search and whose interests are in the 
structure, regulation or expression of 
virel, or mammalian, genes. Exper- 
tise in genetic engineering of 
enzymology-protein chemistry, an 
asset. Knowledge of or readiness to 
learn French essential. Send appli- 
cations to: Dr Pierre Bourgaux, 
Directeur, Département de Micro- 
biologie, Faculté de Médecine, 
Centre Hospitalier Universitaire, 
Université de Sherbrooke, Sher- 
brooke, Québec, Canada JIH 5N4. 
(NW1790)A 





CHARING CROSS AND 
WESTMINSTER MEDICAL 
SCHOOL 


(University of London) 


DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH ASSISTANT 


required to investigate the organi- 
sation of Campylobacter DNA, par- 
ticularly the structure and expression 
of toxin genes. Previous experience, 
preferably postdoctoral, in prokary- 
otic molecular genetics and recombi- 
nant DNA techniques is essential. 
Experience with expression vectors is 
desirable The successful applicant 
will join a group working on various 
applications of molecular biology to 
clinical problems. 


The post is available immediately 
for a fixed term period of up to three 
years, Salary will be on Scale 1A for 
Research and Analogous staff, 
(£7,520 — £12,150 pa) at a point 
appropriate to age and experience 
plus £1,233 pa London Allowance. 


For further information concern- 
ing the project or the department, 
telephone Dr L Archard, 01-741 
1858. 


Applications on forms obtainable 
from The Secretary, Charing Cross 
ard Westminster Medical School, 
The Reynolds Building, St Dunstan's 
Road, London, W6 8RP, to be 
submitted within three weeks of the 
appearance of this advertisement. 

(6625)A 


UNIVERSITY OF LONDON 


RANK CHAIR OF 
PHYSIOLOGICAL 
BIOCHEMISTRY TENABLE 
AT IMPERIAL COLLEGE 
OF SCIENCE AND 
TECHNOLOGY 
The Senate invite applications for the 
above Chair, tenable in the Depart- 


ment of Biochemistry at imperial Col- 
lege of Science and Technology. 


Candidates should have 
demonstrated an interest in cellular 
biochemistry and/or control of in- 
tegrated physiological processes. They 
should have significant research ac- 
complishments and an interest in the 
teaching of these aspects of 
biochemistry in advanced 
undergraduate courses. 


Applications (10 copies) must be 
received not later than 15 July 1985 
by the Academic Registrar (N.), 
University of London, Malet Street, 
London WCIE 8HU, from whom 
further particulars should first be 
obtained 

(6631)A 


NEUROENDOCRINE 
RESEARCH GROUP 
DEPARTMENT OF ANATOMY 


UNIVERSITY OF 
CAMBRIDGE 
We are seeking a postdoctoral 
physiological psychologist, or 
relevantly qualified zoologist or 
clinical graduate to join a multi- 
disciplinary research tea investi- 
gating the neuroendocrine basis 
of social behaviour and anxiety in 
an experimental setting. The 


position is funded by the MRC 
and available immediately; the 
initial appointment is for 1 year, 
renewable for up to 5 years in 
total 


Please send applications (in- 
cluding CV) to Mrs J Penton, 
Department of Anatomy, Uni- 
versity of Cambridge, 
Downing Street, Cambridge 
CB2 3DY by July 1st, and 
arrange for references to be 
sent direct from 2 referees. 
(6686)A 





THE ANIMAL VIRUS 
RESEARCH INSTITUTE 


POST-DOCTORAL 
MOLECULAR BIOLOGIST 


Applications are invited for a 3 year 
appointment to work on analysis of 
the genome structure of classical 
swine fever (hog cholera) virus and its 
relationship to bovine virus diar- 
rhoea. The work will involve 
molecular cloning of the genome 
RNA and nucleotide sequence deter- 
mination. The successful applicant 
will work with Dr Charles Penn in the 
Division of Molecular Biology 
He/she should have a degree in 
biochemistry, microbiology or a 
related subject and a PhD. Ex- 
perience in gene cloning would be an 
advantage. 


The salary will be in the scale of 
£7,435 - £10,039 (Higher Scientific 
Officer grade) pay award pending. 
Sick leave and non-contributory 
superannuation schemes, 22 days an- 
nual leave. Accomodation may be 
available. The AVRI is an equal op- 
portunity employer. 


Application to include a cur- 
riculum vitae and the names of two 
referees should be sent as soon as 
possible to the Secretary, Animal 
Virus Research Institute, Ash Road, 
Pirbright, Woking Surrey GU24 
ONF. Tel:0483232441. (6640)А 


UNIVERSITY OF 
SHEFFIELD 


DEPARTMENT OF BIOCHEMISTRY 
TEMPORARY 
LECTURESHIP 


A vacancy exists for a Temporary 
Lecturer as a result of Dr J R Burton 
being awarded a five-year Research 
Fellowship by the Lister Institute. 
Candidates with research interests in 
any area of Biochemistry are eligible 
to apply for preference may be given 
to those with experience of 
recombinant-DNA technology or ım- 
munology. It 1s expected that the suc- 
cessful candidates will be appointed 
for a period of three years with the 
possibility of extension for a further 
two years. 


Salary within the range £7,520 — 
£11,675 on the non-clinical lecturers 
salary scale. 


Applications including the names of 
three referees should be sent to the 
Personnel Department (Academic 
Staffing), the University, Sheffield 
S10 2TN by 14 June 85 from whom 
further particulars are available. 
Quote ref: R275/G (6617)A 


UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF PATHOLOGY 
DIVISION OF IMMUNOLOGY 


SCIENTIST 


A Scientist with а post-graduate 
qualification in Biochemistry or 
Organic Chemistry is required to join 
In a project investigating the 
development of immunoassay systems 
using red cell-labelled antibodies. 
Experience in protein. chemistry or 
immuno-chemistry desirable Тһе 
appointment 1s for two years in the 
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UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF BIOCHEMISTRY 
AND MICROBIOLOGY 


RESEARCH ASSISTANT 


Applications are invited for the 
above post, tenable immediately for 
up to two years, to work on the iso- 
lation of cNDA clones for the struc- 
tural glycoprotein present in human 
aorta. A range of microbiological, 
immunological and gene cloning 
techniques will be involved. 
Applicants should have an honours 
degree in an appropriate discipline. 


The appointment is funded by the 
Maitland Ramsay Trust. Starting 
salary within the range £6,600 to 
£7,980 per annum (under review) 
according to age and experience, on 
the IB scale, plus USS. 


Further information can be 
obtained by writing or by telephone 
from professor Serafini-Fracassini 
(tel 0334-76161, ext 275). 


Applications (2 copies preferably 
in typescript) enclosing a full curricu- 
lum vitae and the names of 2 referees 
should be sent to the Establishments 
Officer, The University, College 
Gate, St Andrews, Fife KY169AJ to 
arrive not later than 20 June 1985. 

(6661)A 


UNIVERSITY OF OXFORD 


DEPARTMENT OF NUCLEAR 
PHYSICS 


APPOINTMENT OF 
RESEARCH OFFICER 


The department will shortly appoint 
a Research Officer in Particle 
Physics. Whilst mainly a research ap- 
pointment, the appointee will be re- 
quired to undertake seventy-two 
hours a year of laboratory demon- 
strating and he/she will be encourag- 
ed to give graduate lectures. The 
research programme of the experi- 
mental particle physics group m- 
cludes the Soudan П search for pro- 
ton decay, a major contribution to 
the DELPHI detector for LEP 
(CERN), preparation for an experi- 
ment at HERA (DESY), and 
development of an indium detector 
for solar neutrinos. 


The appointment will be for three 
years with possible extension to five 
years. Salary will be on the Lecture 
scale £7,520 - £15,930 (under review). 


Applications with the names and 
addresses of two referees should be 
sent to Mr M S Gautrey, Department 
of Nuclear Physics, Keble Road, Ox- 
ford from whom further particulars 
may be obtained. The closing date is 
September 5th 1985. 

(6676)A 


first instance, possibilities of an 
extension. 


-Enquiries to Professor R К A 
Coombs, Division of Immunology, 
New Adenbrooke's Hospital, Hills 
Road, Cambridge. Tel Cambridge 
0223 245171 ext 336. Age up to 30 


Salary range: University scales age 
related. 


Formal applications together with 
currculm vitae and the names and 
addresses of two referees to The 
Superintendent, Department of 
Pathology, Tennis Court Road, 
Cambridge CB2 19Р. (6667)A 
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UNIVERSITY OF 
LEICESTER/DARESBURY 
LABORATORY 


POST-DOCTORAL 
RESEARCH ASSOCIATE IN 
EXPERIMENTAL X-RAY 
DIFFRACTION AT HIGH 

PRESSURES ' 
Applications are invited for the 
above post, funded by SERC, tenable 
from Ist October 1985, or as soon as 


possible thereafter, for up to three 
years. 


The successful candidate will be ex- 
pected to pursue research at the Syn- 
chrotron Radiation Source at 
Daresbury into structural changes in 
solids at very high pressures, on the 
newly commissioned Power Diffrac- 
tion Station on the Wiggler beam 
Ine. The project involves application 
of novel high-resolution powder dif- 
fraction techniques to materials at 
very high pressures, and is backed by 
a major theoretical programme of 
molecular dynamics simulations. 


Applicants should hold a PhD in 
experimental science. Experience 
with X-ray or neutron crystallo- 
graphy, and computing would be an 
advantage. The starting salary will be 
in the range £7,520 to £8,450 accor- 
ding to age and experience. 


Applications, together with a full 
curriculum vitae and the names of 
two referees to Dr D M Adams, 
Department of Chemistry, Univer- 
sity of Leicester, Leicester LE! 7RH 
by 15th July 1985. (6682)A 


SANDWELL HEALTH 
AUTHORITY 
The Midland Centre for 
Neurosurgery and Neurology 
DEPARTMENT OF PATHOLOGY 


ELECTRON MICROSCOPIST 
in charge of Section 
(Basic/Senior Science Graduate) 


required on a Locum basis (available 
grading up to Senior as defined by 
Whitley Council PTA regulations). 
Well housed department with two 
other staff, two Siemens micro- 
scopes, several ultramicrotomes. 
Successful applicant will be required 
to continue and develop service in 
Muscle, Central and Periperal Ner- 
vous System Pathology, to Hospital 
and Region. Collaboration with cur- 
rent research projects will be ex- 
pected and there is an excellent op- 
portunity to develop a personal 
research programme on the readily 
available material. 


Intending applicants are welcome 
to visit by appointment with Dr M V 
Saimon (Neuropathologist) - 021-558 
3232 ext 314. 


Job description and apphcation 
form from the Administrator, 
Midland Centre for Neurosurgery 
and Neurology, Holly Lane, 
Smethwick, Warley, West Midlands 
B67 7JX. Tel: 021-558 3232 ext 
251. (6677)А 











Cell Biologist/Biochemist/ 
Neurobiologist 
Postdoctoral research position is 
immediately available for PhD 
with experience in cell biology, 
biochemistry, or neurobiology to 
investigate hereditary neuromus- 
cular disorders. Initial research 
will focus on mechanisms of 
regulation of cell growth and the 
developmental expression of sur- 
face proteins in nerve, muscle, 
and related tissues. Applicants 
should have a PhD and ехреп- 
ence in: cell biology and 
biochemistry, culture of nerve, 
muscle and fibroblasts; ım- 
munological methods for the 
study of cell proteins, Extensive 
possibilities exist for collabora- 
tion with expert neuromuscular 
morphologists and with active 
molecular genetics/recombinant 
DNA laboratory. Excellent sup- 
port; salary commensurate with 
experience. Direct inquiries to 
Dr. Robert Н Brown, Jr, Day 
Neuromuscular Research 
Center, Massachusetts General 
Hospital Warren 370/374, 
Boston, MA 02114. 

(NW1792)A 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 


ENDOCYTOSIS 


A post-doctoral research assistant is 
required to work on a cell-free assay 
for studying the pathway of adsorp- 
tive endocytosis. The aim is to under- 
stand the molecular basis of this 
process. Preference will be given 
to candidates with training in 
membrane biochemistry and/or 
enzymology. 


This project 15 funded by the MRC 
and the position is for three years 
commencing Ist January 1986. The 
salary will be in the range £7,520- 
£12,150 per annum. 


Applications, including a cur- 
riculum vitae, research summary and 
the names and addresses of three 
referees, should be sent to the Per- 
sonnel Officer, The University, 
Dundee, DD1 4HN, Scotland as soon 
as possible. Informal enquiries con- 
cerning this project should be 
addressed to Professor Graham 
Warren, who is presently at 
the European Molecular Biology 
Laboratory, Postfach 10 2209, 6900 
Heidelberg, West Germany. Tele 
phone number 010 49 6221 387324. 
Please quote Ref EST/66/85J. 

(6466)A 


















RESEARCH 
ASSOCIATE POSITION 


Opportunity exists to work on a 
roject concerned with the 
biochemical mechanisms of hor- 
mone (insulin) action to control 
phosphorylation and redox state 
Applications are invited from 
qualified candidates with a Ph D 
or M.D. degree. Submit a resume 
of research interests, curriculum 
vitae and three letters of recom- 
mendation to Dr Joseph Larner, 
Deparment of Pharmacology, Box 
, University of Virginia School 

of Medicine, Charlottesville, 
Virginia 22908. An affirmative Ac- 


tion/Equal Opportunity Employer 
spe pp (NWIBIZIA 


AGROGEN BIOTECHNOLOGIES 
SENIOR SCIENTISTS — 
PLANT TISSUE CULTURE 


Agrogen Biotechnologies Inc , a Vancouver, BC based Canadian 
company interested in plant tissue culture, micropropagation of woody 
ornamentals and fores: tree species and related biotechnologies is seeking 
Senior Scientists in plant tissue culture to provide project leadership and 
research support to its micropropagation program. 


The positions require a PhD with a strong background in plant physiology, 
cell biology, genetics or biochemistry with several years research 
experience in plant tissue culture. Agrogen offers the opportunity to join 
an energetic interdisciplinary research team, excellent research facilities, 
competitive salary and fringe benefits. 

Please forward yaur curriculum vitae and other pertinent 
information in confidence to: Dr. D. Paul Webb, Director of 
Research, Agrogen Biotechnologies, Inc. 1710-1066 West Hastings 


Street, Vancouver, BC V6E 3X2. 








THE UNITED MEDICAL 
AND DENTAL SCHOOLS 


ST THOMAS'S CAMPUS 


RESEARCH ASSISTANT 
(post-doctorai) 


required to work on project on the 
role of Coxsackie-B Viruses in the 
pathogenesis of insulin-dependent 
diabetes mellitus (type 1). 


Sound virological experience 
essential; experience with such 
techniques as ELISA, monoclonal 
antibody production and PAGE an 
advantage. Funding is being sought 
for one year appointment from 1 
September 1985 in the first instance 
Salary not less than £7,520 plus 
£1,233 LWA pa (grant application 
pending). 


For further information, contact 
Professor J E Banatvala, Dept of 
Virology, tel: 01 928 9292 ext 2405. 


Applications giving full cv and 
names and addresses of 2 referees to 
Staffing Officer, Dean's Office, St 
Thomas's Hospital Medical School, 
London SE! 7EH by 13 June 1985. 

(6664)A 


UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF GEOLOGY 
POST-DOCTORAL/ 
POST-GRADUATE 
RESEARCH ASSISTANT 
IN SEISMOLOGICAL 
COMPUTING 


To work on the acquisition, digiti- 
sauon processing and interpretation 
of the data from an international 
seismic refraction experiment to be 
carried out in Kenya in August 1985 
The data processing will require the 
development, maintenance and 
operation of Fortran 77 programmes 
on VAX 11/70-8600 system. The 
anpointment will be for two years 
from July 1985 with a salary of £6,600 
— £7,055 


Applications, including a CV and 
the names of two referees, should be 
sent by June 7 to Dr M A Khan, 
Department of Geology, The Univer- 
sity, Leicester LE] 7RH from whom 
further particulars may be obtained. 

(6641)A 








(NW1793)A 


UNIVERSITY COLLEGE 
LONDON 


RESEARCH TECHNICIAN 
Grade 4 
Cell Biology 


Applications are invited for the above 
post to assist in the development of 
a new project on the intracellular 
transport. of membrane proteins, 
funded for 3 years by the MRC. 


The person selected to join our 
small friendly group will have an 
interest in research and be qualified 
to at least HNC standard. Experience 
with tissue culture, cell fractionation 
or protein purification would be an 
advantage. 


Salary £6,106 — £6,837 + £1,250 
London Weighting. 


Applications, including CV and the 
names of 2 referees should be sent to 
Personnel Officer (Technical Staff 
GE6), University College London, 
Gower Street, London WCIE 6BT. 

(6651)A 


ROYAL HOLLOWAY AND 
BEDFORD COLLEGES 


RESEARCH ASSISTANT 


Applications are invited from 
Physicists, Engineers or Applied 
Mathematicians, to join a team 
engaged in a range of projects on 
fundamental aspects of Electro- 
magnetic Antennas for Millimetric 
Wavelengths This project involves 
both theoretical work (using analytical 
and computational techniques) and 
supporting experimental studies in one 
or more of the following areas:- 


(1) Electromagnetic Theory 
(2) Numerical Control Engineering 
(3) Applied Optics 


Candidates should have an aptitude 
for research and a good degree or a 
postgraduate qualification in a 
relevant subject. Salary scale £9,863 
— £11,093 (under review). 


Applications (2 copies) with 
curriculum vitae and names and 
addresses of 2 referees should be sent 
immediately to the Personnel Officer, 
Royal Holloway and Bedford Col- 
leges, Egham Hill, Egham, Surrey 
TW20 0ЕХ. (6648)A 
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FACULTY 
POSITION 


The Psychology 
Department of the 
Massachusetts Institute 
of Technology announces 
the opening of a faculty 
tenure-track position in 
neuroscience. Applicants 
with a PhD or equivalent 
degree are sought with 
training and research 
background in mammalian 
brain-morphology and 
function 


Interested applicants 
Should send a letter of 
inquiry with curriculum 
vitae and three references 
by July 31, 1985, to: 


Dr. Peter H. Schiller 
Psychology Department 
Search Committee 
Massachusetts Institute 
of Technology, E25-634 
77 Massachusetts Ave. 
Combridge, MA 02139. 


Qualified minorities and < 
women are encouraged = 
to apply. MIT is an 6 
aftirmative action/equal = 
opportunity employer. Z 


MIT 


UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF PHYSIOLOGY 


WELLCOME LECTURESHIP 


Apphications for the above post are 
invited from candidates in the field of 
neuroscience with expertise and in- 
terest in pursuing research involving 
the use of an in-vitro brain slice. Can- 
didates wishing to visit the depart- 
ment or make provisional enquiries 
stould contact Professor A M Sillito 
(0222)-44211 ext 2062. 


Candidates should be less than 35 
years old and must not currently hold 
a permanent university appointment. 
The post is tenable for five years (sub- 
Ject to a review after three years) and 
should commence on the Ist October 
1985, although this date could be 
negotiated for a suitably qualified 
date. Appointment will be made at 
the appropriate point on the lecturer 
scale (scale is £7,520-£14,925). 


Applications (three copies) with 
curriculum vitae, 500 word synopsis 
o? the proposed research and the 
names and addresses of three referees 
should be forwarded to the Vice- 
Principal. (Administration). and 
Registrar, University Coilege, P O 
Box 78, Cardiff CF1 1XL from 
whom further particulars mav he ob- 
tained. Closing date 24th June 1985 
Reference 2967 (6678)A 











UNIVERSITY OF DUBLIN 
Trinity College 


ls, 


TEMPORARY 
LECTURER IN 
ZOOLOGY 


Applications are invited for the 
above post in the Department of 
Zoology at Trimty College, 
Dublin. The appointment will be 
tenable from 1st October, 1985 
for one year, and may be renewed 
for a further year. Preference will 
be given to candidates having in- 
terests in Invertebrate Reproduct- 
юп 
Salary IR £9,302 per annum 
Application forms and further 
particulars relating to this 
appointment may be obtained 
from. 

Establishment Officer 

Staff Office 


Trinity College, Dublin2 ` 
Tel 7/2941 Est 1775 
ta whom completed application 
forms should be returned by not 


later than Tuesday, 11th June, 
1985 (6638)A 


UNIVERSITY OF ZUERICH 
DEPARTMENT OF PHYSIOLOGY 
A MOLECULAR BIOLOGIST 
is required for a three year postdoc- 
toral position, to work on the 
regulation of mRNA by oxygen 
availability in cultured kidney cells 
Applicants should have PhD or 
equivalent in Biochemistry / mole- 
cular Biology and a minimum of 
two years of postdoctoral experi- 
ence in these areas Knowledge in 
cell culture techniques would be an 
advantage Salalry in range sFr 
47 000-60 000/yr, depending on 
experience and qualification. The 
position ts available now, starting 

date to be agreed 

Application with the names 
and addresses of two referees 
should be sent to Professor C. 
Bauer, Dept. of Physiology, 
University of Zuerich, Winter- 
thurerstr 190, 8057 Zuerich, 


Switzerland. 
(W1894)A 








PROFESSOR & HEAD 
Biological Sciences 
Carnegie-Melion 
University 


The Department of Biological 
Sciences invites applications from 
qualified individuals to serve as 
Professor and Chairperson We 
seek an individual with an 
established reputation in any field 
of biological research and an abili- 
ty to provide leadership in the con- 
tinuing growth of this department 
We expect to appoint the suc- 
cessful canuidate by 30 June 1986 
or before 


Applications or inquiries 
should be sent to Professor 
WR McClure, Chairman, 
Search Committee, Carnegie- 
Mellon University, 4400 Fifth 
Ave , Pittsburgh, PA 15213 
Carnegie-Mellon University is 
an Equal Opportunity/Affir- 
mative Action Emnlover. 
:NW17651A 


| 


| 


CONFERENCES and 
COURSES 


UNIVERSITY COLLEGE, LONDON: 
SCHOOL OF MEDICINE 


PART TIME COURSE IN 
TOXICOLOGY 


A course in toxicology consisting of lectures and practical classes will 
be given weekly for 30 weeks, on Wednesdays at 15:45-19 00 hrs, 


starting on 2nd October 1985 


A broad treatment of topics in toxicology will be presented, including 


basic histopathology, 


biochemical and genetic aspects and 


methodology. Regulatory aspects of toxicology will also be discussed 
The course is intended (1) for graduates with some experience in а 
relevant field; (2) for postdoctoral and other scientists wishing to 


broaden their knowledge of toxicology 

The fee for the 30 week course is £600. Numbers will be restricted to a 
maximum of 25 participants Some assisted places where all or part of 
the course fees are waived are available to suitable applicants whose 
fees are not paid by their employer (e g persons working in Universities 
or similar institutions and holding non-tenured posts) Further details 
and application forms may be obtained from: — 


Dr. І.С. Shaw 
Toxicology Laboratory 
Department of Clinical Pharmacology 
University College London 
5 University Street 
London WCIE 6JJ, England 
(01) 388-2411 Ext 212 





Closing date for applications — 1st July 1985 


Royal Postgraduate ; 


“a Medical School 





(University of London) 

A specialist scheme of 
study for graduates 
in medicine and 
biology leading to 
the award of: 


DIPLOMA in 
ENDOCRINOLOGY 


This ts a one academic year, full- 
time, intensive laboratory-based 
training course open to gradu- 
ates in medicine and biology 
who wish to develop skills in 
modern endocrinological investi- 
gative methods The selected 
applicants, who must be experi- 
enced in light or electron micro- 
scopical morphology, 
biochemistry or a related 
discipline, will undertake a sertes 
of research projects during their 
training period in recognised 
laboratories within this Medical 
School Award of the Diploma 
will depend on successful 
completion of an examination or 
by thesis 

Further details and application 
forms may be obtained by 
writing to- 

The School Office, Royal 
Postgraduete Medical 
School, Hammersmith 
Hospital, Du Cane Road, 
London W12 0HS 

Completed application forms 
must be received before 31 July 


ТООК fer cogistra war en the 
| "985 86 Diploma course овп 





(6656)C 


GRANTS and 
SCHOLARSHIPS 


Research Award 


in 
Immunoregulation 





Centocor, Inc., will award а 
$10,000 unrestricted research 
grant for the most outstanding 
human Interferon-Gamma scien- 
tific paper published (or accept- 
ed for publication) between 
1/1/85 and 6/30/86. 


For details, write to Centocor 
customer service. 


CENTOCOR 
244 Great Valley Parkway 
Malvern, PA 19355 

“`. Fax (215) 644-7558 
+ Telex 834823 
(NW1726)H 







WORKSHOP 


ST JOHN'S COLLEGE 
CAMBRIDGE 


a-l-ANTITRYPSIN 
MOLECULES AND 
MEDICINE 


8-11 September 1985 


Guest Chairman Professor C-B 
Laurell Sweden ‹ 


An international workshop to 
sumarise progress and define goals in 
research and clinical management. 


+ Dró^f-----— mow reel 
FEnamriee: Professor ROW Carrcii 


St John's College, Cambridge C B2 
ITP UR (6477) 
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THE UNIVERSITY OF 
SHEFFIELD 


Faculty of Medicine 


J G GRAVES MEDICAL 
RESEARCH FELLOWSHIP 


Applications are invited for the 
above Fellowship tenable for a period 
of three years from 1 October, 1985. 
The Fellow will be required to under- 
take full-time medical research in one 
of the medical or dental departments 
or hospital. Initial salary according 
to qualifications and experience 
within the range £7,520 — £8,920 a 
year, a higher salary may be offered 
to a candidate with appropriate 
experience and seniority. Additional 
funds may be available for the Pro- 
vsision of laboratory assistance and 
materials. 


Further particulars from the 
Personnel Department (Academic 
Staffing), the University, Sheffield 
S1Q 2TN to whom applications (10 
copies), including the names and 
addresses of three referees, 
(indicating the line of research 
proposed), should be made by 17 
June 1985. Quote refs R269/G. 

(6665)E 


D 


UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMISTRY 
Apphcations are invited for a 


POSTDOCTORAL | 
RESEARCH FELLOWSHIP 


Supported by the British ,Gas 
Corporation. The work will be 
concerned with ‘Development of 
Membranes with Improved Selec- 
tivity’? and will be directed mainly 
towards synthesis of novel polymers 
suitable for fabrication into mem- 
branes showing improved selectivity 
in gaseous diffusion processes 
combined with high stability at 
elevated temperatures. 


The post will initially be for one 
year with a salary of up to £8,920 per 
annum depending on age, qualifi- 
cations and experience. Super- 
annuation is under USS conditions. 


Applications are invited in the form 
of a curriculum vitae (3 copies) in- 
cluding the names and addresses of 
two referees, and should be sent to the 
Personnel Office (JLG), University of 
Surrey, Guildford, Surrey GU2 5ХН 
as soon as possible, quoting reference 
375. (6646)E 


Please mention 


nature 


‚ 
! 


when replying to ; 
these advertisements 
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FELLOWSHIPS 


UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH 
FELLOWSHIP IN 
BIOCHEMISTRY 
Cell Culture of Marine Algae 


Applications are invited for a Post- 
Doctoral Research Fellowship fund- 
ed by the University of Aberdeen to 
work with Drs S B Wilson, F B 
Williamson and W F Long. The pro- 
ject will involve the development of 
continuous cultures of marine red 
algal cells primarily to produce 
materials with commerical value. 


The post has initially been funded 
for one year but scope exists to ob- 
tain further financial support giving 
an appointee with flair and imagina- 
tion a chance to share in the longer 
term future of this exciting new field. 
Applicants should preferably have a 
PhD and some experience in cell 
culture. 


Salary on Range IA Scale for 


Research and Analogous Staff up to 
£8,920 per annum, with appropriate 
placing (scale under review). 


Further particulars and application 
forms from The Secretary, The 
University, Aberdeen with whom 
applications (2 copies) should be 
lodged by 30 June 1985, (6668)E 


POSTDOCTORAL 
FELLOWSHIP 


In Molecular Biology/Biochem- 
istry Position available Sept. 1, 
1985 in Department of Micro- 
biology at SUNY Stony Brook to 


study adeno-associated virus 
genetics, vector construction mM- 
munology or DNA replication. 
Send CV and references to Dr. 
Nicholas Muzyczka, University of 
Florida, College of Medicine, Box 
J-266 JHMHC, Gainesville, 
Florida 32610. (NW1797)E 





POSTDOCTORAL 
FELLOWSHIP 
POSITIONS 


Molecular Biology 


Well-established | cardiovascular 
research laboratory studying the 
molecular biology of hpoproteins 
and receptors is seeking molecular 
biologists with experience in clon- 
ing and DNA sequencing 
Candidates with a Ph.D. in 
molecular biology or biochemistry 
are eligible 

Send curriculum vitae and 
three letters of reference 10: 
Personnel, c/o Dr. Brian 
McCarthy, The Gladstone 
Foundation Laboratories for 


Cardiovascular Disease, Univer- 
sity of California, San Fran- 
cisco, P.O. Box 40608, San Fran- 
cisco, CA 94140-0808. 
(NW1803)E 





n 





POSTDOCTORAL 
FELLOWSHIPS 


California Biotechnology inc. invites applications from recently 
qualified Ph.D.'s to join its postdoctoral research program. CBI 
is an established biotechnology company located in the Palo 
Alto area forty miles south of San Francisco. The company, 
which has about eighty scientific employees, is dedicated to 
applying the techniques of molecular biology, protein chemistry 
and cell biology to develop novel human and veterinary 
pharmaceuticals. It currently has major research programs in 
hypertension, atherosclerosis, inflammation, lung disease, 
reproductive biology, growth factors and polypeptide 
hormones. Recent graduates, who have experience in areas 
such as recombinant DNA technology, protein and peptide 
chemistry, cell biology and pharmacology, would join 
established research teams in one of the above areas. The 
postdoctoral fellowship would for a minimum of two years. 


(NW1800)E 


Please send applications, including a complete 


curriculum vitae to: 


Dr. John Shine 

Director of Research 
California Biotechnology Inc. 
2450 Bayshore Frontage Road 
Mountain View, CA 94043 





ESF PROGRAMME OF РРР 
RESEARCH FELLOWSHIPS 0: age, level or leid of training, pro- 
IN TOXICOLOGY vided the project contributes to fur- 


thering research in TOXICOLOGY 


Short-term (up to 6 months) and 
Long-term (6-12 months) Research 
Fellowships (deadline: 30 September 
1985) and Short-term (up to 1 month) 
Visiting Fellowships (no deadline) are 
offered to scientists working in Euro- 
pean countries. No formal condition 


in Europe. Information and applica- 
tion forms can be obtained from: Dr 
John Smith, European Science Foun- 
dation, 1, quai Lezay-Marnésia, 
F-67000 STRASBOURG, France; tel 
(88) 35 30 63; telex 890440. 
(W1890)E 


EMBO 
European Molecular Biology Organization 
LONG TERM FELLOWSHIPS IN 


MOLECULAR BIOLOGY 
Autumn 1985 — Awards 


Next deadline: 15 August 1985 

EMBO long term post-doctoral fellowships are awarded to promote 
the development of molecular biology and allied research in Europe 
and Israel. To be eligible a candidate must hold a doctorate degree 
and the exchange must involve a laboratory in Western Europe or 
israel. EMBO fellowships are not, however, awarded for exchanges 
between laboratories within any one country. Long term fellowships 
are awarded initially for one year, but depending on a review of 
progress, they may be renewed for a second year In cases of 
exceptional scientific merit renewal for a third year is possible. The 
fellowship comprises a return travel allowance for the fellow and any 
dependents and a stipend and dependents' allowance. 

Since the selection procedure may include an interview, candidates 
are requested to respect the deadline for complete applications which 
is 15 August 1985. Successful candidates will be notified of their 
awards immediately after the meeting of the selection committee, 


which is on 21 October 1985. 


Application forms and further details may be obtained from 
Dr. J. Tooze, Executive Secretary, European Molecular Biology 
Organization, Postfach 1022.40, 69 Heidelberg 1, F. R. Germany. 


(W1893)E 
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STUDENTSHIPS 





THE POLYTECHNIC OF 
CENTRAL LONDON 


Faculty of Engineering & 
Science 


RESEARCH POSTS IN THE SCHOOL 
OF BIOTECHNOLOGY 


A. GENERAL AND 
MOLECULAR GENETICS OF 
FILAMENTOUS 
MICROORGANISMS 


Post 1. SERC Research Studentship 
Post 2 Research Assistantship 
B. MICROBIAL 
PHYSIOLOGY/ 
BIOCHEMISTRY 


Post. 3 SERC Biotechnology Re- 
search Studentship for a project 
entitled ‘‘Beta-lactum biosynthesis in 
free and immobilized Streptomy- 
cetes. 


Post 4. Research Assistantship — 
candidates should have an interest in 
analytical biochemistry and particu- 
larly HPLC techniques. 


Posts 1, 2 and 3 are tenable for 
three years from 1st October 1985. 
Applicants should hold or expect to 
gain a first or upper second class 
honours degree in a relevant disci- 
pline. The successful candidates will 
be expected to register for a PhD 
Degree. 


Post 4 15 available immediately or 
as soon as possible and applicants 
should hold or expect to hold a degree 
in an appropriate subject and is 
tenable for a minimum of three years. 
For suitably qualified and motivated 
candidates there may be an 
apportunity to register for an M Phil 
degree. 


Salaries for posts 1 and 3 will be 
eccording to SERC current regulat- 
1ons. Salaries for posts 2 and 4 will be 
according to University Research 
Assistant Scales since the project 
“Extended Use of Biocatalysts’’ is 
undertaken by PCL jointly with Uni- 
versity of Kent at Canterbury and 
University College London under the 
auspices of the Institute for Biotech- 
nological Studies. The programme is 
financially supported by the Depart- 
ment of Trade and Industry and 
seven major industries. 


Please send a curriculum vitae and 
the names of two referees to the Per- 
sonnel Officer, The Polytechnic of 
Central London, 309 Regent Street, 
London WIR 8AL, as soon as 
possible. 


PCL is an equal opportunities 
employer. (6615)F 


OXFORD UNIVERSITY 


Research Laboratory for 
Archaeology 


RESEARCH STUDENTSHIP 
(SERC) 


тог thermoluminescence, laser-based 
optical dating, radiocarbon dating 
using a tandem accelerator or archae- 
omagnetism using a SQUID cryo- 
genic magnetometer. Suitable for 
physicist, chemist or earth scientist 
anticipating good honours degree. 


Details: Dr M J Aitken, FRS. 6 
Keble Road, Oxford OX1 30], tele- 
phone (0865) 55211. (6659)F 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF NEUROLOGY 
POSTGRADUATE 
RESEARCH 
STUDENTSHIP 


Applications are invited for a research 
studentship tenable in the Muscular 
Dystrophy Group Research 
Laboratories, Newcastle General 
Hospital. The successful applicant will 
read for the degree of PhD Two 
topics are availabie. (1) intermediary 
metabolism in skeletal muscle and the 
origin of metabolic myopathies; 
(ii) the use of cytochemical techniques 
to study the molecular differentiation 
of the muscle cell surface during 
development and regeneration of the 
neuromuscular junction 


Candidates should be qualified in 
an appropriate discipline (bio- 
chemistry, physiology, etc) and should 
possess or expect to obtain a First 
Class or Upper Second Class Honours 
degree. 


Application should be made within 
two weeks of the appearance of this 
advertisement in the form of a cur- 
riculum vitae, and candidates should 
include the names of two academic 
referees The project for which ap- 
plication is being made should also be 
identified. All correspondence should 
be sent to Professor J B Harris, 
Muscular Dystrophy Group Research 
Laboratories, Newcastle General 
Hospital, Westgate Road, Newcastle 
upon Tyne NE4 6BE, from whom 
further information may be obtained. 

(6643)F 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF GEOGRAPHY 


POSTGRADUATE 
STUDENTSHIP 


Applications are invited for a post- 
graduate studentship to work with Dr 
Ann Henderson-Sellers on Synthesis 
of cloud climatologies. 


This project builds on previous 
work in the department and is a con- 
tributory part of the International 
Satellite Cloud Climatology Project 
(ISCCP). The student will be 
expected to have, or aquire, a sound 
knowledge of meteorology. Much of 
the data analysis is computer-based 
so that previous experience of 
computer programming would be 
useful. The project is funded by a 
grant from the US Air Force and will 
involve the student collaborative 
work with US and European 
scientists. It is anticipated that 
applicants will hold, or hope to gain, 
atleast an upper second class honours 
degreem in physics, mathematics or 
physical geography or a similar 
science subject. 


Applications, together with the 
names of two referees should be 
received not later than 20 June, 1985, 
by The Registrar, The University, PO 
Box 147, Liverpool L69 3BX Quote 
ref RV/291/N. 

(6620)F 








UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMISTRY 


Applications are invited from 
Chemistry graduates, or those about 
to graduate for the following research 
studentships which will become 
available as from Ist October, 1985. 


(1)A CASE studentship in 
conjunction with ІСІ Pharmaceuticals 
to study A Thermodynamricaily-Based 
Scale of Hydrogen Bond Basicities. 
(Dr M H Abraham). 


(24A CASE studentship in 
conjunction with the Imperial Cancer 
Research Fund to study Mechanisms 
of Aromatic Hydroxylations. (Dr J R 
Jones). 


(3) A Ministry of Defence sponsored 
studentship to study Aromatic Amine 
Cure of Epoxy Resins. (Drs G J Buist 
and J R Jones). 


(4) А CASE studentship іп 
conjunction with ІСІ to study The 
Synthesis of Polysulphones from 
Arylsulphonic Acids and РСІ,. 
(Professor J B Rose). 


Interested persons should send their 
curriculum vitae and the names and 
addresses of two referees to Dr J R 
Jones, Chemistry Department, Uni- 
versity of Surrey, Guildford GU2 
5XH, as soon as possible (6647)F 


GEORGE HENRY LEWES 
STUDENTSHIP 
Applications are invited for this 
Studentship to pursue original in- 
vestigations in Physiology. Appoint- 
ment may be from 1 October 1985 for 
one year with a possibility of renewal 
for up to two further years. The 
award will provide an annual- 
maintenance grant in line with the 
maintenance element of a Research 
Council research studentship; and 
the trustees will pay University and 
College fees for the holder at the rates 
charged to science research students 

from the UK. 


Candidates should by 28 June 1985 
send (a)astatement of their qualifica- 
tions and their need for pecuniary 
help, (b) the subject of their proposed 
research, and (c) the names and ad- 
dresses of two referees, to Professor 
R D Keynes, Physiological 
Laboratory, Downing Street, Cam- 
bridge CB2 3EG, from whom further 
particulars may be obtained. 

(6639)F 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF MICROBIOLOGY 


RESEARCH STUDENTSHIP 
IN MOLECULAR BIOLOGY 


Applications are invited from persons 
possessing or expecting to obtain at 
least an Upper Second Class Honours 
degree in a Biological Science. 


The successful applicant will join a 
group involved in the study of 
microbial pathogenesis using 
molecular genetic techniques. 


Further details may be obtained by 
contacting Dr I N Clarke on 
Southampton 0703 777222 ext 3853. 
Please quote reference number AJS/ 
85/37/N. (6671)F 








THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF BIOCHEMISTRY 
SERC RESEARCH 
STUDENTSHIP 


Photosensitization of Tumours 


Applications are invited for the 
above studentship, tenable from 
October 1985, to study fundamental 
biochemical aspects of photochemo- 
therapy, a new approach to cancer 
treatment, involving photosensiti- 
zation of tumours by porphyrin- 
containing drugs. 


Candidates should have, or expect 
to obtain, a good Honours degree in 
Biochemistry or an appropriate re- 
lated discipline. 


Further information may be 
obtained from Dr S B Brown, De- 
partment of Biochemistry, Univer- 
sity of Leeds, LS2 9JT (0532 431751 
ext 7500), to whom applications 
(including the names of two referees) 
should besent. (6663)F 


UNIVERSITY OF 
SHEFFIELD 


DEPARTMENTS OF 
BIOCHEMISTRY AND 
MICROBIOLOGY 


SERC EARMARKED 
STUDENTSHIP FOR 
PROTEIN ENGINEERING 


A studentship is available for three 
years from October 1985 to work for 
a PhD on in vitro mutagenesis of a 
bacterial glutamate dehydrogenase. 
The student would join an inter- 
disciplinary team headed by Professor 
J R Guest (DNA manipulation), Dr 
P C Engel (enzymology) and Dr D W 
Rice (crystallography) but would 
primarily be involved in the DNA 
aspects of the project. 


Applicants should have or expect to 
obtain a First or Upper, Second Class 
Honours Degree in Biochemistry or 
Microbiology. 


Applicants naming two referees 
should be sent to Dr P C Engel, 
Department of Biochemistry, Univer- 
sity of Sheffield, Western Bank, Shef- 
field S10 2TN by 14 June 1985. Quote 
ref: R247/G, (6616)F 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF ZOOLOGY AND 
COMPARATIVE ANATOMY 


SERC CASE STUDENTSHIP 


Applications are invited for a SERC 
CASE Studentship to work in col- 
laboration with Dr F Y Liew 
(Wellcome Research Laboratories, 
Beckenham) on the protection poten- 
tial of T cell responses in mice to 
genetically engineered specific HSV 
glycoprotein peptide fragments. 


Applicants should have at least 2.1 
Honours degree in Biochemistry, 
Biology, Immunology or Genetics. 


Applications, together with the 
names of 2 referees should be made 
by 30 June 1985 to Dr W L Chan, 
Dept of Zoology and Comparative 
Anatomy, University College Lon- 
don, Gower Street, London WCIE 
6BT Tel: (01) 387 7050 ext 428 

(6675)F 
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UNIVERSITY OF OXFORD 


DEPARTMENT OF ZOOLOGY 
SERC STUDENTSHIP 





Applications are invited for a 3 year 
studentship to work on the structure 
of squid rhodopsin and its role in acti- 
vation of the photoreceptor enzyme 
cascade, using electron microscope 
image analysis and biochemical 
methods. Applicants should haye, or 
expect to obtain, a good Honours 
degree in Biophysics, Biochemistry 
or related subjects. 


Applications with a curriculum 
vitae and names of 2 referees should 
be sent as soon as possible to Dr H R 
Saibil, Department of Zoology, 
South Parks Road, Oxford OXI 
3PS, to whom further enquiries may 
be made (Tel (0865) 56789 ext 317). 

(6657)F 


UNIVERSITY OF READING 


SUB DEPARTMENT OF 
HORTICULTURE 


SERC CASE STUDENTSHIP 
IN PLANT PHYSIOLOGY 


Applicants are invited for a CASE 
studentship tenable from 1 October 
1985 to study genetic and environmen- 
tal effects on the physiology’ and 
biochemistry of pod development in 
cocoa, in collaboration with Cadbury 
Schweppes plc. 


Candidates should possess, or ex- 
pect to obtain, a first or upper second 
class honours degree in Plant 
Sciences, Biochemistry or a closely 
related subject. 


Further details may be obtained 
from Dr P Hadley, Sub Department 
of Horticulture, University. of 
Reading, Earley Gate, Reading RG6 
2AU. Applicants should send a cur- 
riculum vitae with the names of two 
referees not later than 10 June 1985 

(6618)F 


IMPERIAL COLLEGE 
(University of London) 


CENTRE FOR BIOTECHNOLOGY 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited from can- 
didates, preferably with a 
background in molecular biology, 
who hold, or expect to be awarded, 
at least two: one honours in 
biochemistry or biology for SERC 
research studentship. The award is 
for three years commencing October 
1985. The project will involve the 
supression of gene expression in- 
plants by anti-message RNA. 


Informal inquiries may be made to 
Doctor Conrad Lichtenstein, Tel: 
(01) 589 5111 Ext 4112/7094. 


Applications (cv and two academic 
referees) should be sent to me no later 
than June 30th 1985. f 


i 
To: Centre for Biotechnology, 
Imperia] College, London SW7 
2AZ. (6690)F 


UNIVERSITY OF ABERDEEN 


DEPARTMENTS OF CHEMICAL 
PATHOLOGY AND THERAPEUTICS 
AND CLINICAL PHARMACOLOGY 


POSTGRADUATE 
STUDENTSHIP 


Applications are invited from gradu- 
ates to work on a research project 
involving the use of isolated renal 
proximal tubular cells to investigate 
mechanisms of drug-induced nephro- 
toxicity. Candidates should have a 
good Honours degree in Biochemis- 
try, Pharmacology or a related 
subject. 


The studentship is initially for one 
year and the student will be registered 
for an MSc. Applicants, with a full 
curriculum vitae and the names of 
two academic referees, should be sent 
to Dr P Whiting, Department of 
Chemical Pathology, University 
Medical Buildings, Foresthill, 
Aberdeen AB9 2ZD as soon as possi- 
ble. Further details are avalable from 
Dr Whiting (telephone 0224-681818, 
ext 2822) or Dr G Hawksworth (ext 
2463). (6685)F 


UNIVERSITY OF WARWICK 
DEPARTMENT OF CHEMISTRY 
SERC CASE AWARD 
Solution Chemistry of 
Technetium : Redox and 
Extraction Properties 


Applications are invited from 
graduates or those expecting to 
graduate this Summer with at least a 
class 11-1 honours degree in chemistry, 
for this studentship. The project, car- 
ned ош in collaboration with British 
Nuclear Fuels plc, will be concerned 
with kinetics of chain reaction of 
TcO4- with hydrazine and with the 
co-extraction of Tc with UO,?+ 10n. 
Normal SERC rates will be sup- 
plemented by £600 pa. 


Further details may be obtained on 
application to the Personnel Office, 
University of Warwick, Coventry 
CV4 7AL. Please quote Ref No 
42/A/85/O. Closing date for applica- 
tions 21st June 1985. (6672)F 


UNIVERSITY OF GLASGOW 
BIOTECHNOLOGY UNIT 


SERC CASE STUDENTSHIP 
— ICI 


To clone and study expression of 
resistance and production genes from 
Streptomyces for an antibiotic. of 
interest to ICI. The project is super- 
vised jointly by Dr I S Hunter 
(Glasgow) and Dr P Groves (ICI, 
Corporate Lab, Runcorn). 


Applicants should have, or expect 
to obtain, a first or upper second class 
honours degree in a related biological 
science. Interviews will be conducted 
towards the end of June. 


Applications (CV and names of 
two referees) should be sent to Dr I S 
Hunter, Institute of Genetics, 
Church Street, Glasgow G11 5JS, 
beforeJunel3th,1985. (6596)Р 
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AWARDS 


ROSENSTIEL AWARD IN 
OCEANOGRAPHIC SCIENCE 


Nominations are invited for the 1985 Rosenstiel Award in 
Oceanographic Science. 

This award, administered on behalf of the Rosenstiel Foundation by the 
Rosenstiel School of Marine and Atmospheric (RSMAS) at the 
University of Miami recognizes outstanding contributions to marine 
science, including oceanographically relevant aspects of atmospheric 
science, and fundamental developments in ocean engineering. The 
award consists of a cash prize, currently $5,000, and a medal. The 
recipient of the award will be invited to spend a week at RSMAS for 
discussions with faculty and students. The award will be presented at 
that time. 

To accumulate the multidisciplinary value of oceanographic science, 
the award recognizes, on a rotating basis, achievements in four broad 
disciplinary areas. In 1985 the emphasized discipline will be physical 
oceanography and air-sea interaction The achievements recognized 
may consist of contributions towards the development of ocean 
science in general, or of more focussed individual research of 
recognized impact on our understanding of the marine environment. 
Nominations for the 1985 award for outstanding achievement in 
physical oceanography or air-sea interaction should be directed to Dean 
Alan Berman, Rosenstiel School of Marine and Atmospheric Science, 
University of Miami, 4600 Rickenbacker Causeway, Miami, Florida 
33149-1098, before August 15, 1985 Nominations should include a 
brief justification together with relevant reference The selection panel 
would especially welcome nominations of outstanding younger 
scientists, whose early contributions suggest a continuing role of 
leadership in the field. (NW1796)N 





CONFERENCES and COURSES 


ATTENTION SCIENTISTS 
AND RESEARCHERS 


Posters are now being accepted for 
BIO/TECHNOLOGY's premier conference 


BIO/TECHNOLOGY 


SUA 


LOOKS TO THE NEXT DECADE 


January 20-22, 1986, Clarion Hotel, 
New Orleans 


You are invited to submit abstracts of work with 
commercial implications to: 

Research Editor 

BIO/TECHNOLOGY Conference 

65 Bleecker Street, |New York, NY 10012 


ideas suitable for support from corporate or venture 
funding are particularly welcome. 


Conference Themes: 

Day 1: The Molecular Biology of Plants & Animals 
Day 2: Commercial Production Processes 

Day 3: Innovations in Pharmaceuticals & Immunology 





Chassitied 20 








ASSOCIATESHIPS , 


Š 





Research Associateship 
in Experimental 
Nuclear Physics 


There 1s a vacancy for an experimental physicist to om the nuclear 
physics group as a Research Associate at the Daresbury Laboratory, an 
establishment of the Science and Engineering Research Council situated in 
the north Cheshire countryside 

The group 15 involved m a research programme on the Nuclear 
Structure Facility, a large tandem accelerator which currently 15 operating 
at up to 20 MV on terminal. 

Currently, the pnnciple areas of study аге: direct reactions with light 
and heavy ions, production of exotic nuclei far from stabihty, nucle: with 
very high angular momentum, nuclear breakup and fragmentation and 
studies of isotope shifts and hyperfine structure using laser-induced 
resonance fluorescence Experimental equipment includes a Q3D 
magnetic spectrometer, advanced gamma-ray and neutron detection 
apparatus, and а 1m diameter scattering chamber An isotope separator 
with an associated dilution refrigerator and a beam lme for laser studies has 
recently been brought into full operation, a recoil separator 1s man 
advanced commussionung stage, and a heavy-ion polarised source is under 
construction 

Apphcants (male/female) should possess a PhD degree or expect to 
obtain one during 1985 

An appomtment wil! be made at a salary between £9,977 and £11,220 
per annum depending on age, ability and expenence The post is 
available for a fixed term of three years and 1s superannuable. 

CLOSING DATE: Sunday 30th June, 1985 

For further mformaton please write or telephone. 

Dr. J. Lilley on Warnngton (0925) 65000 Ext 558 

Application forms may be obtained from and 

Should be returned quoting reference DL/912 to: 

The Personnel Officer, 

Science & Engineering Research Council, 

Daresbury Laboratory, Daresbury, 

Warnngton, Cheshire, 

WA44AD (6623)O 


CONGRESS 


INTERNATIONAL SOCIETY OF DEVELOPMENTAL BIOLOGISTS 
Announces the 


TENTH INTERNATIONAL CONGRESS OF ISDB 
"NEW DISCOVERIES AND TECHNOLOGIES" 
AUGUST 4-9, 1985 
The Westin Bonaventure Hotel 
Los Angeles, California, USA 
PARTICIPANTS 
Peter Albershetm, Merton Bernfield, Hans Bode, James Bonner, Jeremy 
Brockes, Donald Brown, Arnold Caplan, Pierre Chambon, Thomas Cline, 
Jonathan Cooke, Gerald Edelman, Robert Edwards, Judah Folkman, 
Scott Fraser, Vernon French, Richard Gardner, Walter Gehring, Benjamin 
Geiger, Norton Gilula, Paul Green, Suresh Goel, Clifford Grobstein, 
Elizabeth Hay, Ross Hodgetts, Ernest Jaworski, Howard Jones, Jr., 
Yoshihiro Kato, Klaus Kratochwil, Elias Lazarides, Nicole Le Dourain, 
Edward Lewis, Anne McLaren, Alberton Monroy, Aron Moscona, Drew 


Noden, Christiane Nusslein-Volhard, Daphne Osborne, Masukichi Okada, 
Richard Palmiter, Martin Raff, William Rutter, Kenneth Ryan, Gordon 


Sato, Lauri Saxén, Jozef St Schell, Robert Schimke, Howard 
Schneiderman, David Schubert, Yinghsien Shih, Allan Spradling, 
Timothy Stewart, Masatoshi Takeichi, Jean Paul Thiery, Robert Trelstad, 
Victor Vacquier, Sergei Vassetzky, Stephen Wachtel, Lewis Wolpert, 
Savio Woo, Carl Wood. 
SPECIAL LECTURER: DR STEPHEN J. GOULD 
"WHAT DEVELOPMENT CAN TEACH ABOUT EVOLUTION" 
OFFICIAL ADDRESS FOR REGISTRATION 
Harold C Slavkin, Chairperson 1985 
ISDB ORGANZING COMMITTEE 
University of Southern California 
University Park, GER 314-MC 0191 
Los Angeles, California 90089 0191 
(213) 743-6095 or 743-6585 
(NW1787)Q 
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ASSISTANTSHIPS 
THE MIDDLESEX DURHAM UNIVERSITY 
HOSPITAL DEPARTMENI OF PHYSICS 
MEDICAL SCHOOL Applications are invited for a 
(University of London) SERC funded 
COURTAULD INSTITUTE OF POSTDOCTORAL SENIOR 
BIOCHEMSITRY RESEARCH 
A POST DOCTORAL ASSISTANTSHIP 
RESEARCH Tenable for 3 fi 1 Octob 
ASSISTANTSHIP IN enable tor 3 years rom. LODE! 
MOLECULAR BIOLOGY 1985 for work in Observationa 


financed by The Cancer Research 
Campaign is available for work in a 
Molecular Toxicology group 
examining the role of glutathione and 
glutathione transferases m carcino- 
genesis, the cancer cell and cancer 
chemotherapy. The successful appli- 
cant would join several other 
molecular biologists from this group 
who work in association with 
Professor Roger Craig's Medical 
Molecular Biology Unit. The post is 
tenable for three years and the salary 
will be on the 1A scale according to 
age and experience. 


Applications, in writing with 
curriculum vitae together with the 
names of two referees should be sent 
to: Professor Brian Ketterer, Cancer 
Research Campaign Molecular Toxi- 
cology Group, Courtauld Institute of 
Biochemistry, Middlesex Hospital 
Medical School, London W1P 7PN. 

(6621)P 





THE SCHOOL OF 
PHARMACY 
University of London 


DEPARTMENT OF 
PHARMACEUTICAL CHEMISTRY 


POSTGRADUATE 
AND POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIPS 
in Chemical and Biological 
NMR Spectroscopy 


Candidates should have shown 
scholarly achievement in chemistry, 
biochemistry, biophysics or phar- 
maceutical chemistry. Research in the 
department includes synthetic and 
medicinal chemistry, peptide and pro- 
tein chemistry, recombinant DNA, 
receptor structure and function, en- 
zyme structure and function, 
metabolism, surface and colloid 
chemistry, electroanalytical chemistry, 
mass spectroscopy, NMR spec- 
troscopy, light scattering and 
diffusion 


Emphasis 1s placed upon applica- 
tions of chemistry and biochemistry 
to the pharmaceutical sciences. 


Salaries offered (Research 
Assistants) range from £6,600 — 
£12,150 pa plus £1,233 pa London 
Allowance. 


Applications, which should include 
the names of two referees and two 
copies of CV should be sent to Per- 
sonnel Officer, The School of Phar- 
macy 29/39 Brunswick Square, Lon- 
don WCIN IAX. (6673)P 





Cosmology using machine measurec 
photographic data, spectroscopic anc 
CCD photometric data for large 
samples of galaxies and QSOs. 


Initial salary £7,520 — £8,920 pei 
annum on Range IA plu: 
superannuation 


Applications (3 copies), namin; 
three referees should be sent by 2; 
June 1985 to the Registrar, Scienc: 
Laboratories, Durham DH! 3LE 
from whom further particulars ma: 
be obtained. (6644)P 


SEMINARS and SYMPOSIA 


FIRST INTERNATIONAL 
SYMPOSIUM ON CELLULAR 
ENDOCRINOLOGY 
"From Embryos to Cells. 
Hormona! Control of Differentia 
tion,” 12 to 16 August 1985, 
Lake Placid, New York. 
Sponsopred by the W. Alton 
Jones Cell Science Center, Inc 
Symposium co-chairmen. Drs. 
Gorden H. Sato, Ginette Serrero, 
and Jun Hayashi. Symposium 
will include lectures and after- 
noon poster sessions. For 
further information and regis- 
tration forms, please call: 
Carla Cheyne, Symposium 
Secretary, telephone. 
518-523 1252 (NW1789)M 


ACCOMMODATION 


PROFESSOR OF Pharmacology a 
Catholic University Rome in Londor 
for Academic Year Sept 1985 to Jul 
1986. Will be working with Prof Gv: 
Born, FRS, King’s College, Strand 4 
with Prof A Maseri, Royal Postgrac 
Med Sch, Hammersmith Hospital 
Seeking accommodation for himself 
wife & 1 child for above period 
Requirement 2/3 bedroom flat/smal 
house to rent up to £140 p/wk. Pleas: 
reply urgently Gvr Born, Pharma 
cology, King's College, Strand 
London WC2R 2LS. (6655)S 


APPOINTMENTS WANTED 
advertise your qualities and qualifi 
cations through the most influentia 
science weekly in the world аг. 
special reduced cost of $8 per line 
(Personal Box Numbers $10.00). 
Advertisements must be pre-paid ari 
sent to: Nature Classified (Appt 
Ила), 65 Bleecker Street, New York 
NY 10012. (890)B 


ORGANIC CHEMIST (35) BSc 
MSc (Medicinal chemistry), РЫ 
(synthetic organic chemistry). Thre 
years Postdoctoral experience ii 
organic synthesis/medicinal chem 
istry seeks any suitable position. Bo: 
No 6683, c/o Nature, 4 Little Esse 
Street, London WC2R 3LF. 
(6683)B 


M tt ——————.—.——————.———-—-————————— 
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. FOUR DYNAMITE REASONS WHY YOU SHOULD SUBSCRIBE ТО 7 
 BIO/TECHNOLOGY NOW... 


You'll save time. Because 

B you don't have time to 
read every journal in the field, 
BIO/TECHNOLOGY is written 


and edited to give you all the | 
information you need in ONE. - 


convenient source. BIO/TECH- 
NOLOGY is the only journal to 
give you news. Features. 
Original research. Product 
evaluations. Industrial applica- 
tions. Job openings. Book and 
product reviews. And more. If 
it’s important to your work, 
you'll find it between the 
covers of BIO/TECHNOLOGY. 


You'll learn new ways to im- 
W prove your on-the-job skills 
and run a more successful opera- 
` tion. Each month BIO/TECH- 
` NOLOGY gives you the scoop 
on invaluable start-up informa- 
tion...the latest instrument- 
ation...marketing break- 
throughs...funding sour- 
сеѕ... пем technologies... 
patents апа licences... pro- 
files оп how others аге 
avoiding the pitfalls and reap- 
ing the rewards. In fact, just 
one practical tip from BIO/- 
TECHNOLOGY can be worth 
many times the cost of your 
subscription. 


You'll be up-to-date on all 
: ш major industry developments. © 
_ With correspondents all over: 
ће world, BIOTECHNOLOGY | 
delivers the inside story on 
< Who's doing what, where. You'll: 
get the latest word on changing . 
: government regulations and | 
tax law, and how they affect 
your work. v 
-Plus you'll read original re- 
search papers by bench scien- 
tists, engineers, and biologists 
that will help keep you in the 
forefront of every new discov- 
ery worth knowing about. 
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You'll get new ideas you can 
ш put to use immediately.BlO/- 
TECHNOLOGY lets you. rub. 
elbows with eminent scien 
tists, tour new. facilities апа. 
learn how new processes work | 
in every field from genetic engi- 
neering to molecular biology 
Each month, BIO/TECHNOL 
OGY helps spark ideas for your: 
Own research, for new industri- 
al applications and for getting: 
along in the increasingly com 
petitive financial arena. 





If you're not already subscribing to BIO/TECHNOLOGY, don't delay the moment any longer - return the coupon below and we will 
send you twelve issues. You risk nothing. If for any reason BIO/TECHNOLOGY doesn't live up to your highest expectations, justlet: 
us know and you'll receive a full refund on all unmailed copies. Remember too, that your subscription may be tax deductible. 


TO START RECEIVING YOUR SUBSCRIPTION, FILL OUT THE COUPON BELOW AND RETURN WITH PAYMENT TO: 


з чч ч о +— m m t m o ttn 


| 
| U.S.A.: BIOTECHNOLOGY 


Subscription Order Dept., P.O. Box 316 
| Martinsville, New Jersey 08836 U.S.A. 


| To speed up your subscription in the U.S.A., call toll free 1-800-524-0328. 


| C] YES! Please send me one year of 

| BIO/TECHNOLOGY (12 issues). | under- 
stand that | may cancel my subscription 
at any time and receive a full refund on 


all unmailed issues. 


| 

| 

| C2U.S.A.-$59.00* 
| QU.K-£70** 

| 


| Tokyo 113 Japan 


| Note: *Represents 24% off Basic Subscription Price of U.S. $78.00 
| **АН other prices quoted are "Air Speed" 
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ENGLAND: BIO/TECHNOLOGY 

Subscription Order Dept., Macmillan Journals, Ltd. 
Brunel Road, Houndmills, Basingstoke 

Hampshire RG21 2XS, England 


G My payment is enclosed at the price checked. 
Li Please charge my credit card account: 
LiAmerican Express 


(2 Mastercard Evisa 


Card No.: 





Signa tire ux аад 





DJAustralia-A$130* * 
CD Elsewhere-U.S.$112** 


In.Japan, write Macmillan Shuppan, K.K., 
Eikow Bldg., 10-9 Hongo 1-chome, Bunkyo-ku 


Name: 





Company: 
Address: PONTE 
City/State/Postal Code; W я E 














Country: 












. and morethan 

1,000 othersletus — 
go over their books 
once a year. 


Some magazines, we're sorry to say, keep their 
readers undercover. They steadfastly refuse to let BPA 
(Business Publications Audit of Circulation, Inc.) or any 
other independent, not-for-profit organization audit their 
circulation records. 

On the other hand, over 1,000 publications (like this 
one) belong to BPA. Once a year, BPA auditors examine 
and verify the accuracy of our circulation records. 

This audit provides the name, company, industry and 
job title of every reader each publication reaches. The 
information helps advertisers to determine if they are 
saying the right thing to the right people in the right place. 

It also helps somebody else important: you. Because 
the more a publication and its advertisers know about you, 
the better they can provide you with articles and 
advertisements that meet your informational needs. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation, Inc. "EPA 
360 Park Ave. So., New York, NY 10010. V BPA 

MEDIA INTELLIGENCE 









Reader Service No.99 








CANADIAN OFFICE TORONTO Peter Drake 17 Pine Crescent, Toronto, Ontario M4E 1L1 (416) 690 2423 
LONDON OFFICE Mark Pearson 4 Little Essex Street, WC2R 3LF Telephone 01-240 1101 (Telex 262024) 
RATES USA and Canada — $85.00 per inch. $10.00 U.S. is charged for the re-direction of replies to advertisements with a box number. 


CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at h 
absolute discretion and without explanation. The Publishers will not be liable for any loss occasioned by the failure of any advertisemerit to 
appear from any cause whatever, nor do they accept liability for printers’ errors, although every care is taken to avoid mistakes, . — 


CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


UNIVERSITY COLLEGE OF 
NORTH WALES 
COLEG Y PRIFYSGOL 
GOGLEDD CYMRU 
BANGOR 


DEPARTMENT OF BIOCHEMISTRY 
. CHAIR OF BIOCHEMISTRY 


Applications are invited from suitably 
qualified Biochemists for the post of 
Professor of Biochemistry which will 
carry with it in the first instance the 
Headship of the Department of Bio- 
chemistry & Soil Science. The 
appointment will be from as early a 
date as can be arranged. The salary 
will be in the professorial range 
“(minimum £18,070). 


Further particulars can be obtained 


from the Secretary and Registrar, UC 


NW, Bangor, Gwynedd, LL57 2DG. 


s Ten copies of the application (one 
from overseas applicants), together 
^ with the names and addresses of three 


“referees, should be sent to reach the 


‘Secretary and Registrar by Ist July 
1985. (6669)A 


: AMERICAN OFFICES NEW YO 
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RK Garth Walkes 65 Bleecker Street, New York, NY 10012 — Telephone (212) 477-9600 


* CHICAGO Didier & Broderick (312) 498 4520 


MARIE CURIE MEMORIAL 
FOUNDATION 
Research Institute 


GROUP LEADERS 


As part of a planned expansion of 
these laboratories we invite applica- 
tions for newly created scientific posts 
at group leader lelvel. We seek in- 
dependent scientists with proven ex- 
pertise in molecular and/or cellular 
biology to. establish groups in- 
vestigating fundamental aspects of 
malignant. phenotype in human 
cancer. 


Salaries and research expenditure 
are internally funded. Equipment and 
technical support are readily available. 
These posts are tenable for 5 years in 
the first instance (subsequent tenure 
will be dependent upon peer review). 
Salary, starting date etc are 
negotiable. 


Send CV to Dr G Currie, Marie 
Curie Memorial Foundation, 
Research Institute, The Chart, Oxted, 
Surrey RH8 OTL. Telephone 088388- 
2306/7. (6614)A 





RESEARCH CENTER DIRECTOR 


Applications and nominations are invited for a Director, 
Center for Atmospheric and Biospheric Effects of 
Combustion, located in the Applied Science Division. The 
scope of the Center is interdisciplinary and includes four 
major areas: Combustion and Abatement, Atmospheric 
Pathways and Chemistry, Radiative Balance, and 
Ecosystem Pathways and Effects. The Director will 
coordinate the efforts of a number of scientists, including 
chemists, physicists, engineers, biologists, geologists, 
meteorologists, and energy analysts to carry out the 
objectives of the Center; will be responsible for obtaining 
research support from governmental and non-governmental 
organizations; will represent the Laboratory at various 
related national and international meetings; and will also 
carry out research within the Center. This position requires a 
Ph.D., and arecord of distinguished leadership, outstanding 
research accomplishments and an international reputation in 
one or more of the above areas. Experience and background 
іп program. planning, development, implementation, 
administration and evaluation is required. The incumbent 
should also have experience in obtaining research funds and 













Employer M/F/H. 


LAWRENCE 
BERKELEY 
LABORATORY 


have a familiarity with organizations that provide these 
research funds. Salary will be negotiable. The successful 
candidate will be appointed a Senior Staff Scientist at the 
Lawrence Berkeley Laboratory. 

Applications and/or nominations should be forwarded 
to: Lawrence Berkeley Laboratory, One Cyclotron 
Road, Employment Office 90-1042, Berkeley, CA 94720. 
Please specify Job A/3330. An Equal Opportunity 


(NW1777)A 







IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

BIOPHYSICS GROUP 


RESEARCH ASSISTANT IN 
PROTEIN 
CRYSTALLOGRAPHY 


to be appointed for. structure deter- 


mination work on the industrially- | 


important enzyme xylosse isomerase, 
on a project sponsored by the SERC 
Protein Engineering Steering Group. 
This is an opportunity for a trained 
crystallographer to gain experience in 
protein structure determination, and 
to participate in a protein engineering 
programme. 


Applications including curriculum 
vitae and names o? two referees 
should be sent to Mrs А Varsey, 
Biophysics Group, Blackett 
Laboratory, Imperial College, Lon- 
don SW72AZ. (6634)A 


Roche isa major 
multinational pharmaceutical 
company witha firm 
commitment to the research 
and development of 
novel drugs. 

Asenior vacancy has 
arisen in the recently 
restructured department of 
Biology for an innovative and 
enthusiastic scientist to form 
and lead anew group within 
the Cardiovascular section. 

The successful candidate 
will play akey role in the 
cardiovascular research 
programme, reporting to the 
Head of Cardiovascular 
Biology. He/she will havea 
high degree of scientific 
autonomy, but will also be 
expected to interact 
effectively with 
Chemists, 

Biochemists 
and 






Cardiovascula 
Group Leader 


‚ pharmacology plus a few ye: 















ST GEORGE'S HOSP] 
MEDICAL SCHO 
(University of Lon 
DEPARTMENT. OF IMMUNC 
POSTDOCTORAL 
RESEARCH. FELLO 























Required for a three-year 
funded by The Wellcome 
an existing team characte 
fects of various chemical ei 
hibitors on the immune syste 
the eventual aim of modulat 
mune responses clinically. Ap 
should have a background of the 
ciences, preferably with’ som 
munological experience. 


Scientific enquiries to. 
Johnstone (01-672 1255 ext 47 
further particulars and арр 
forms from the Personnel 
St. George’s Hospital Medical. 
Cranmer Terrace, Tooting, | 
5\17 ORE (ext 4873). Closing 
June 1985. (66. 











other Pharmacologists as pa 
of amultidisciplinary appro: 
to drug research. $ 

Ideal qualifications for t 
post would be a PhD in 












experience of industrial 
Cardiovascular research 
encompassing both in уіуос ап 
inintro techniques. 
Research facilities at th 
Hertfordshire based UK 
Research Division 
Headquarters are outstanding 
as are the company benefits, 
salary we can offer you. 
To take things further, call 
Mrs Ann Judge on Welwyn 
Garden City 328128 or w 
to her, enclosing details, at - 


Roche Products Ltd, 
PO Box8, 

Welwyn Garden 

City, Herts. 

AL73AY. 

















































NORTH EAST - 
BIOTECHNOLOGY 
ENTRE 


TEESSIDE POLYTECHNIC 


i the Department of Chemical Engineering. 






















READER IN BIOTECHNOLOGY 


0 lead research teams and supervise research students and develop 
rch. projects in areas of interest to the NEBC. The major 

епот оғ the Centre are in Fermentation, Microbial Physiology 

td Downstream Processing of biological products. 

pplicants should be well qualified academically in a discipline 

ted to Biotechnology or Biochemical Engineering and will be 
pected to hold a PhD. and have made a significant contribution to 
literature relevant to the post. 

strial experience would be preferable and membership of a 
sssional institution an advantage. 


v: £13,095 — £16,467 per annum. 









INCIPAL LECTURER IN 
IHOCHEMICAL ENGINEERING 


ke responsibility for the operation and further development of 

Oochemical Engineering content of courses in process 
ineering run jointly by the department of Chemical Engineering 

4 the North East Biotechnology Centre. 

:xpected that the successful candidate will also undertake 

ch projects, especially in aspects of downstream process 






icants should be well qualified in Biochemical Engineering or a 
cipline of fundamental importance to this subject area. They will 
ve demonstrated a proven research record in a relevant area, an 
есіме approach to student teaching and appropriate industrial 
perience. Members of an appropriate professional institution 
ШЧ be an advantage. 

£13,095 — £14,580 (work bar) — £16,467 per annum. 


е salary on appointment will be no greater than £14,580 per 
m. 



















ECTURER II/SENIOR LECTURER 
BIOCHEMICAL ENGINEERING 


осһетісаі Engineer to join.a team of Biotechnologists promoting 
earch, teaching and.consultancy in the North East Biotechnology 
nitre. The team will be expected to develop teaching and research 
grammes in one or more of the following areas: Downstream 
ocessing, Control of Fermentation Processes, and the Application 
Microbial Physiology to Fermenter Design. 

iplicants should be well qualified academically in or a discipline 
ited to Biotechnology or Biochemical Engineering; preferably with 
some industrial experience; membership of a professional institution 
uld-be an advantage. 

alary: £7,548 — £12,099 (efficiency bar) — £13,128 (work bar) — 
1,061 per annum. 

appointment will be made at Lecturer Il level and the salary on 
ppointment will be.no greater than £12,099 per annum. 

losing date for applications in respect cf all posts: 24 June 1985. 
Equal Opportunity Employer. 

\oplication forms and further particulars from: Personnel 
ection, Teesside Polytechnic, Borough Road, 

iddiesbrough, Cleveland TS13BA. Tel: 0642 218121 Extension 
114. (6636)A 




































“THE UNIVERSITY OF ALBERTA 
invites applications for the 


CANADIAN PACIFIC — ALBERTA 


AGRICULTURE CHAIR IN PLANT 
BIOTECHNOLOGY 


The University of Alberta is.seeking an established scientist to occupy 
the Canadian Pacific — Alberta Agriculture Chair in Plant Bio- 
technology. The occupant of the chair will be expected to carry out 
research related to the improvement of agriculture in Western Canada, 
to provide leadership within the area of plant biotechnology. in the 
Faculties of Agriculture and Forestry, and Science, and. to 
communicate actively with the agricultural sectors of industry and 
government. Candidates presently located outside the scientific 
university community will be given serious consideration, although 
scientific credentials will be of paramount importance. 

The successful candidate will be a member of the Department of Plant 
Science, in the Faculty of Agriculture and Forestry. The Faculty of 
Agriculture and Forestry has ninety academic members housed in a 
modern, well-equipped research complex. In addition, within the 
Facilty of Science, members of the Departments of Botany, Genetics, 
and Microbiology are currently involved in basic and applied plant 
research. The University of Alberta (approximately 25,000 students) is 
located in the capital city of Alberta. Please send curriculum vitae, 
names and addresses of at least three referees, and an outline of 
research interests, including reprints of relevant publications, 
to: 
























































Dr. Mary Spencer 

Department of Plant Science 
Faculty of Agriculture and Forestry 
University of Alberta 

Edmonton, Alberta T6G 2P5 
Canada 


















Closing date for receipt of applications is August 31, 1985. Salary 
will be by negotiation. Appointment will commence on January 
1. 1986, or as soon as possible thereafter. 

The University of Alberta is an equal opportunity employer but, in 
accordance with Canadian immigration requirements, this 
advertisement is directed to Canadian citizens and permanent residents 
of Canada. INWI1794)A 















KAROLINSKA INSTITUTE, STOCKHOLM, SWEDEN 
Invites applications for a position as 


FULL PROFESSOR IN 
MOLECULAR BIOLOGY 


The Karolinska Institute is seeking an outstanding Molecular Biologist 
to join the newly formed Biotechnology Center located at Huddinge 
University Hospital in Stockholm. The successful candidate is expected 
to develop a vigorous independent research program. He will be 
expected to interact with other research teams within the center and in 
other departments as Karolinska Institute working in related fields. 
Funding for 3 Post-Doctoral positions, 3 graduate students, 1 
Secretary, 4 Technicians and Instruments as well as supplies will be 
available for the successful candidate. 


Application including C.V., a short summary of previous scientific and 
educational experience, proposal for future research, list of 
publications as well as reprints or copies of publications or manuscripts 
{four copies of each) should be received at Karolinska institutes 
Registratorskontor, Solnavagen.1,S-104 01 Stockholm, no later than 
Thursday June 13th, 1985. Applicants who wish to have a later deadline 
may submit material so that it reaches the above address no later than 
July 4th, 1985, provided that they, no later than June 13th, make clear 
to the Karelinska Institute (same address as above) that they wish to 
apply for the position, and that they state what material they will submit 
later. 

Further information can be obtained from Professor Jan-Oke 
Gustafsson (Tel. No. 8/7463351) and Dr. Rune Toftgord (Tel. No. 
877463361). (W1897)A 



















| Tenure track Assistant Pro- 
] fessor positions are available in 
the Department of Pharmaco- 
logy, University of lowa, College 
of medicine. Applications are 
{invited from well-trained 
“(individuals who possess the 
Ph.D. and/or M.D. degree and 
who are active in an area suitable 
for. development of a vigorous: 
research program related to mole- 
cular and cellular pharmacology 
or more traditional pharmaco- 
logical disciplines. "The University 
of lowa is an equal opportunity/ 
affirmative action employer. 
Submit curriculum vitae and - 
names of three references to: 




























Search Committee 
Department of Pharmacology 
Bowen Science Building 

University of lowa 
| Тома City, 1A 52242 












(NW1762)A 


ENDOCRINOLOGY 
BIOCHEMISTRY/ 
PHYSIOLOGY 


Postdoctoral Opportunities 


Broad range of Endocrine 
research projects: (i) isolation and 
identification of pituitary and lung 
peptides; (1) physiologic and 
“pharmacologic action; (iii) 
F growth and control of function of 
fetal adrenals; (iv) role of growth 
factors in fetal development. 


Send curriculum vitae, biblio- 
| graphy, three letters of recom- 
mendation, and short state- 
ment regarding career goals, 
interests and experience to: 
‘Dr Samuel Solomon, Endo- 
crine Laboratory, Royal 
Victoria Hospital, 687 Pine 
Ave. West, Montreal, Quebec 
H3A 1A1. (NW1772)A 


SPECIAL 
RESEARCH 
INITIATIVES 


1. Research Fellow 
Analytical Atomic 
Spectroscopy 


2. Research Assistant 
Cretaceous 
Micropalaeontology 

3. Research 


Technician 
Fish Disease/Cell Culture 


For further details and an 
application form, please 
contact Personnel Officer at 
the address below or 
telephone (0752) 264639. 

: "Closing date for 
ud applications: 21 June 1985. 
А (6660)A 


| Drake Circus, Plymouth 
| Devon PLA 8AA 





















Bureau of Mineral Resources, Geology & Geophysics 
Canberra 


MARINE RESEARCH 
GEOPHYSICISTS 


The Division of Marine Geosciences and Petroleum Geology in the Australian Bureau 
of Mineral Resources, Canberra, has vacancies for two Marine geophysicists, one 
being at senior level. 

The principal research aims of the Marine Division are to define the regional 
geological framework, petroleum prospectivity and evolution of the sedimentary basins 
of Australia's extensive continental shelf and margins; further to develop new scientific 
concepts of basin structures and evolution of passive margins and also the active 
margins of the South Pacific. The main objective is the stimulation of ongoing programs 
of offshore petroleum exploration. The Division has recently acquired a research vessel 
with full multichannel seismic capability and seismic processing centre. 


SENIOR MARINE GEOPHYSICIST: 

to initiate and lead research and resource assessment programs on the 
Australian Continental Margins and in Australian Territorial waters. 

The successful candidate should have a strong background of research 
experience and an international reputation. He/she should be experienced in 
multichannel! seismic operations, seismic structural and stratigraphic interpretation 
and in aspects of geohistory analysis as well as have associated experience in other 
fields of marine geophysics and petroleum. (Salary at SPRS/PRS level depending on 
qualifications and experience.) 


MARINE GEOPHYSICIST: 

to undertake research and resource assessment programs on the Australian 
Continental Margins and in Australian Territorial Waters. 

The successful candidates should have a history of research, be experienced 
in multichannel seismic operations, in seismic structural and stratigraphic interpretation 
and in at least some aspects of geohistory analysis. Associated experience in other 
fields of marine geophysics and petroleum weuld be valuable. (Salary at SRS/RS 
level depending on qualifications and experience.) 

Qualifications for Both Positions: 

A Ph.D (or equivalent) in marine geophysics together with demonstrated 

research ability. 


Salary: 
Research Scientist (RS) A$26001-32083 
Senior Research Scientist (SRS) A$33209-38243 
Principal Research Scientist (PRS) A$39692-45083 
Senior Principal Research Scientist (SPRS) A$47501-52212 


Conditions: 

Conditions of service include superannuation for appointees, long service leave, 
cumulative sick leave, four weeks annual leave and assistance with removal expenses 
to Canberra. Permanent appointment is available to Australian Citizens. A term 
engagement will be considered for persons not meeting this criterion. 

Canberra, the national capital, is located approximately 280km southwest of 
Sydney and has excellent educational, recreational and sporting facilities. 

Applications together with full personal and professional details and the names 
ofat least three referees should be sent to: 


The Director, 

Bureau of Mineral Resources, 
GPO Box 378, Canberra ACT 
2601, AUSTRALIA. 


Applications close 21 June, 1985. 






(W1903)A. А 













LUDWIG INSTITUTE FOR CANCER RESEARCH 
UNIVERSITY OF SYDNEY 





















Post Doctoral Research Fellow 


Applications are invited from Post Doctoral Scientists for a Research 
Fellow to join a group studying in vivo growth regulation of solid 
tumours, microenvironment and the effects of cytotoxic drugs. Tech- 
niques currently in use employ tissue culture, syngeneic and 
xenogeneic animal tumours, and clinical material, with an excellent 
flow cytometry facility. 

Applicants should possess a good background in cellular biology, and 
some experience in tumour growth kinetics would be an advantage. 
An attractive salary within the range A$22,614-A$25,246 p.a. will be 
negotiated. 

Further information from Dr. D. Hedley, (02) 692 3675/76. 
Applilcations should be addressed to: 


The Administrator, 
LUDWIG INSTITUTE FOR CANCER RESEARCH, 


Elf Bio Recherches, a subsidiary of Elf Aquitaine and University Blackburn Bunding, Australia. 


Sanofi, specialises in biotechnology. It is looking for a Cell (W1896)A 
Biologist for its laboratory of animal cell physiology and 
fermentation. This laboratory (2 scientists and 3 technicians) 
forms part of the recombinant animal cell technology unit. 
"The position is to investigate the role of physiological factors 
volved in the expression of genes cloned into animal cells. 
Candidates should have a profound knowledge of animal cell 
hysiology. Experience in medium or large-scale tissue 
lture will be an advantage. Knowledge of French would be 
ppreciated. Elf Bio Recherches R&D facilities are located in 
е Toulouse area, in Southern France. Curriculum vitae and 
t of publications, together with a handwritten letter of 
oper should be sent їо М. Fabre quoting reference 


Cell Biologist 
PhD) 


recherches 






MRC 
MEDICAL RESEARCH COUNCIL 
CLINICAL PHARMACOLOGY UNIT 
UNIVERSITY DEPARTMENT OF CLINICAL 
PHARMACOLOGY — OXFORD 














NEUROCHEMIST 


Applications are invited for a MRC SHORT-TERM NON-CLINICAL 
SCIENTIFIC post in this MRC Unit, tenable for 3 years in the first instance. 
Candidates with some post-doctoral experience will be preferred. 

The successful candidate will be required to study the neuro-chemical 
mechanisms by which neurotransmitter systems respond to the short- 
and long-term effects of psychotropic drugs. Knowledge and experience 


(W1900)A 


of the biochemical mechanisms of neuronal membrane. function, 
neurotransmitter synthesis and release, and techniques of brain slice and 
synaptosome incubation and stimulation would be advantageous. This 
work has strong links with an active clinical psychopharmacology section. 
Remuneration will be at an appropriate point on the scales for 
university non-clinical academic staff. Further information and 
an application form may be obtained from Professor. D.G. 
Grahame-Smith, University Department and MRC Unit of Clinical 
Pharmacology, Radcliffe Infirmary, Oxford OX26HE (Oxford (0865) 
241091), with whom applications, including a full curriculum vitae 
and the names and addresses of two professional referees, should 
be lodged by 24th June 1985. (6613)A 


T1 bis, allées Jean-Jaurès, 31000 Toulouse, France. 
Tel: Toulouse 63.70.63. 


NATIONAL OPTICAL ASTRONOMY 
OBSERVATORIES 


sociate Director-NOAO and Director-Cerro Tololo Inter-American 
isérvatory — Applications and nominations are invited for the position 
irector, Cerro Tololo Inter-American Observatory. The position 
rt& to the Director NOAO and carries the added designation of 
ciate Director, NOAO. The incumbent will be a key member of a 
agement team who plans and guides the development of NOAO as 
gram characterized by authoritative in-house science and imaginative 
id effective support to the user community. The position will be located 
_a Serena, Chile, and will carry explicit responsibilities for the planning, 
lamentation, and oversight of AURA's program in Chile. The post 
ers excitement, challenge, and the promise of deep personal 
action derived from direct participation in the growth of an institution 
dicated to the highest standards of in-house research, service to the 
tronomical community, and innovative approaches to astonomy. 
pplicants must have an earned doctorate in astronomy, or a closely 
ated physical science, and a distinguished-record of achievement in 
trünomy; evidence of leadership ability of a high order wil! also be 
ught. Interested individuals who feel that their background and 
emperament match the opportunities and inherent challenge of this 
sition are invited to forward applications, with names of at least three 
ple from whom a confidential evaluation can be sought to The Chair, 
Search Committee for Director CTIO, Nationa! Optical Astronomy 
Observatories, 1002 North Warren Avenue, Tucson, AZ 85719. Closing 
date for applications is July 31, 1985. 









AN ACTIVE FERTILITY AND IN VITRO PROGRAMME IS DUE 
TO OPEN AT THIS HOSPITAL ON 1st AUGUST 1985 


Applications are invited for the following position, for which date of 
commencement will be by mutual agreement. 


TECHNICAL 
ASSISTANT/EMBRYOLOGIST 


The successful applicant will be expected to undertake both routine 
laboratory and research work. Research is currently undertaken in 
collaboration with MRC (Carshalton) and. the Institute of Animal 
Physiology (Cambridge). | 

Experience in mammalian embryology would be desirable and a PhD or 
‘Sc in reproductive physiology or embryology would be an advantage, 
but is not essential. eo 

The Hospital offers a generous salary and excellent benefit package. 
Applicants should forward a Curriculum vitae, including the 
names of three referees to: The Personnel Department, Humana 
Hospita! Wellington, Wellington Place, London NW8 
Closing Date 22nd June 1985. (6599)A 


Humana Hospital 
Wellington 


Wellington Place London NW8 9LE 


















































ther information can be obtained from Dr. John T. Jefferies, 
ector NOAO, at 602/881-1960. An EEO/AA Employer. 
| (NW1786)A 






ERSITY 
WISCONSIN. MADISON 
AQUATIC BOTANIST 
RESEARCH | ASSOCIATE 
(postdoctoral) osition available 


by 1 une. 1985, for laboratory 
ara, iake Sues оп integrated MOLECULAR IMMUNOLOGY 
control. of бике 0 watermilfoil 


Чапа impact of control strategies 


^] con water quality. Additional 1 
experience in water chemistry, POST- 
“fimnal oor, or mycology 

desirable. Funding for two years. 

Salary competitive апа 


commensurate with qualificat- SCIENTIST 
ions. E 


Send résumé, including the 
names of three referees, to: 
Dr. John H. Andrews, Depart- 
ment of Plant Pathology, 1630 
Linden. Drive, Madison, 


Wisconsin 53706. 
n affirmative action-equa Sal fr £9, 000 
opportunity employer. ary om 


(NW1781)A 








Celltech, a leader in the field of its people as its products. You will work i in 

biotechnology, has achieved its present small friendly team, gaining invaluable br 
i | success in the space of five years. Pioneersin based experience, with plenty of opportuni 
POST DOCTORAL several areas, our achievements are basedon for advancement. 


RESEARCH the foundations of scientific excellence, s 
position is available to study the innovation and commercial expertise. Celltech Ltd., 244-250 Bath Road, Slow 
molecular biology of the enzymes Celltech's Molecular Immunology groupis Berks SLI4DY, quoting Ref. 268.. . 
involved in connective tissue expanding its activities in the molecular 
degradation. A research back- cloning and expression of immunological 
ground in biochemistry or mole- targets, principally antibodies. We are looking 


cular biology is advantageous. з : : : 
Applicants should send curriculum for a Molecular Biologist/Immunologist, either 


| vitae and three references to] | à post-doc or a graduate expecting soon to 
Gregory |. Goldberg, PhD, f | finish a PhD. Experience in molecular or 
р Washington University School of cellular immunology would be desirable. 
Сапе өк 01237 St Lauls, We are an ambitious and forward looking 
issouri 63110. : ; 
W. 
Equal: Opportunity/Affirmative company, which places as much emphasis on 
Action Employer. 
(NW1788)A 














Express Dairy UK Ltd., one of the country's e 
Dairy Food organisations has a vacancy in the 
Research and Development Department. Immunodiagnostics 


Cambridge BioScience Corporation, a biotech- 
DEVELOPMENT nology company specializing in infectious 
disease diagnosticsoffers exciting positions in its 
Hopkinton, Massachusetts laboratories. We are 
ANALY © [ seeking advanced levet scientists as well as re- 
search associates. 
c. £8,100 Molecular 


Working in a small team, this position involves analytical Biology 
instrument evaluation and method development. You : алы win gino ОМ Faterion 
К i б А : i | А 
will be reporting to the Technical Advisor — Rapid minimum of 2 years academic or industrial 
Analytical Method Development and should be a experience. 
Graduate in Analytical Chemistry with at least one 
years experience in. modem techniques of analysis Virology! 
associated with the food industry immu nology 
A current driving licence is essential. І a) ЕУ 
e i ү • PhD. level with experience in clinical virology 
In addition to the salary detailed, 22 days holiday and * Experience in hybridoma development 
i Р j * Working knowledge of molecular virology 
membership of the Company's pension scheme are 
available on completion of the necessary qualifying { Cambridge BioScience offers a unique and 
period. stimulating environment and close working 
A ; А associations. with academic institutions. 
Application forms obtainable from: Qualified applicants should send resume and 
T salary requirement to: Cambridge BioScience 
Mr.G. D. Evans, Corporation, Personnel Department. 35 


Personnel Officer — Central Staff, South Street, Hopkinton, MA 01748. 
Express Dairy UK Ltd., (NW1806)A 
Block 1, 430 Victoria Road, ‚ 
South Ruislip. Cambridge 
+ Uo Middlesex, HA4 OHF. BioS сепсе 
TARE? Tek 01-845 2345 Ext. 3551/3370 
(6680)A 















P" Experimental 
Nuclear Physicists 


There are vacancies for experimental physicists to join the 
«Nuclear Structure Division at Daresbury Laboratory, an 
establishment of the Science and Engineering Research Council 
which operates major national facilities for scientific research. 
The group is involved in carrying out and supporting a research 
programme on the Nuclear Structure Facility (NSF), a large tandem 
accelerator which is operating at up to 20 MV on terminal. 


Senior Scientific Officer 
Ref. DL/911 


_ The successful applicant will be required to organise and direct 
work necessary for the operation, maintenance and development of 
_ major equipment for charged particle identification and detection 
‘used in programmes aimed at studies of nuclear collision dynamics, 
ipectroscopy, and nuclei far from stability. Candidates will be 
expected to carry out research in conjunction with university users 
п the NSF and to play an active role in initiating and developing 
ew programmes, Other duties will involve the overall coordination 
and scheduling of the scientific programme and the assessment of 
_ future needs for instrumentation and other facilities on the NSF. 
; Applicants (male or female) should have a good honours degree 
or equivalent qualification) in physics and several years 
postgraduate experience in experimental nuclear research. A Ph.D 
qualification in nuclear physics and a period of relevant 
post-doctoral experience would be an advantage. 


Higher Scientific Officer 


Ref. DL/913 
The successful applicant will be required to liaise with university 
research teams using the NSF. Candidates will also be expected to 
collaborate in nuclear research programmes and to play an active 

role in initiating and developing new programmes. Other duties will 
nivolve work on the design and development of major equipment 
ügh to commissioning, operation and maintenance. As a 

miber of the in-house team of scientists he/she will be expected 
provide expertise in the methods of experimental nuclear 
physics to aid and direct the technical and scientific support staff in 
operating the NSF and for diagnosing problems as they arise. 

5 Applicants (male or female) should have a good honours degree 
or equivalent qualification) in an appropriate discipline with a 
епо of relevant post-graduate experience. A Ph.D degree in 
lear physics and a period of post-doctoral experience in 
































































































Higher Scientific Officer and Senior Scientific Officer posts are 
1,435 to £10,039 per annum and £9,329 to £12,050 per annut 






CLOSING DATE: 30th June 1985. 
For fuxther information please write or telephone 
Dx |. 5. Lilley on Warrington (0925) 65000, Ext. 558. 

























MACROMOLECULAR CRYSTALLOGRAPHER 


hree-year Postdoctoral Research Associate position. Seeking 
otivated, talented person with experience in experimental aspects of 
structure determination to conduct x-ray diffraction studies. Several 
ongoing projects at different stages under the overall theme of inter- 
Molecular interactions. Excellent facilities for data collection, reduction, 
"and analysis: rotating anode generators area detector, oscillation/preces- 
sion cameras, 2 VAX 11-7505, node to CRAY, color vector and raster 
graphics. Exciting work environment within a strong departmental struc- 
ture group including six faculty crystallographers. Salary negotiable. 

Superb working setting in new building located on cliffs overlooking 
cean. Send С.М. and three references to:- 














lizabeth Getzoff or John Tainer, Department of Molecular 
iology — MB3, Research Institute of Scripps Clinic, 10666 North 
orrey Pines Road, La Jolla, CA 92037. (NW17991A 





















Faculty Position available, tenure-track, in n шаг 
genetics, with a special interest in membranes. Applicants 
should have research background in recombinant DNA 
technology (preferably also in somatic cell genetics) and 
working knowledge of membrane proteins. M.D. and/or Ph.D. 
in appropriate field required. Successful candidate will hold 
tenure-track appointment (Assistant or Associate Professor, 
depending upon qualifications) in Department of Physiology 
and Molecular Biophysics at Baylor College of Medicine. Joint 
appointments in relevant academic departments also possible. 
Laboratory space and basic equipment provided and initial 
laboratory support available. Successful candidate will devote 
majority of his/her effort to establishing and maintaining an 
independent research program related to the main interests of 
the Department. The Department is building a strong program 
in membrane biophysics with expertise in electrophysiology, 
membrane biochemistry, reconstitütion, and modelling. Send 
vita, a brief description of past and present research 
experience, and names of three or more references to 


Dr. A. M. Brown, Incoming Chairman, 
Physiology and Molecular Biophysics Department 


Ө 


"EDUCATION 
Baylor College of Medicine, 
One Baylor Plaza, 
Houston, Texas 77030. 


An Equal Opportunity A/A Employer 


















(NW1814)A 





SENIOR SCIENTIFIC PROGRAMMER 


National Optical Astronomy Observatories 
The National Optical Astronomy Obervatories 


(NOAO) needs a senior level programmer for its Detector R&D Program 
in Tucson. Working with scientists and engineers, the position involves 
development of software to operate state-of-the-art infrared arrays and 
signal processing equipment for astronomical instrumentation. We 
require skills in the development of real-time software for data 
acquisition and process control applications and date reduction and 
analysis programs. Applicants should have experience in FORTRAN 
and one of the structured languages such as “С”. Experience in a real- 
time programming environment and software signal procesing is 
required. Knowledge of FORTH, UNIX , and DEC computers is 
desirable. An Electrical Engineering or Computer Science degree and at 
least five years experience as a programmer are required. Other degree 
background will be considered with more extensive programming 
experience. 


The NOAO, headquartered in Tucson, Arizona, operates Kitt Peak 
National Observatory near Tucson; National Solar Observatory sites at 
Sacramento Peak, New Mexíco, and on Kitt Peak; Cerro Tololo Inter- 
American Observatory in Chile, and the Advanced Development 
Program in Tucson. 


Offering forefront technology challenges, and unclassified workplace, 
and a Sunbelt location, we are an EEO/ AA employer with an excellent 
compensation package, including 24 days annual vacation and, after 
one year, à fuly vested retirement plan. 

Send résumé in confidence to: Judy Ruffino, Personnel 
Manager, P.O. Box 26732, Tucson, Arizona 85726. 

Equal opportunity employer. 













(NW1804)A 








THE ROYAL VETERINARY COLLEGE 
University of London 


Division of Preclinical Studies r 
Department of Physiology, Biochemistry and Pharmacology 


Lecturer in Biochemistry 


Applications are invited from veterinary, science, or medical graduates 
for a post involving. both teaċhing and research which it is hoped to fill 


ру 1st October 1985. An interest in metabolism and previous experience 
in lipid and lipoprotein biochemistry would be of advantage. 

Salary Scale (under review): £8,753 to_£16,158 including London 
Allowance. Universities Superannuation: Scheme, Removal expenses 
up to £1,400 reimbursed in approved circumstances. ; 
Application form and further details from the Assistant 
Secretary (Personnel), The Royal Veterinary College, Royal 
College Street, London NW1 OTU. (Tel: 01-387-2898). 

Closing date for applications: 17 June 1985. (6630ЈА 




























UNIVERSITY OF NATAL 
DEPARTMENT OF ZOOLOGY 
ZOOLOGY 


Applications are invited from suitably qualified persons regardless of sex, 
religion, race, colour or national origin for appointment to the post of: 


LECTURER IN BIOLOGY 


© Minimum qualifications would be a PhD in Zoology, Botany, Biology or 
a closely allied field and/or suitable academic or research experience. 


The successful applicant will be responsible for teaching a first year 

introductory ‘course, which is essentially a service for students in the 

Faculty.of Agriculture. The four major areas covered by the course are 

Cell Biology; Plant Anatomy and Development, Animal Physiology, and 

the Ecology and Evolution of Animals and plants. No particular area of 

expertise is required beyond a sound and comprehensive knowledge of 
biology, but the appointee will be encouraged to actively participate in 
research and to supervise post-graduate students. 

The appointment carries an attractive salary package, details of which 
саге obtainable from the. Staffing Section on request (telephone 
0331-63320). The salary offered will be determined according to the 
d qualifications and/or experience of the successful applicant. 

Application forms, further particulars of the post and information 
|; on pension, medical aid, group insurance, service bonus, staff 
z;obursary, housing loan, and subsidy schemes, long leave conditions 
i and travelling expenses on first appointment, are available from 

“the Registrar, University of Natal, PO Вох 375, Pietermaritzburg, 

South Africa, 3200, with whom applications on.the prescribed 

form must be lodged not later than 28 June 1985 quoting reference 

PMB 29/85. 

Application forms for overseas applicants are available from the 
Secretary, South African Universities Office, Chichester House, 
278 High Holborn, London WC1V 7HE. (W1895)A 












































| 1 COMMONWEALTH AGRICULTURAL BUREAUX 


THE LEADING WORLD AGRICULTURAL INFORMATION 
SERVICE FOR SCIENTISTS AND TECHNOLOGISTS 


SCIENTIFIC INFORMATION OFFICER 


REQUIRED AT THE 
COMMONWEALTH BUREAU OF PLANT BREEDING 
AND GENETICS, CAMBRIDGE 


Duties: 
Preparing abstracts for the Journal Plant Breeding Abstracts, which 
covers world scientific literature in this field: indexing, and answering 
scientific enquiries. 
Qualifications: "EM - 
A degree in botany, genetics, or a related subject is essential, plus а 
reading knowledge of at least one European language (Slavonic 
languages preferred) and the ability to write good English. Applicants 
must be able to render the contents of scientific publications into 
concise, accurate and readable abstracts. 
Salary: | 
; In the scales £5,909 — £8,153 p.a., £7,435 — £10,039 p.a. Starting salary 
* according to qualifications and experience. 
Application forms and further particulars 
from 
Commonwealth Bureau of Plant 
Breeding and Genetics 
Department of Applied Biology 
Pembroke Street, Cambridge CB2 3DX 
Tel. No: Cambridge (0223) 358381, 
etxn.216. 
SEM date for applications: 20th June, 
1985. 





Consejo Superior de 
Investigaciones Cientificas 


INSTITUTO CAJAL 
(Madrid, Spain) 


Three permanent research positions will be available in 1985 at The 
Cajat:institute for Neurobiology. One of the positions is open for 
neurophysiologist and the other two for specialists in any other branch 
of Neuroscience. The appointments will be at the Research Associate 
level. Applicants must be Spanish citizens and have a M.D. or Ph.D. 
degree. 

Further information may be obtained from: 

The. Director, Instituto Cajal, Veláquez 144, 28006-Madrid, 

|]. Spain. (w1889)A 



































Bureau of Mineral Resources 
Geophysics Division 
Canberra — — 
GEOMAGNETISM 
SECTION MANAGER | 
A$34757 - A$37028 


The Geomagnetism Section ofthe Division of Geophysics; 
Bureau of Mineral Resources, comprises a staff of 15. 
The Section is responsible for operating the magnetic 
observatories and conducting magnetic surveys in the 
Australian and Antarctic regions, and also runs a modern 
palaeomagnetic facility. Mission oriented research is 
carried out in the fields of solid-Earth geomagnetism and 

palaeomagnetism. | 


Duties: 

The Manager, acting under the Section Head, is responsible 
for administration of the section, and the co-ordination of > 
magnetic (including palaeomagnetic) observatory and 
survey operations. The person appointed will be expected 
to initiate and participate in aspects ofthe research program. 


Qualifications: 

An appropriate degree or equivalent, ability to manage a 
scientific team, experience in magnetic (including palaeo- 
magnetic) observatory and survey operations, the abilityto 
carry out original research in geomagnetism. 
Conditions: 

The BMRis par: of the Australian Public Service. To qualify 
for permanentéppointment, applicants mustbe Australian: 
citizens. Non-citizens may be appointed under a 3-year 
contract, with the expectation that they seek permanent 
appointment. Conditions ofservice (pensionscheme, leave 
entitlement, etc.) are those pertaining to the Australian 
Public Service. Movingandsettling-inallowancesare paid 
to persons, and their dependent families, appointed from 
overseas. 


Canberra, the national capital, is located approximately < 
280km southwest of Sydney and has excellent educational, 
recreational and sporting facilities. 


Applications, including a curriculum vitae, statement of 
research interests, and names of professional referees . | 
should be addressed to: Staff Section, Bureau of Mineral. || 
Resources, PO. Box 378 Canberra, А.СТ. 2601, Australia. 


Please quote reference: Position No. 2409, Geomagnetism. = 
Applications should be submitted before 30th June 1985. = |! 
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Postdoctoral or Research 
Associate Position | 


Available July 1, 1985. Project involves function of acti 
isoforms, post-trenslationally modified tubulin species, and 
microtubule-associated proteins. Biochemisty or molecular 
biology background is desirable; the lab uses these, as well as 
peptide antibody techniques, HPLC, cell culture, and immuno 
staining. Salary depends on experience. Send curriculum vitae 
and the names of three references to: E 
Dr. J.C. Bulinski, Department of Biology, University of 
California, Los Angeles, CA 90024. (NW1805)A 




























THE AUSTRALIAN NATIONAL UNIVERSITY 
Dplications are invited from suitably qualified men and women for 
ppointment to the following positions: 


: Research School of Earth Sciences 
POSTDOCTORAL FELLOW/RESEARCH FELLOW/ 

SENIOR RESEARCH FELLOW 

NOBLE GAS GEOCHEMISTRY 


Dplications are invited for an appointment in the School's 
eochronology and Isotope Geochemistry Group, the field of interest 
ing noble-gas geochemistry. The appointee will work with Dr lan 
AcDougall, Senior Fellow, in developing research in this field, which is 
w to the School. The School wishes to make the appointment at the 
esearch Fellow level, but will be prepared to consider applications at 
e level PDF or SRF. 


öble gas investigations are being initiated to assist іп elucidation of the 
chemical evolution of the mantle, the mantle-crust system, and the 
tmosphere. Research initially will concentrate on mantle-derived 
оске, with subsequent development of studies on fluids in the crustal 
nvironment. Provision of a suitable high-resolution gas-source mass 
Dectrometer is in hand, and construction of appropriate extraction 
nes is planned. 

ersons with suitable backgrounds in the physical sciences, and with 
rticular interests in geochemistry, are encouraged to apply. 
xperience in noble gas studies on geological samples would be a great 
antage. 

‘@ppointee will assist in developing the laboratory facilities, and will 
expected to undertake discrete projects within this broad field of 
dy. Active collaboration with other workers in isotope geochemistry 
nvisaged. Enquiries may be directed to Dr | McDougall (062 49 4136). 
losing date: 19 July 1985. Rf: ES/1.5.1. 


Faculty of Science 
DEPARTMENT OF ZOOLOGY 
POSTDOCTORAL FELLOW 

е successful applicant will work on a NH & MRC funded project 
volving gene cloning of sheep parasites particularly larval tapeworms 
d liver fluke. Particular interest will be centred on those genes which 
le for antigens that are involved either in resistance to reinfection or 
munopathological phenomina. A principal objective will be to obtain 
ression of these antigens in prokaryotic systems. Experience in gene 
ning techniques is essential and some knowledge of immunological 
cedures would be highly desirable. The successful applicant will 
ark in the Centre for Recombinant DNA Research, Research School 
f Biological Sciences (Executive Director: Professor J A Pateman 
RS). The position is funded for З years. Previous applicants need not 
pply as all applications will be considered. 


‘ther information is available from Dr M J Howell, (062) 49 3060 or 
49 4225. 

losing date: 15 July 1985. Ref: FS/1.5.1 

'ONDITIONS OF APPOINTMENT: Salary will be in accordance with 
uialifications and experience within the range: Postdoctoral Fellow 
A21,411-$24,528 pa; Research Fellow $A24,840-$32,634 pa; Senior 
search Fellow $4A34,699-$41,390 pa. Current exchange rate is 
A1,00 — Stg 0.48. 

jrants are provided towards travel and removal, though special 
‘onditions may apply to persons appointed to externally funded 
“sitions. Assistance towards housing is given to an appointee from 
utside Canberra. Eligible appointees will be required to join the Super- 
innuation Scheme for Australian Universities. Maternity leave is 
ilable. The University reserves the right not to make an appointment 
arto make an appointment by invitation at any time. Applicants 
поша quote the advertisement reference when requesting 
urther particulars and when submitting applications, which 
hould be sent to the Acting Registrar of the University, GPO 
ox 4, Canberra, ACT 2601, Australia. General Information also 
манаме from the Secretary General, Association of Common- 
wealth Universities (Appts) 36 Gordon Square, London WC1H 


PF. 
THE UNIVERSITY 15 AN EQUAL OPPORTUNITY EMPLOYER 
1W1880)A 


































































UNIVERSITY OF TORONTO 
DEPARTMENT OF BOTANY 


POSTDOCTORAL FELLOW 


иес to work in group studying molecular basis of metai-tolerance in 
icro-organisms and higher plants. Applicants should have experience 
n recombinant DNA techniques; knowledge of microbial physiology 
ind plant ecology an'advantage. Salary is in range of $21,500 Canadian. 
osition is available immediately. Please send detailed letter and 
V., plus three letters of reference to Prof. T.C. Hutchinson, 
Jepartment of Botany, University of Toronto, Toronto, Ontario, 
anada М55 1А1. (NW1809)A 













VICE PRESIDENT FOR RESEARCH 
THE UNIVERSITY OF GEORGIA 


The University of Georgia invites nominations and applications for the 
position of Vice President for Research. 


Located in Athens, Georgia, The University of Georgia is the nation's 
oldest chartered state university. The University ranks among the top 
50 research institutions in the country and operates with annual 
research expenditures in excess of $80 million across its 13 schools and 
colleges. 


The Vice President for Research will administer the University's 
research resources, serve as an executive officer of the University and 
report to the President. He/she will facilitate and coordinate a vigorous 
expansion of competitively-funded research programs, and seek new 
avenues for creative partnerships with the private sector and 
government agencies. She/he will exert strong leadership in the 
organisation and funding of new, interdisciplinary research programs, 
and will formulate reward and incentive systems for faculty 
participation in sponsored research. 


Nominees/applicants should have a record of executive-level accom- 
plishments, knowledge of current R&D environments encompassing 
national and international perspectives in private, public, and govern- 
mental sectors, and should possess a working knowledge of higher 
education, including the nature and scope of university research 
activities. Candidates should have the terminal degree or equivalent 
experience in their discipline, and credentials suitable for appointment 
at the level of professor in the University. 


Nominations should include the nominee's address and telephone 
number. Applications should include a letter of interest, a curriculum 
vitae, and the names and addresses of 5 persons who can serve as 
references. The closing date for receipt of completed applications is 
July 15, 1985. The position may be occupied as early as January 1, 
1986. 


Address all nominations and applications to: 


Vice President for Research Search 
Committee 
c/o Dr Luis M. Proenza 
Office of the President 
The University of Georgia 
Athens, Georgia 30602 
The University of Georgia is an 


Equal Opportunity/ Affirmative Action Employer 
(NW1795)A 
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MAMMALIAN CELL BIOLOGIST 


A Ph.D. with academic or industrial post-doctoral experience is sought 
for a position in a multidisciplinary group studying high density 
mammalian cell culture in the Biotechnology Laboratory of Central 
Research at The Dow Chemical Company. The successful candidate 
will have experience in handling multiple cell lines and associated 
analytical techniques and will have responsibility for the planning, 
organization and execution of a high priority program in the 
development of optimal culture conditions. 
For further information, please contact: 

Dr. Kerr Anderson 

Central Research 

Biotechnology Laboratory 

1701 Building 

The Dow Chemical Company 
Midland, MI 48674 






















(NW1808)A 


SCOTTISH CROP RESEARCH INSTITUTE 
DIRECTOR 


The Governing Body of the Scottish Research Institute invites 
applications for the post of Director which will become vacant on the 
retirement of Professor C E Taylor CBE in March 1986. 


SCRI, which is funded by an annual grant from the Department of 
Agriculture and Fisheries for Scotland, is a major crop research institute 
within the Agricultural and Food Research Service. It's research 
programme requires a wide range of scientific disciplines associated 
with the production and breeding of arable and horticultural crops. 
Candidates should have an established record of scientific leadership 
and the capability to manage an organisation with over 300 staff. 


Salary; £26,909 per annum non-contributary superannuation scheme. 
The Institute is an equal opportunities employer. 


Further particulars can be obtained from Мг N D Anderson, The 
Secretary to the Governing Body. 

Applications accompanied by a full curriculum vitae and the 
names and addresses of three referees should be lodged with 
the Secretary to the Governing Body, Scottish Crop Research 
Institute, Invergowrie, Dundee DD25DA. 

Closing date 12 July 1985. 
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DROSOPHILA 
DEVELOPMENT 


University of Arizona 






1 Тумо postdoctoral positions 
available to work on molecular 
aspects of pattern formation and 
morphogenesis in Drosophila. One 
position state-funded at the level of 
Visiting Lecturer, with 
opportunities for teaching. Salary 
commensurate with experience. 
Send CV, statement, and names, | 
addresses, and telephone numbers 
of at least three referees to: Dr. 
Danny Brower, Department of 
Molecular & Cellular Biology, 
Biosciences West Building, 
University of Arizona, Tucson, AZ 
85721, USA. Position to begin Fall 
1985. An equal opportunity/affir- 
mative action employer. 

(NW1801)A 





























Post Doctoral Fellow — | 
Experimental Pathology 





At Smith Kline & French we wish to appoint a Post Doctoral Fellow - 
within a new laboratory of our expanding Pathology Department. 

The work will be to apply cell and organ culturetechniquesto — ' 
the investigation of cell pathology related to new and model 
compounds. integrated projects with histopathologists, EM and 
Clinical pathologists will also be invclved. p 0 

A PhD and post doctoral experience in the useofinvitro ^ 
techniques applied to experimental pathology isrequired. ^ ' 
Experience in bone marrow CFU and lymphocyte culture would be 
an advantage. 





















TWO RESEARCH 
ASSOCIATE 
POSITIONS 


Available immediately. Experience 


in proteins and recombinant DNA. 
Salary $18,000 to $22,000. 

Send CV and three references to 
Dr. O.P. Bahl, Dept. of Biological 
Sciences, SUNY at Buffalo, Cooke 
Hall 347, Buffalo, NY 14260. Equal 
Opportunity/ Affirmative Action 
Employer. (NW1811)A 





UNIVERSITY OF MANITOBA 
Department of Plant Science 


POSTDOCTORAL POSITION 
PLANT CYTOGENETICS 


Applications are invited for a position available September 1 to carry 
out research on wheat-rye chromosome substitutions in triticale. These 
studies concern the use of chromosome banding techniques for the 
identification and establishment within an isogenic background, disomic 
substitution lines involving individual chromosomes of rye and their 
homoeologues from wheat. Experience with chromosome banding 
techniques and electrophoretic analysis of plant proteins in desirable. 
The appointment is initially for one year with a maximum of two years. 
Starting salary from $18,500 to $20,500 per annum according to 
experience. 

Send curriculum vitae with names and addresses of two referees to:- 
Dr. E.N. Larter, Department of Plant Science, University of 
Manitoba, Winnipeg, Manitoba, Canada R3T 2N2.(NW1807}A 


POSITION OPEN 
RESEARCH ASSOCIATE POSITION 


available immediately to study the dynamics of membrane phase 
transitions using a novel volume-perturbation kinetic calorimeter which 
we have developed. We are seeking a person with a Ph.D. in Bio- 
chemistry, Biophysics or related field for a Research Associate position 
to work on this project. : . 
Our calorimeter measures the thermodynamic phenomenon associated 
with phase transitions in membrane systems via temperatures and 
pressure changes and optical properties. The person we seek must be 
.able to synthesize artificial lipid membranes in pure form and mixed with 
other constituents, and be able to reconstitute protein recombinant 
-systems so the proteins retain their native functions. This person will 
conduct experiments, do some hardware modification, and modify and 
мее computer software for data acquisition and experimental analysis. 
z The individual must have a working knowledge of membrane systems. 
He/she must also be experienced with computer hardware and 
software methods for data acquisition, instrument control, data 
analysis and modelling studies. 
Send Curriculum Vitae and names of referees to Dr. Michael L. 
Johnson, Department of Pharmacology, University of унаа, 
Charlottesville, Virginia 22908. An Equal Opportunity/ A irma- 
tive Action Employer. (NW1813)A 


We offer a competitive salary and benefits for this two year 
fixed term appointment. 

Please write for an application form or send a detailed CV 
outlining your qualifications and experience quoting reference 
number N/123/JW to John Ward, Personnel Officer, 

Smith Kline & French Research Limited, The Frythe, Welwyn, 
Herts AL6 9AR. 



















DEVELOPMENTAL BIOLOGIST 
CORNELL UNIVERSITY MEDICAL COLLEGE 


Applications are invited for a senior or junior tenure-track faculty posi- 
tion. Applicants should have at least two years of postdoctoral e 
perience and maintain a research program in early development or mor- 
phogenesis, using genetic, recombinant DNA, biochemical, im: 
munological, and/or cell biological tools to explore mechanisms of pat- 
tern specification and determination in a vertebrate or invertebrate 
system. The position includes supervision of graduate students and 
teaching in a related area. : 


Send curriculum vitae, research summary, and three letters of 
reference to: Dr. Rosemary Bachvarova, Developmental Search 
Committee, Department of Cell Biology and Anatomy, Cornell 
University Medicai College, 1300 York Avenue, New York, 
NY10021. An Equal Opportunity/Affirmative Action Employer. 
(NW1767)A 





















CELL BIOLOGIST 

UNIVERSITY OF ALABAMA AT BIRMINGHAM _ . 
Applications are invited for two senior, tenured positions in the 
Department of Cell Biology at the level of Associate or Full Professor, 
Candidates must have achieved international recognition in cell or 
molecular biology, have a productive and well funded research program 
and be willing to move the program to Birmingham. Preference will be 
given to individuals employing molecular techniques to study the structure 
and function of cell components, growth control, regulation of gene 
expression, cell development or motility. Successful candidates will be 
offered nationally competitive salaries, excellent laboratory space and 
facilities, and an outstanding research environment in a rapidly expanding 
medical center. Ample opportunities exist for teaching in the Schools 
of Medicine and Dentistry including gross anatomy, neuroanatomy, 
histology or in a new graduate program in cell biology. 


Applicants should send a curriculum vitae anda brief description 
of past and present research experience and the names of three 
or more references by July 1, 1985 to: B. R. Brinkley, PhD, 
Professor and Chairman, Department of Cell Biology and 
Anatomy, Schools of Medicine and Dentistry, University of 
Alabama at Birmingham, University Station, Birmingham, 
Alabama 35294. An Equal Opportunity/.- 
Affirmative Action employer. (NWT1785)A 



































Southampton 
THE 


Department of Chemistry 
Production and 
properties of 
Silicon-on-Insulator 

materials 
Postdoctoral position will be 
itable from October 1985 for a 
уса! Chemist or Physicist to 
iticipate in a fundamental study 
f the production of new semi- 
ductor materials. The project 
employ a novel combination 
techniques, including electro- 
mistry and in-situ ellipsometry 
ed to porous silicon sub- 


ates, which are being evaluated 
the basis of the next generation 
fast devices. 


‘vious experience in electro- 
iemistry.or spectroscopy would 


an. advantage, and some 
jwledge of computer program- 
ing or computerised instrumen- 
nis necessary. The salary will 
at a point on the SERC 1A 
ale commensurate with the age 
experience of the appointee. 


plications together with the 
mes of two referees should 
sent as soon as possible to: 
В. Greef, Chemistry 
artment, The University, 
thampton SO9 5NH, UK, 
whem further information 
be obtained. (6670)A 


YNDON SCHOOL OF 

IENE AND TROPICAL 
MEDICINE 

VERSITY OF LONDON) 


PARTMENT OF MEDICAL 
PROTOZOOLOGY 


JLECULAR BIOLOGIST 
si-doctoral position will shortly 
me available in this Department 
усаг period for a suitable in- 
al who wishes to join a team in- 
wating the mechanisms of drug- 
nee in malaria, under the direc- 
of the Head of the Department, 
essor W. Peters. The project will 
rried out in close association with 
members of the Wolfson Unit of 
‘cular Medical Microbiology and 
tology who are based in this 
arimeni. Applicants must have 
ing and experience in recombi- 
DNA technology and will work 
ly with other members of the 
y who are investigating the very 
gical problem of drug-resistant 
iria from other points of view, in- 
ng the evaluation in depth of pro- 
ig new antimalarial compounds. 
"appointment, which will be for 
to three years in the first instance, 
ries a starting salary in the range 

.543 to £13,173 per annum. 


andidates should send, as soon as 
ible, a full curriculum. vitae 
seribing their previous training, 
earch experience and research in- 
is, together with the нате» of 
referees, to the Personnel OT- 
"London School of Hygiene and 
picat Medicine, Keppel Street, 
don, WCIE 7HT. Please quote 
nee MPI, 

: 16632)A 











-UNIVER 


OF GLASGOW 
DEPARTMENT OF BIOCHEMISTRY 


Positions are available for a tem- 
porary lecturer, postdoctoral worker 
and SERC-CASE student. All posts 
are tenable from the Ist of October, 
1985. 


The temporary lectureship is 
available for 3 years and results from 
an MRC-replacement scheme award 
to Dr H C Nimmo. The appointee 
would be encouraged to undertake 
research and to collaborate with ex- 
isting groups within the Department. 


The postdoctoral position is 
available for 2 years to work with 
Professor Houslay's group on 
guanine nucleotide regulatory pro- 
teins and their interaction with 
adenylate cyclase. This appointment 
is funded by the MRC and will be 
made within the first three points of 
the 1А salary scale for research 
workers. 


An SERC-CASE studentship 
award for the study of a PhD is 
available to work jointly with Pro- 
fessor Houslay at Glasgow and Dr 
Baxter at Glaxo. This project is aimed 
at understanding the physiological 
importance of the tyrosine kinase ac- 
tivity associated with the insulin 
receptor. The conditions of this 
award are as generally applicable to 
research council studentships. 


Further information may be ob- 
tained from, and informal enquiries 
may be made to, Professor M D 
Houslay, Department of Bio- 
chemistry, University of Glasgow, 
Glasgow G12 8QQ, to whom applica- 
tion (3 copies), should be made by 
30th June, 1985. (6691)A 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF ZOOLOGY 


POSTDOCTORAL 
RESEARCH ASSOCIATE IN 
NEUROBIOLOGY 


Applications are invited for a 
postdoctoral Research Associate to 
work with a small group, supported 
by the SERC investigating the 
physiology and structure of insect 
brain neurones. Interests are both in 
the operation of synapses which iden- 
tified visual neurones make amongst 
each other, and in the function of 
these. neurones in the control of 
behaviour. In particular, we plan to 
compare the membrane properties 
and synaptic structure of different 
neurones, with the aim of understan- 
ding more about the roles of spikes in 
regulating transmitter release from 
neurones. Applicants should have ex- 
perience in ultrastructural or in elec- 
trophysiological techniques, and are 
required either to have or to be close 
10 completing a PhD. The appoint- 
ment is for 3 years tenable from 
tst July 1985 (deferable for up to 6 
months). 


Salary will be up to £8,450 per an- 
num on the Range 1A scale (£7,520 - 
£12,150) according to age, qualifica- 
tions and experience. 


Applications (2 copies of cur- 
riculum vitae and research ex- 
perience), plus names of 2 referees, or 
enquiries to: Dr P J Simmons, 
Department of Zoology, University 
of Newcastle upon Tyne NE! 7RU 
not later than 13th June 1985. 

(6627)A 


| perience 


NATURE = . Ў 
CONSERVANCY COUNCIL 
(Commissioned Research —) 

(Contract Post) 
DEPARTMENT OF ENTOMOLOGY 
HIGHER 
SCIENTIFIC OFFICER 
DATA HANDLING/ 
ENTOMOLOGIST 


Applications are invited for a one year 
contract post funded by the Nature 
Conservancy Council, to be based in 
the Entomology Department, 
Rothamsted Experimental Station, 
Harpenden, Herts. The successful 
applicant will be responsible for 
analysing light trap data for moths 
gathered by the Rothamsted Insect 
Survey. The project will investigate 
whether any long term trends are 
apparent for the polulations of 
particular moth species, or for the 
fauna of selected sites. The RIS moth 
data is stored on computer file and so 
previous computing experience is 
essential, and some familiarity with 
the British moth fauna would be an 
advantage. 


Qualifications. Candidates should 
have a first or second class honours 
degree, or equivalent, in computing 
studies or in zoology and with at least 
two years relevant postgraduate 
experience. 


Salary depending on age and 
qualifications. Higher Scientific 
Officer £7,435 rising to £10,039 per 
annum. 


Application forms and further 
details are available from Miss B A 
Meredith, Personnel 1, Nature 
Conservancy Council, Northminster 
House, Peterborough РЕТ ТАО. 


The closing date for receipt of 
completed application forms is 21 
June 1985. The Nature Conservancy 
Council is an equal opportunity 
employer. (6653)A 





UNIVERSITY OF GLASGOW 


DEPARTMENT OF VETERINARY 
PATHOLOGY 


MOLECULAR VIROLOGY 
UNIT 


A molecular virology unit has been 
established to develop novel vectors 
for the expression of viral antigens in 
mammalian systems. This unit works 
in close collaboration with virilogists 
and molecular biologists in this 
department and at the Beatson 
Institute. 


Three positions, supported by the 
National Institutes of Health, are im- 
mediately available. Applications are 
invited for 2 post-doctoral fellows 
(salary range £8,450 to £10,720 per 
annum) and a research assistant 
(£6,600 per annum). The research 
assistant may apply to register for a 
higher degree. 


The applicants should have ex- 
in recombinant DNA 
technology and a background in 
virology would be an advantage. 
Applications should be sent to, and 
further particulars may be obtained 
from, Professor W F H Jarrett, FRS, 
University of Glasgow Veterinary 
School, Bearsden, Glasgow G61 
IQH (telephone number 041-942 
2301). (6692)A 











NIVERSITY OF LONDON 
THE CARDIOTHORACIC 
INSTITUTE 


DEPARTMENT OF MEDICINE 
NEW BLOOD 
APPOINTMENT 


Applications are invited for a ‘*New 
Blood'' appointment in the Depart- 
ment of Medicine. The successful 
candidate is likely to be a clinical or 
non-clinical scientist with experience 
in the application of immunological 
and cell biological methods to study 
of the pulmonary macrophage. He or 
she will be expected to be sufficiently 
experienced to contribute new basic 
scientific ideas in this area and to 
carry these through experimentally in 
the current programme of research 
being conducted in rhe Department of 
Medicine into the cellular, bio- 
chemical and host defence aspects of 
pulmonary disease. A clinical appoin- 
tee would be expected to co-ordinate 
the programme of laboratory research 
as it is applied to in-patients and out- 
patients, and to participate in the 
teaching activities of the Department. 


Candidates should not hold a 
permanent University appointment in 
the UK. Appointment will be on the 
Clinical or non-Clinical Lecturer 
scale. А London Allowance is 
payable. 


Applicants should apply by letter, 
enclosing 8 copies of their curriculum 
vitae, a statement of not more than 
500 words on why they are applying 
for this post, and naming 3 referees 
to The Secretary, Cardiothoracic 
Institute, Fulham Road, London SW3 
6HP from who further particulars can 
be obtained. Closing date for = 
application 21 June 1985.(6645)A 





UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF CHEMICAL AND 
BIOCHEMICAL ENGINEERING 


POSTDOCTORAL AND 
POSTGRADUATE 
RESEARCH ASSISTANTS 


RESEARCH TECHNICIAN 


Applications are invited from 
biochemical and chemical engineers, > 
biochemists and microbiologists for 
four posts in the Department of - 
Chemical and Biochemical 
Engineering to work on two research 
programmes. 


(1) Biocatalytic reaction. involving 
water-insoluable organic compounds 
(supported by SERC). 


(2) Extended use of biocatalysts 
(supported by DTI and seven 
companies through The Institute for 
Biotechnological Studies). 


Appointments for three years 
starting as soon as possible will be 
made on the 1A. and 1B scale for 
research assistants, and grade 3 scale 
for the technician. 


Applications including CV and 
names and addresses of two referees: 
should be sent to Professor M D Lilly, 


Department of Chemical & Bio- ii 


chemical Engineering, University © 
College London, Torrington Place, - 
London, WCIE 7JE. (6652)A_ 
























SERVANCY COUNCIL 
SENIOR 
SCIENTIFIC OFFICER 


Co-ordinator for remote sensing of 
‘the environment. 


The successful candidate will be 
required to assist: with the 
management and co-ordination of the 
National Countryside Monitoring 
Scheme. The duties. will. include 
advising NCC staff. on digital 
cartography and the. development of 
NCC's use of satellite imagery for 
(s monitoring- ригроѕеѕ, Other 
responsibilities will include liaising 
with the Department of Environment, 
Countryside. Commission, 
Countryside Commission (Scotland), 
institute of Terrestrial Ecology and 
other. Organisations concerned with 
Us the monitoring of countryside feature 
5 through remote sensing. 


-Candidates should have a degree in 
an appropriate subject and at least 
four years post graduate experience. 
Essential experience will include 
digital cartography, photogrammetry,’ 
statistical analysis and sampling 
Strategies involving remote sensing, 
the ability to write and edit the 
necessary computer software and 
management experience of remote 
sensing programmes. 


Salary range: £9,329 to £12,050. 


;, For further details and an 
application form, please contact Mr 
7.9 Woodfield, Personnel 1, Nature 

Conservancy Council, Northminster 






^; House, Peterborough PEI ТАО to 


whom completed forms should be 
returned by the 19 June 1985. 


The Nature Conservancy Council is 


an equal opportunity employer 
(6654)A 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF GEOLOGY 


Applications are invited for the 
post of 


RESEARCH ASSISTANT/ 
SENIOR 
RESEARCH ASSISTANT/ 
RESEARCH ASSOCIATE 


to work on a study of fault geometry 
“and mechanics using data from col- 
i.-liery plans and records. Applicants 

should be graduates in a branch of 
Earth Sciences and have а good 
-grounding in either structural 
<: geology or geophysics. An interest in 
computing and/or quantitative 
methods in geology would be an 
advantage. There will be no oppor- 
tunity to register for a higher degree. 
A candidate currently registered for a 


-higher degree will only be considered 


vf thesis submission is imminent. 
Appointment will be from Ist July, 


“1985, initially for one year. Initial 


salary will be within the range £6,600 
i. £9,390 per annum. 


"Applications, together with the 
names of three referees, should be 
received not later than 14th June, 
. 1985, by The Registrar, The 
< University, PO Box 147, Liverpool, 
1,69 3BX, from whom further par- 
- ticulars may be obtained. 


Quote ref RV/294/N. (6662)A 








VICTORIA UNIVERSITY 
OF WELLINGTON 
DEPARTMENT OF BIOCHEMISTRY 
TEMPORARY 
LECTURER IN 
BIOCHEMISTRY 


Applications are invited for the above 
position, which is available from 1 
February 1986. Applicants should 
have recently obtained a PhD in con- 
temporary biochemistry. The most 
desirable areas of expertise are those 
of molecular biology (in particular 
recombinant DNA technology), 
molecular enzymology or protein 
chemistry. The research interest of the 
Department lie in mechanistic studies 
in biochemical pharmacology and tox- 
icology with a bias towards projects 
of agricultural significance. The ap- 
pointeee will be expected either to 
redirect his or her expertise into ex- 
isting projects or to initiate new 
research compatible with departmen- 
tal interests. Experience in relevant 
fields such as biochemical phar- 
macology or insect biochemistry or 
toxicology would therefore be 
advantageous. 


Salary will be the range NZ$23,622 
— NZ827,928 per annum. The ap- 
pointment will initially be for a period 
of two years. Extension for a third 
year may be possible depending on the 
outcome of a review of the Life 
Sciences at Victoria University. 


Conditions of Appointment and 
method of application are available 
from the Secretary General, Associa- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF; or the Administrative 
Assistant (Appointments), Victoria 
University of Wellington, Private 
Bag, Wellington, New Zealand, with 
whom applications close on 26 July 
1985. (W1901)A 





THE SCHOOL OF 
PHARMACY 
University of London 


DEPARTMENT OF 
PHARMACEUTICAL CHEMISTRY 


POSTGRADUATE 
Research Opportunities in 
Pharmaceutical Chemistry 


Applications are invited for a number 
of positions for postgraduate research 
leading to higher degrees. Candidates 
should have or expect to have a good 
honours degree in pharmacy, chemis- 
try, biochemistry or biophysics. 


Research Council and industrially 
sponsored projects on offer include. 


(a) Diffusion and light scattering of 
biopolymer systems. 

(b) Applications of fast atom bom- 
bardment mass spectrometry in phar- 
maceuticai and biological chemistry. 
(c) Chemical and biological NMR 
spectroscopy; and 

(d) Synthesis and structure of natural 
products and peptides. 


Applications should indicate area(s) 
of interest, giving names of two 
academic referees and two copies of 
CV and, to be sent to: Personnel Of- 
ficer, The School of Pharmacy, 29/39 
Brunswick Square, London, WCIN 
ІАХ. (6674)A 












MICROBIOLOGIST 
Molecular immunology, 
Division 




















at fully competitive levels. 





number МІ001, to: 


UNIVERSITY OF 
LEICESTER 
DEPARTMENTS OF ZOOLOGY AND 
OBSTETRICS AND GYNAECOLOGY 
SENIOR DEMONSTRATOR 
IN REPRODUCTIVE 
PHYSIOLOGY 


Applicants are invited for a post of 
Senior Demonstrator in Reproductive 
Physiology. This will be a joint ap- 
pointment in the Department of 
Zoology and Obstetrics and 
Gynaecology. Applicants should have 
experience in tissue culture and/or the 
culturing of mammalian embryos, 
and should preferably be post- 
doctoral. The appointee will be re- 
quired to assist in collaboration with 
the two departments in developing a 
programme of extracorporeal fer- 
tilisation. There will also be a teaching 
commitment in the area of cell and 
developmental biology in the Depart- 
ment of Zoology. The appointment 
will be for two years. 


Initial salary will depend on age and 
experience on the scale £7,520 to 
£12,150 (under review). 


Further particulars from the 
Registrar (Appointmentsi, University 
of Leicester, Laiversity Road, 
Leicester LE! 7RH (telephone 0533 
554455 ext 233), to whom applications 
on the form provided should be sent 
by 17 June 1985. Informal enquiries 
can be made to Professor H C 
Macgregor, Department of Zoology: 
Telephone 0533 354455 ext 115. 

(6642)A 


The Molecular Immunology Division of Allelix Inc. is seeking: 
microbiologist with experience in the culture, maintenance а 
isolation of clinically important infectious agents for the Prod: 
Development Group. The successful candidate will work i 
team developing rapid diagnostic immunoassays for th 
diagnosis of infectious diseases. This individual will possess 
Ph.D. in microbiology and at least two years’ post-doctora 
experience in clinical microbiology. Experience in immunoassa! 
and protein chemistry techniques will be advantageous. 
Allelix provides the opportunity to learn from and interact wi 
experienced staff scientists, in addition to the immediate project 
leader, in a well-equipped laboratory. Salaries and benefits ; 


Interested candidates are asked to send complet 
resumés, including three references and quoting fi 


Dr. J.G.R. Hurrell 


Allelix. 


6850 Goreway Drive 
Mississauga, Canada 
L4V 1Р1 


























































UNIVERSITY OF THE 
WEST INDIES . 
St Augustine, Trinidad: 
DEPARTMENT OF MECHANIC 
ENGINEERING, 
INDUSTRIAL ENGINEERING 
PROGRAMME 
LECTURER/ ` 
ASSISTANT LECTURE: 


Applications are invited for the 
of Supernumerary Lecturer/Assis 
Lecturer in the Department 
Mechanical Engineering, Industri 
Engineering Programme, specialisi 
in Operations Research and Pro 
tion/Investment Planning. Thea 
pointment will be two years. ` 


Salary scales: Lecturer: TT$54,7 
x 1,908 — $66,156 (Bar) x 1,908. 
$77,604; Assistant Lecta 
TT$45,480 x 1,908 ~ 849,29 
FSSU. Unfurnished accommodat 
if available at 10% or furnishe: 
12% or housing allowance of 20% 
pensionable salary. Up to 
economy passages on appoinit 
and on normal termination. = 
and Travel Grant. 


Detailed applications giv 
qualifications’ and experience’ 
naming three referees to the Cam 
Registrar, University of West. Indi 
St Augustine, Trinidad, West 1 
Details of post sent to all applican 
but also available from the Secreta: 
General, Association of Con 
monwealth Universities (Appts) 
Gordon Square, London WCIH OP 

(W1902)A 





‘The AMC Cancer Research Center seeks to expand its laboratory and 
clinical research programs. Individuals at all levels, from Post-doctoral 
eilows to Department Chairmen, will be considered. Current interests 
nclude tumor cell biology, tumor immunology, experimental 
monoclonal antibodies, cell kinetics, 
etabolism, nuclear magnetic resonance imaging, as well as clinical 
dnd national community research and control programs. Scientists 
Assistant Professor equivalent) will be expected to vigorously develop 
ndependent research. Senior Faculty must be of national prominence 
ind hold significant external funding. Opportunities exist for collabora- 
ion and growth. Facilities, equipment and initial research support are 
vailable. Clinical resources on campus include a 32 bed inpatient unit, 
utpatient clinics апа services. Individuals with interests bridging 
aboratory and clinical cancer research are particularly sought. Send 
'urriculum vitae and other pertinent information to: 


Dr. Philip Furmanski 
Associate Director 
AMC Cancer Research Center 
1600 Pierce Street 
Denver, Colorado 80214 


















егпаїоіоду, 











. UNIVERSITY OF THE 
^. WEST INDIES 
MONA, JAMAICA 


PARTMENT OF BIOCHEMISTRY 
plications are invited for the 
owing posts in the University of 
West Indies 


.ECTURER/ASSISTANT 
LECTURER 


desirable for teaching purposes 
t the successful applicant should 
е а broad training in Bio- 
stry. Certain areas of research 
t are particularly welcome, eg 
y biochemistry, toxicology, 
ion, immunology, biotech- 
Duties to be assumed as soon 





























y scales (under review}: Lec- 
(non-medical) J$23,688 х 
~ 28,296 (B)x825-33,246. 
istant Lecturer (non-medical) 

379 x 717-21,813. 


900 on appointment and nor- 
ermination. Special allowance 
to US$900 on appointment and 
mal termination. Special 
wance up to US$300 for shipment 
academic books and teaching/ 
ch equipment on appointment. 
ished accomodation at 10% 
sionable salary or housing 
wance of 20% of pensionable 

y.. UWI contribution of 
ivalent of 10% of salary to Super- 
uation Scheme. Subsidized 
Annual Book 
'wance. Annual Study and Travel 
int for self, spouse and three 
геп. Transportation allowance 
persons who own and operate a 
or vehicle. 




























etailed applications (three 
pies) giving full particulars of 
ualifications and experience, date of 
irth, marital status, and the names 
addresses of three referees 
ld be sent as soon as possible to 
"Campus Registrar, UWI, Mona, 
gston 7, Jamaica. Applicants in 
UK should also send one copy to 
Assistant Secretary General (Ap- 
ntments) Association of Com- 
nwealth Universities, 36 Gordon 
паге, London WCIH ОРЕ. Fur- 
details obtainable from either 
(W1905)A 


nucleic acid 


(NW1798)A 


THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 
London WIP 6DB 
(University of London) 


DEPARTMENT OF ANATOMY AND 
BIOLOGY AS APPLIED TO 
MEDICINE 


POST-DOCTORAL 
RESEARCH ASSISTANT IA 


Applications are invited for this 
SERC supported post, tenable from 
October 1, 1985 (or earlier), to work 
for 3 years on cell contact and 
movement using advanced fluores- 
cence methods. 


Written applications, including the 
names of two referees, should be sent 
to Professor D Gingell at the above 
address. (6650)A 


TECHNICAL UNIVERSITY 
OF GRAZ, AUSTRIA 


The Chemistry Department of the 
Technical University of Graz invites 
applications for the position of a 


FULL PROFESSOR OF 
PHYSICAL CHEMISTRY 


at the Institute of Physical and 
Theoretical Chemistry. Applicants 
are expected to be internationally 
recognized researchers having ap- 
propriate teaching experience to 
teach the full course program of 
Physical Chemistry. Willingness to 
cooperate with existing research 
groups at the institute (crystal struc- 
ture, theoretical chemistry, spec- 
troscopy and magnetochemistry, 
solid-state chemistry, quantum 
chemistry) and interest in inter- 
disciplinary team work is expected. 
Candidates are asked to send their 
resume (curriculum vitae, teaching 
experience, list of publications etc) 
and reprints of five of their most im- 
portant publications. 


Application deadline is September 
16, 1985. Submit your application 
and resume to: Dekan der Technisch- 
Naturwissenschaftlichen Fakultät 
der Technischen Universitat Graz, 
Petersgasse 16, A 8010 Graz, 
Austria, where also additional infor- 
mation may be requested. 

(W1891)A 






^ CALIFORNIA 
DEPARTMENT OF PHYSICS 
ENDOWED CHAIR 
PROFESSOR OF PHYSICS 


The UCLA Physics Department has 
an open Endowed Chair position. An 
appointment will be considered in any 
field of experimental or theoretical 
physics. The successful candidate will 
have a regular University of 
California tenured faculty position; 
the endowment income will support 
the candidates! program. 


The successful candidate will be 
expected to lead an internationally 
recognized research program, and to 
teach at the graduate and under- 
graduate level. 


Applicants should send a 
curriculum vitae, a brief statement of 
past, present, and future research 
interests, and the names of 5-10 
referees іо C Kennel, Chair, 
Department of Physics, University of 
California, Los Angeles, CA 90024. 


The department is especially 
interested in identifying women and 
minority candidates. 

The University of California is an 


affirmative action/equal opportunity 
employer. (NW1435)A 




























































UNIVERSITY OF 
SOUTHAMPTON 


CHAIR OF 
OCEANOGRAPHY 


Applications are invited for the Chair 
of Oceanography which will become 
vacant on the retirement of Professor 
H Charnock, FRS, on 30 September 
1986. Applicants should have research 
interests in the physically-related 
marine sciences and the ability to 
foster work in a multi-disciplinary 
field. 


Further details may be obtained 
from the Secretary and Registrar, The 
University, Southampton SO9 5NH, 
to whom applications (10 copies from 
persons in the UK) should be sent 
before 12 July 1985. (6626)A 































































UNIVERSITY OF 
ABERDEEN 


DEPARTMENT OF PHYSIOLOGY 
RESEARCH ASSISTANT 


Applications are invited for the above 
post, tenable for up to three years, to 
work on a project concerned with 
thermal changes in the immersed 
human body. This phase of the work 
is a theoretical study and will involve 
mathematical modelling. Applicants 
should have, or expect to get, a good 
honours degree, ideally with some ex- 
perience of modelling biological 
systems but ability and enthusiasm 
could offset lack of experience. 
Salary within range £6,600 — 
£7,520 оп ihe IB Scale for Research 


and Analogous Staff, with ap- 
propriate placing (scale under review). 



































































Further particulars and application 
forms from The Secretary, The 
University Aberdeen, with whom ap- 
plications (2 copies) should be lodg- 
ed by 28 June 1985. (6622)A 








‘NATIONAL UNIVERSITY 
Applications are invited from 
suitably qualified men and women 
for appointment to the following 
position: 


RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 


DEPARTMENT OF 
DEVELOPMENTAL BIOLOGY 


POSTDOCTORAL FELLOW - 
MOLECULAR ANALYSIS OF 
DEVELOPMENT PROJECT 


A Postdoctoral Fellow is required in 
the Department of Developmental 
Biology for a project on genetic 
analysis of events in the cell cycle of 
Chlamydomonas. A background in 
genetics, biochemistry and ultra- 
structural analysis would be advan- 
tageous. The position will commence 
on 1 January 1986. 


Further particulars can be obtain- 
ed from Professor B Gunning, Head 
of Department (062) 49 2372, or from 
Dr P CL John (address until 31 July 
1985, Department of Botany, 
Queen's University of Belfast, 
Belfast BT7 INN, UK). 


Closing date: 31 July 1985. Ref: BS 
15/5/1. 


Conditions of appointment: Salary 
will be in accordance with quali- 
fications and experience within the 
range: Postdoctoral Fellow $A22,614 
- $25,905 pa. 


Appointment, unless otherwise 
stated, will be: Postdocotral Fellow . : 
normally two years, with the possi- . 
bility of extension to maximum of 
three years. 


Grants are provided towards travel 
and removal. Assistance towards © 
housing is given to an appointee from: 
outside Canberra. Eligible ap- 
pointees will be required to join the 
Superannuation Scheme for 
Australian Universities. Maternity 
leave is available. The University 
reserves the right not to make an ap- 
pointment or to make an appoint- 
ment by invitation at any time. Ap- 
plicants should quote the advertise- 
ment reference when requesting fur- 
ther particulars, and when sub- 
mitting applications, which should be 
sent to the Acting Registrar of the 
University, GPO Box 4, Canberra, - 
ACT 2601, Australia. Further infor- 
mation also available from the 
Secretary General, Association. of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH 0PF. 


The University is an equal оррог- 
tunity employer. (WIAA - 


POSTDOCTORAL 
POSITION 
15 available immediately to study 
functional role of insulin in the brain 
at the cellular level with Drs. D.W. 
Clarke and М.К. Raizada. Ex- 
perience in cell culture and 


biochemical techniques is a 
disirable. Experience with 
immunocyto-chemistry would be 
helpful. Contact Dr. Mohan K 
Raizada, Dept of Physiology. 
3274, Univ of Fla Gvl, FL 32610 
or telephone 904 392-3791. 
(NW1802)A 







































OOD RESEARCH 
"INSTITUTE — BRISTOL 
LANGFORD, 
BRISTOL BS18 7DY 


SCIENTIFIC OFFICER/ 
HIGHER SCIENTIFIC 
OFFICER (85/17) 


ASSISTANT SCIENTIFIC 
OFFICER (85/19) 


SHORT TERM CONTRACTS 
(3 YEARS) 


Applications are invited for 2 short 
term contracts (3 years) to examine 
‚ gaseous forms of preslaughter anaes- 
thesia in pigs and poultry. The project 
is aimed at resolving some of the 
humanitarian problems associated 
with the slaughtering of livestock. 


Salary SO/HSO £5,909 — £10,039. 
ASO £4,456 — £6,315. 


Qualifications SO/HSO (Post 
85/17) Degree in a Biological Science 
“with relevant post-graduate research 

experience. 


ASO (Post 85/19) HNC in Biology. 


Further particulars and an 
application form from the Personnel 
Officer at the above address. 


The Agricultural and Food 
Research Council is an equal 
Opportunities employer. (6649)A 





UNIVERSITY OF GLASGOW 


DEPARTMENTS OF 
BIOCHEMISTRY AND 
PHARMACOLOGY 


WELLCOME LECTURESHIP 
IN MOLECULAR 
PHARMACOLOGY 


Applications are invited for a 
Wellcome Lectureship in Molecular 
Pharmacology to be held jointly in the 
Departments of Biochemistry and 
Pharmacology. The appointment will 
be for three years: it may be renewed 
for a further two years subject to 
satisfactory progress. Applicants 
should not be more than 35 years of 
‘age and persons having a permanent 
University post in the UK are 
ineligible. 

"The successful applicant will con- 
tribute to the teaching in both depart- 
ments and in research will become 
‘part of an active interdepartmental 
group. The departments are in the 
“process of appointing a ‘New Blood’ 
lecturer to the same group. 


The salary will be within the range 
of £7,520 — £14,925 per annum of the 
Lecturer's scale, with placement ac- 
cording to age, qualifications and 
experience. 


Those wishing to be considered 
should send eight copies of à state- 
ment of their qualifications and ex- 
perience, including a list of publica- 
tions and the names and addresses of 
not more than three persons to whom 
reference may be made, to Professor 
(ROM S Smelie, Department of 
Biochemistry, University of Glasgow, 
Glasgow, G12 8QQ, not later than 
21st June; 1985, from whom further 
particulars may be obtained. The ap- 
plications must be accompanied by a 
summiary.of not more than 500 words 
qutining the proposed research. 

(6666) A 








HEINRICH-PETTE- 
INSTITUT FÜR 
EXPERIMENTELLE 
VIROLOGIE UND 
IMMUNOLOGIE 


AN DER UNIVERSITÄT 
HAMBURG 


Applications are invited for the 
Tenure Position of 


HEAD OF DEPARTMENT OF 
MOLECULAR BIOLOGY 


Candidates with extensive scientific 
experience are expected to lead a re- 
search group in the general field of 
molecular biology. Budget and 
tenure positions are available. The 
Heinrich-Pette-Institut is an indepen- 
dent research establishment, active in 
the fields virology, immunology, and 
cell biology. Administrative experi- 
ence and willingness to participate in 
running affairs of the institute are 
required. Teaching at the University 
of Hamburg is on voluntary basis. 
The salary is according to BAT I and 
depends on age and family status. 


Applications including curriculum 
vitae and list of publications should 
be sent: An das Direktorium, 
Heinrich-Pette-Institut, 
MartinistraBe 52, D-2000 Hamburg 
20, Federal Republic of Germany. 
Closing date 31 August 1985. 

(W1892)A 





LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 


(University of London) 
DEPARTMENT OF ENTOMOLOGY 


LECTURER OR 
SENIOR LECTURER 


Applications are invited from 
medical entomologists for a tenured 
post in the Entomology Department. 
Preference will be given to applicants 
combining tropical experience with 
an outstanding record in research, 
preferably in biochemistry, ecology, 
population dynamics, or insect 
behaviour, but experience in any field 
within entomology applied to human 
health will be considered. 


The person appointed will be ex- 
pected to develop active research pro- 
grammes, with overseas connections, 
and the extensive facilities of the Lon- 
don School will be available for this. 


Appointment will carry a salary in 
the range £8,753 to £18,938 (inclusive 
of London Weighting) on the Univer- 
sities’ Lecturer or Senior Lecturer 
scale according to age, qualifications 
eee with membership of 


Further information may be ob- 
tained from Professor A N Clements 
(01-636 8636 ext 348). Applications 
with full curriculum vitae and the 


| names of three referees should be sent 


to the Personnel Officer, London 
School of Hygiene and Tropical 


Medicine, Keppel Street, London 
WCIE 7HT. 
Closing date: 5 July 1985. 
(6635)А 


We are a major Italian pharmaceutical со 
with a growing interest in biotechnolog 
We are looking for an exporianee | 


BIOCHEMIST/ | 
IMMUNOCHEMIST - 


For a newly created laboratory of biochemistry and immuno 
located in the urban area of Milan, Italy. 
Potential candidates should have a doctorate degree and post- -doé 
training. Previous experience in hybridoma technology for diagnos 
purposes would be considered an advantage. 


We Offer: 


— career opportunities based on performance; 
— 8 competitive salary in accordance with experience. ài 


qualifications; 


— a stimulating, dynamic work environment; 
— assistance in relocation expenses. 


Candidates from EEC Countries are encouraged to apply. 


Please contact in confidence: 


P.O. Box 10119 
Personnel Dept. 
20110 Milan, Italy 


INSTITUTE OF OBSTETRICS 
AND GYNAECOLOGY 


(University of London) 
HAMMERSMITH HOSPITAL 
RESEARCH ASSISTANT 


Applications are invited for the post 
of research assistant for up to 3 years 
to work on arachidonic acid 
metabolism in fetal growth retar- 
dation. Candidates should have or 
expect to obtain a Ist class or upper 
2nd class honours degree in 
Biochemistry. The successful appli- 
cant will be expected to register for a 
PhD in London University. 


Further information from and ap- 
plications to Professor M G Elder In- 
stitute of Obstetrics and Gynacology, 
Hammersmith Hospital, Du Cane 
Road, London W120HS. (6633)A 





THE UNIVERSITY OF 
SUSSEX 


SCHOOL OF BIOLOGICAL 
SCIENCES 


BIOCHEMISTRY LABORATORY 


WELLCOME LECTURESHIP 
IN BIOCHEMISTRY 


Applications are invited for the 
Wellcome Lectureship in 
Biochemistry. Applicants should 
have research experience, preferably 
in the area of the biochemistry of 
secretion of polypeptide hormones, 
growth factors or neuropeptides. 
Those holding tenured positions are 
not eligible for consideration, and 
applicants should not normally be 
over 35 years in age. 


Appointments will be for 3 years in 
the first instance, renewzble for a fur- 
ther 2 years, subject to á satisfactory 
review. The salary will be on the 
University Lecturer scale (£7,520 to 
£14,925 pa). 


Send self addressed envelope (6' x 
9°") for further particulars and an ap- 
plication form to Mrs L Vivian, Per- 
sonnel Office, Sussex House, The 
University of Sussex, Falmer, 
Brighton BN1 9RH, Sussex. Closing 
date for applications 10% June 1985. 

(6629)A 









































UNIVERSITY OF BAT! 
SCHOOL OF CHEMISTRY 


POST DOCTORAL 
RESEARCH OFFICER 


Applications are invited. 
Research Officer to work with 
Mann for three years beginnin 
tober 1985 to investigate the stru 
and mechanistic propert 
magnetic solids formed in. bac 
Applicants should have a. stro 
terest in structural inorganic che! 
and have some experience in ele 
microscopy and electron diffras 


Starting salary up to £7, 9 
(under review). 


Application forms from the 
sonnel Officer, University o 
Bath BA2 7AY, quoting re 
85/79. Closing date: мо | 

(661 


UNIVERSITY ОЕ GLASC 


DEPARTMENT OF VETERINA, 
PATHOLOGY 


MOLECULAR VIROLO! 
UNIT 


A molecular virology unit has b 
established to develop novel v 
for the expression of viral antige 
mammalian systems. This uni 
in close collaboration with vir 
and molecular biologists in th 
partment and at the Bea 
Institute. 


Three positions, supported b 
National Institutes of Health 
immediately available. Applicati 
are invited for 2 post-doctoral fello 
(salary range £8,450 to £10,72 
annum) and a research assi 
(£6,600 per annum). The res 
assistant may apply to register: 
higher degree. 


The applicants should have ex 
ence in recombinant DNA t 
logy and a background іт vitol 
would be an advantage. Applicati 
should be sent to, and fu 
particulars may be obtained 
Professor W ЕН Jarrett, FRS, 


d -Mtelephone number 041-942 
230 (6658) 

















RG212XS, UK 
or 








































MOLECULAR BIOLOGIST 
plications for an assistant profes- 


ир are invited from individuals 
major commitment toward re- 
h and whose interests are in the 
ture, regulation or expression of 
гог mammalian, genes, Exper- 
n genetic engineering of 
nology-protein chemistry, an 
. Knowledge of or readiness to 
French essential. Send appli- 
mis to: Dr Pierre Bourgaux, 
"ur, Département de Micro- 
ogie, Faculté de Médecine, 
tre Hospitalier Universitaire, 
ersité de Sherbrooke, Sher- 
; Québec, Canada JIH 5М4. 

(NWI790)A 


CHARING CROSS AND 


(University of London) 

PARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 

ESEARCH ASSISTANT 


quired to investigate the organi- 
nof Campylobacter DNA, par- 
larly the structure and expression 
“toxin genes. Previous experience, 
eferably postdoctoral, in prokary- 
ic molecular genetics and recombi- 
DNA techniques is essential. 
érience with expression vectors is 
sirable. The successful. applicant 
H join a group working on various 
lications of molecular biology to 
ical problems. 


The post is available immediately 
ога fixed term period of up to three 
ears. Salary will be on Scale ТА for 
esearch and Analogous staff, 
7,520 — £12,150 pa) at a- point 
propriate to age and experience 
lus. £1,233 pa London Allowance. 


For further information concern- 
jng the project or the department, 
telephone Dr L Archard, 01-741 
1858. 


| Applications on forms obtainable 
_from The Secretary, Charing Cross 
and Westminster Medical School, 
_ Phe Reynolds Building, St Dunstan’s 
Road, London, W6 8RP, to be 
bmitted within three weeks of the 
ppearance of this advertisement. 

d (6625)A 







BIOTECHNOLOGISTS! 
Whar's going on in the world's fastest- 
growing scientific discipline? 

To find out, send for a sample copy of 


BIOTECHNOLOGY, the Intemational 
Monthly for Biology and Industry, to 


Felicity Parker, Macmillan Journals, 
Houndmills, Basingstoke, Hants. 






Paul Siman, Bio/Technology, 
65 Bleecker St., New York, NY 10012. 


UNIVERSITY OF LONDON 


RANK CHAIR OF 
PHYSIOLOGICAL 


BIOCHEMISTRY TENABLE 


AT IMPERIAL COLLEGE 
OF SCIENCE AND 
TECHNOLOGY 


The Senate invite applications for the 
above Chair, tenable in the Depart- 
ment of Biochemistry at Imperial Col- 


lege of Science and Technology. 


Candidates should 


teaching of 
biochemistry in 
undergraduate courses. 


Applications (10 copies) must be 
received not later than 15 July 1985 
by the Academic Registrar (N.), 
University of London, Malet Street, 
London WCIE 8HU, from whom 
further particulars should first be 


obtained. 
(6631)A 


NEUROENDOCRINE 
RESEARCH GROUP 
DEPARTMENT OF ANATOMY 


UNIVERSITY OF 

CAMBRIDGE 
We are seeking a postdoctoral 
physiological psychologist, or 
relevantly qualified zoologist or 
clinical graduate to join a multi- 
disciplinary research tea investi- 
gating the neuroendocrine basis 
of social behaviour and anxiety in 
an experimental setting. The 
position is funded by the MRC 
and available immediately; the 
initial appointment is for 1 year, 
renewable for up to 5 years in 
total. 


Please send applications lin- 
cluding CV) to Mrs J Penton, 
Department of Anatomy, Uni- 


versity of Cambridge, 
Downing Street, Cambridge 
CB2 3DY by July 1st, and 
arrange for references to be 
sent direct from 2 referees. 
(6686)А 








have 
demonstrated an interest in cellular 
biochemistry and/or control of in- 
tegrated physiological processes. They 
should have significant research ac- 
complishments and an interest in the 
these aspects of 
advanced 


RESEARCH INSTITUTE 
POST-DOCTORAL 
MOLECULAR BIOLOGIST 









Applications are invited for a 3 year 
appointment to work on analysis of 
the genome structure of classical 
swine fever (hog cholera) virus and its 
relationship to bovine virus diar- 
rhoea. The work will involve 
molecular cloning of the genome 
RNA and nucleotide sequence deter- 
mination. The successful applicant 
will work with Dr Charles Penn in the 
Division of Molecular Biology. 
He/she should have a degree in 
biochemistry, microbiology or a 
related subject and a PhD. Ex- 
perience in gene cloning would be an 
advantage. 


The salary will be in the scale of 
£7,435 - £10,039 (Higher Scientific 
Officer grade) pay award pending. 
Sick leave and non-contributory 
superannuation schemes, 22 days an- 
nual leave. Accomodation may be 
available. The AVRI is an equal op- 
portunity employer. 




















Application to include a cur- 
riculum vitae and the names of two 
referees should be sent as soon as 
possible to the Secretary, Animal 
Virus Research Institute, Ash Road, 
Pirbright, Woking Surrey GU24 
ONF., Tel:0483232441. (6640)А 















UNIVERSITY OF 
SHEFFIELD 


DEPARTMENT OF BIOCHEMISTRY 


TEMPORARY 
LECTURESHIP 


A vacancy exists for a Temporary 
Lecturer as a result of Dr J R Burton 
being awarded a five-year Research 
Fellowship by the Lister Institute. 
Candidates with research interests in 
any area of Biochemistry are eligible 
to apply for preference may be given 
to those with experience of 
recombinant-DNA technology or im- 
munology. It is expected that the suc- 
cessful candidates will be appointed 
for a period of three years with the 
possibility of extension for a further 
two years. 













Salary within the range £7,520 — 
£11,675 on the non-clinical lecturers 
salary scale. 






Applications including the names of 
three referees should be sent to the 
Personnel Department (Academic 
Staffing), the University, Sheffield 
S10 2TN by 14 June 85 from whom 
further particulars are available. 
Quote ref: R275/G (6617)A 










UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF PATHOLOGY 
DIVISION OF IMMUNOLOGY 


SCIENTIST 


A Scientist with а post-graduate 
qualification in Biochemistry or 
Organic Chemistry is required to join 
in a project investigating the 
development of immunoassay systems 
using red cell-labelled antibodies. 
Experience in protein chemistry or 
immuno-chemistry desirable. The 
appointment is for two years in the 












VERSITY OF 

ST ANDREWS. 

DEPARTMENT OF BIOCHEMISTRY 
AND MICROBIOLOGY 


RESEARCH ASSISTANT 


Applications are invited for the 
above post, tenable immediately for 
up to two years, to work on the iso- 
lation of cNDA clones for the struc- 
tural glycoprotein present in human 
aorta. A range of microbiological, 
immunological and gene cloning 
techniques will be involved. 
Applicants should have an honours 
degree in an appropriate discipline. 


The appointment is funded by the 
Maitland Ramsay Trust. Starting 
salary within the range £6,600 to 
£7,980 per annum (under review) 
according to age and experience, on 
the 1B scale, plus USS. 


Further information can be 
obtained by writing or by telephone 
from professor Serafini-Fracassini 
(tel 0334-76161, ext 275). 


Applications (2 copies preferably 
in typescript) enclosing a full curricu- 
lum vitae and the names of 2 referees 
should be sent to the Establishments 
Officer, The University, College 
Gate, St Andrews, Fife KY16 9AJ to 
arrive not later than 20 June 1985. 

(6661)A 





UNIVERSITY OF OXFORD 


DEPARTMENT OF NUCLEAR 
PHYSICS 


APPOINTMENT OF 
RESEARCH OFFICER 


The department will shortly appoint 
a Research Officer in Particle 
Physics. Whilst mainly a research ap- 
pointment, the appointee will be re- 
quired to undertake seventy-two 
hours a year of laboratory demon- 
strating and he/she will be encourag- 
ed to give graduate lectures. The 
research programme of the experi- 
mental particle physics group in- 
cludes the Soudan П search for pro- 
ton decay, a major contribution to 
the DELPHI detector for LEP 
(CERN), preparation for an experi- 
ment at HERA (DESY), and 
development of an indium detector 
for solar neutrinos. 


The appointment will be for three 
years with possible extension to five 
years. Salary will be on the Lecture 
scale £7,520 - £15,930 (under review). 


Applications with the names and 
addresses of two referees should be 
sent to Mr M S Gautrey, Department 
of Nuclear Physics, Keble Road, Ox- 
ford from whom further particulars 
may be obtained. The closing date is 
September 5th 1985. 

(6676)A 


first instance, possibilities of an 


extension. 


Enquiries to Professor R R A 
Coombs, Division of Immunology, 
New Adenbrooke's Hospital, Hills 
Road, Cambridge. Tel Cambridge 
0223 245171 ext 336. Age up to 30 


Salary range: University scales age 
related. 


Formal applications together with 
curriculm vitae and the names and 
addresses of two referees to The 
Superintendent, Department of 
Pathology, Tennis Court Road, . 
Cambridge CB2 IQP. (666A 




















LABORATORY 


| e POST-DOCTORAL 
_ RESEARCH ASSOCIATE IN 
.. EXPERIMENTAL X-RAY 
_ DIFFRACTION AT HIGH 
PRESSURES 


Applications are invited for the 
above post, funded by SERC, tenable 
from Ist October 1985, or as soon as 
"possible thereafter, for up to three 
years. 


The successful candidate will be ex- 
pected to pursue research at the Syn- 
chrotron Radiation Source at 
Daresbury into structural changes in 
solids at very high pressures, on the 
newly commissioned Power Diffrac- 
tion Station on the Wiggler beam 
line. The project involves application 
of novel high-resolution powder dif- 
fraction techniques to materials at 
very high pressures, and is backed by 
a major theoretical programme of 
molecular dynamics simulations. 


Applicants should hold a PhD in 
experimental science. Experience 
with X-ray or neutron crystallo- 
graphy, and computing would be an 
advantage. The starting salary will be 
in the range £7,520 to £8,450 accor- 
ding to age and experience. 


Applications, together with a full 
curriculum vitae and the names of 
two. referees to Dr D M Adams, 
Department of Chemistry, Univer- 
sity of Leicester, Leicester LE] 7RH 
by 15th July 1985. (6682)A 


SANDWELL HEALTH 
AUTHORITY 
The Midland Centre for 
Neurosurgery and Neurology 
DEPARTMENT OF PATHOLOGY 


ELECTRON MICROSCOPIST 
in charge of Section 
(Basic/Senior Science Graduate) 


required on a Locum basis (available 
grading up to Senior as defined by 
Whitley Council PTA regulations). 
Well housed department with two 
other staff, two Siemens micro- 
Scopes, several ultramicrotomes. 
Successful applicant will be required 
to continue and develop service in 
Muscle, Central and Periperal Ner- 
vous System Pathology, to Hospital 
and Region. Collaboration with cur- 
rent research projects will be ex- 
pected and there is an excellent op- 
portunity to develop a personal 
research programme on the readily 
available material. 


Intending applicants are welcome 
to visit by appointment with Dr M V 
Salmon (Neuropathologist) - 021-558 
3232 ext 314. 


lób-description and application 
form from the Administrator, 
Midland. Centre for Neurosurgery 
and Neurology, Holly Lane, 
Smethwick, Warley, West Midlands 
B67 7JX. Tel: 021-558 3232 ext 
251. (6677)A 





Cell Biologist/Biochemist/ 
Neurobiologist 
Postdoctoral research position is 
immediately available for PhD 
with experience in cell biology, 
biochemistry, or neurobiology to 
investigate hereditary neuromus- 
cular disorders. Initial research 
will focus on mechanisms of 
regulation of cell growth and the 
developmental expression of sur- 
face proteins in nerve, muscle, 
and related tissues. Applicants 
should have a PhD and experi- 
ence in: cell biology and 
biochemistry; culture of nerve, 
muscle and fibroblasts; im- 
munological methods for the 
study of cell proteins. Extensive 
possibilities exist for collabora- 
tion with expert neuromuscular 
morphologists and with active 
molecular genetics/recombinant 
DNA laboratory. Excellent sup- 
port; salary commensurate with 
experience. Direct inquiries to: 
Dr. Robert H. Brown, Jr., Day 
Neuromuscular Research 
Center, Massachusetts General 



































Hospital Warren 370/374, 
Boston, MA 02114. 
(NW1792)A 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 


ENDOCYTOSIS 


A post-doctoral research assistant is 
required to work on a cell-free assay 
for studying the pathway of adsorp- 
tive endocytosis. The aim is to under- 
stand the molecular basis of this 
process. Preference will be given 
to candidates with training in 
membrane biochemistry and/or 
enzymology. 


This project is funded by the MRC 
and the position is for three years 
commencing Ist January 1986. The 
salary will be in the range £7,520- 
£12,150 per annum. 


Applications, including a cur- 
riculum vitae, research summary and 
the names and addresses of three 
referees, should be sent to the Per- 
sonnel Officer, The University, 
Dundee, DD1 4HN, Scotland as soon 
as possible. Informal enquiries con- 
cerning this project should be 
addressed to Professor Graham 
Warren, who is presently at 
the European Molecular Biology 
Laboratory, Postfach 10 2209, 6900 
Heidelberg, West Germany. Tele 
phone number 010 49 6221 387324. 
Please quote Ref EST/66/85J. 

(6466)A 









RESEARCH 
ASSOCIATE POSITION 


Opportunity exists to work on a 

roject concerned with the 
biochemical mechanisms of hor- 
mone (insulin) action to control 
phosphorylation and redox state. 
Applications are invited from 
qualified candidates with a Ph.D 
or M.D. degree. Submit a resume 
of research interests, curriculum 
vitae and three letters of recom- 
mendation to Dr. Joseph Larner, 
Department of Pharmacology, Box 
448,1 University of Virginia School 
of Medicine, Charlottesville, 
Virginia ue An аш Ас- 
tion/ Equa ortunity Employer. . 

3 i INWI8I2) 







































AGROGEN BIOTECHNOLOGIES 
SENIOR SCIENTISTS — 
PLANT TISSUE CULTURE 


Agrogen Biotechnologies Inc., a Vancouver, BC based Canadia 
company interested in plant tissue culture, micropropagation of woody: 
ornamentals and forest tree species and related biotechnologies is seeking 
Senior Scientists in plant tissue culture to provide project leadership and 
research support to its micropropagation program. : 
The positions require a PhD with a strong background in plant physiology, 
cell biology, genetics or biochemistry with several years research 
experience in plant tissue culture. Agrogen offers the opportunity to join 
an energetic interdisciplinary research team, excellent research facilities, 
competitive salary and fringe benefits. 
Please forward your curriculum vitae and other pertinent 
information in confidence to: Dr. D. Paul Webb, Director of 
Research, Agrogen Biotechnologies, Inc. 1710-1066 West Hastings 



























THE UNITED MEDICAL 
AND DENTAL SCHOOLS 


ST THOMAS'S CAMPUS 


RESEARCH ASSISTANT 
(post-doctoral) 


required to work on project on the 
role of Coxsackie-B Viruses in the 
pathogenesis of insulin-dependent 
diabetes mellitus (type 1). 


Sound virological experience 
essential; experience with such 
techniques as ELISA, monoclonal 
antibody production and PAGE an 
advantage. Funding is being sought 
for one year appointment from 1 
September 1985 in the first instance. 
Salary not less than £7,520 plus 
£1,233 LWA pa (grant application 
pending). 


For further information, contact 
Professor J E Banatvala, Dept of 
Virology, tel: 01 928 9292 ext 2405. 


Applications giving full cv and 
names and addresses of 2 referees to 
Staffing Officer, Dean's Office, St 
Thomas's Hospital Medical School, 
London SE! 7EH by 13 June 1985. 

(6664)А 


UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF GEOLOGY 
POST-DOCTORAL/ 
POST-GRADUATE 
RESEARCH ASSISTANT 
IN SEISMOLOGICAL 
COMPUTING 


To work on the acquisition, digiti- 
sation processing and interpretation 
of the data from an international 
seismic refraction experiment to be 
carried out in Kenya in August 1985. 
The data processing will require the 
development, maintenance and 
operation of Fortran 77 programmes 
on VAX 11/70-8600 system. The 
appointment will be for two years 
from July 1955 with a salary of £6,600 
— £7,055. 


Applications, including a CV and 
the names of two referees, should be 
sent by June 7 to Dr M A Khan, 
Department of Geology, The Univer- 
sity, Leicester LE] 7RH from whom 
further particulars may be obtained. 

(6641)A 


Street, Vancouver, BC V6E 3X2. 














(NW1793)A 






UNIVERSITY COLLEGE 
LONDON 
RESEARCH TECHNICIA! 
Grade 4 
Cell Biology 





Applications are invited for the abovi 
post to assist in the development o 
a new project on the intracellula 
transport of membrane pro 
funded for 3 years by the MRC 


The person selected to join“ 
small friendly group will have: 
interest in research and be qualifi 
to at least HNC standard. Experien 
with tissue culture, cell fractionat 
or protein purification would һе а 
advantage. 


Salary £6,106 — £6,837 + £1,25 
London Weighting. й 













Applications, including CV and thi 
names of 2 referees should be sent t 
Personnel Officer (Technical Staf. 
GE6), University College London 
Gower Street, London WCIE 6BT 

(6651)A 





ROYAL HOLLOWAY AND 


BEDFORD COLLEGES 
RESEARCH ASSISTANT 


Applications are invited from- 
Physicists, Engineers or Applied | 
Mathematicians, to join a team 
engaged in a range of projects өп 
fundamental aspects of Electro--- 
magnetic Antennas for Millimetric- | 
Wavelengths. This project involves ^: 
both theoretical work (using analytical. 
and computational techniques) and. 
supporting experimental studies in one. 
or more of the following areas:- : 


(1) Electromagnetic Theory 
(2) Numerical Control Engineering 
(3) Applied Optics 


Candidates should have an aptitude © 
for research and a good degree ога 
postgraduate qualification in a 
relevant subject. Salary scale £9,863 
— £11,093 (under review). 


Applications (2 copies) with 
curriculum vitae and names апа 
addresses of 2 referees should be sent. 
immediately to the Personnel Officer, ^ 
Royal Holloway and Bedford Сог 
leges, Egham Hill, Egham, Surrey. 
TW20 OEX. (6648)A 2 
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CECUNATURECVOLOHSUMENENY TORS 





€—n 


FACULTY 
POSITION 


The Psychology 
Department of the 
Massachusetts Institute 
of Technology announces 
the opening of a faculty 
tenure-track position in 
neuroscience. Applicants 
with a PhD or equivalent 
degree are sought with 
training and research 
background in mammalian 
brain-morphology and 
function. 


Interested applicants 
should send a letter of 
inquiry with curriculum 
vitae and three references 
by July 31, 1985, to: 


Dr. Peter H. Schiller 
Psychology Department 
Search Committee 
Massachusetts Institute 
of Technology, E25-634 
77 Massachusetts Ave. 
Cambridge, MA 02139. 
Qualified minorities and — 
women are encouraged — 
to apply. MIT is an E 
affirmative action/equal 


opportunity employer. 
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UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF PHYSIOLOGY 


E “WELLCOME LECTURESHIP 


Applications for the above post are 
| invited from candidates in the field of 
ccneuroscience with expertise and in- 
/terest in pursuing research involving 
г the use of an in-vitro brain slice. Can- 
© didates wishing to visit the depart- 
"ment or make provisional enquiries 
should contact Professor A M Sillito 
(0222)-44211 ext 2062. 


Candidates should be less than 35 
: years old and must not currently hold 
a permanent university appointment. 
The post is tenable for five years (sub- 
с ject to a review after three years) and 
zc should commence on the Ist October 
221985, although this date could be 
negotiated for a suitably qualified 
date. Appointment will be made at 
the appropriate point on the lecturer 
scale (scale is £7,520-£14,923). 


Applications (three copies) with 
curriculum vitae, 500 word synopsis 
of the proposed research and the 
names and addresses of three referees 
should be forwarded to the Vice- 
Principal (Administration) and 
Registrar, University Coilege, Р О 
Box 78, Cardiff CFL 1XL from 
whom further particulars тау be ob- 
iined. Closing date 24th June 1985. 

ooo Reference: 2967. (6678)A 






























































Trinity College 


TEMPORARY 
LECTURER IN 
ZOOLOGY 


Applications are invited for the 
above post in the Department of 
zoology, at Trinity College, 
Dublin. The appointment will be 
tenable from 1st October, 1985 
for one year, and may be renewed 
for a further year. Preference will 
be given to candidates having in- 
terests in Invertebrate Reproduct- 
ion. 
Salary: IR £9,302 per annum. 
Application forms and further 
particulars relating to this 
appointment may be obtained 
from. 

Establishment Officer 

Staff Office 


Trinity College, Dublin 2 
Tet: 732841 Ext 1775 
to whom completed application 


forms should be returned by not 
later than Tuesday, 11th June, 
1985. (6638)А 





UNIVERSITY OF ZUERICH 
DEPARTMENT OF PHYSIOLOGY 
A MOLECULAR BIOLOGIST 
is required for a three year postdoc- 
toral position, to work on the 
regulation of mRNA by oxygen 
availability in cultured kidney cells. 
Applicants should have PhD or 
equivalent in Biochemistry /mole- 
cular Biology and a minimum of 
two years of postdoctoral experi- 
ence in these areas. Knowledge in 
cell culture techniques would be an 
advantage. Salalry in range sFr. 
47.000-60.000/yr, depending on 
experience and qualification. The 
position is available now, starting 

date to be agreed. 

Application with the names 
and addresses of two referees 
should be sent to Professor C. 
Bauer, Dept. of Physiology, 
University of Zuerich, Winter- 
thurerstr. 190, 8057 Zuerich, 
Switzerland. 

(W1894)A 





PROFESSOR & HEAD 
Biological Sciences 
Carnegie-Mellon 
University 


The Department of Biological 
Sciences invites applications from 
qualified individuals to serve as 
Professor and Chairperson. We 
seek an individual with an 
established reputation in any field 
of biological research and an abili- 
ty to provide leadership in the con- 
tinuing growth of this department. 
We expect to appoint the suc- 
cessful candidate by 30 June 1986 
or before 


Applications or inquiries 
should be sent to Professor 
W.R. McClure, Chairman, 
Search Committee, Carnegie- 
Mellon University, 4400 Fifth 
Ave., Pittsburgh, PA 15213. 
Carnegie-Mellon University is 
an Equal Opportunity/Affir- 
mative Action Emnlnver. 

PNW 176554 


UNIVERSITY OF DUBLIN 






































CONFERENCES and - 


COURSES 


UNIVERSITY COLLEGE, LONDON: 
SCHOOL OF MEDICINE 


PART TIME COURSE IN 
TOXICOLOGY 


A course in toxicology consisting of lectures and practical classes will 
be given weekly for 30 weeks, on Wednesdays at 15:45-19:00 hrs, 


starting on 2nd October 1985. 


A broad treatment of topics in toxicology will be presented, including 
basic histopathology, biochemical and genetic aspects and 
methodology. Regulatory aspects of toxicology will also be discussed. 
The course is intended (1) for graduates with some experience in a 
relevant field; (2) for postdoctoral and other scientists wishing to 
broaden their knowledge of toxicology. 

The fee for the 30 week course is £600. Numbers will be restricted to a 
maximum of 25 participants. Some assisted places where all or part of 
the course fees are waived are available to suitable applicants whose 
fees are not paid by their employer (e.g. persons working in Universities 
or similar institutions and holding non-tenured posts). Further details 
and application forms may be obtained from: — 


Dr. LC. Shaw 
Toxicology Laboratory 
Department of Clinical Pharmacology 
University College London 
5 University Street 
London WCIE 6JJ, England 
(01) 388-2411 Ext 212 


Closing date for applications — 1st July 1985. 





511 Royal Postgraduate 
ЖЫ Medical School 
(University of London) 
A specialist scheme of 
study for graduates 
in medicine and 
biology leading to 
the award of: 


DIPLOMA in 
ENDOCRINOLOGY 


This is a one academic year, full- 
time, intensive laboratory-based 
training course open to gradu- 
ates in medicine and biology 
who wish to develop skills in 
modern endocrinological investi- 
gative methods. The selected 
applicants, who must be experi- 
enced in light or electron micro- 
scopical morphology, 
biochemistry or a related 
discipline, will undertake a series 
of research projects during their 
training period in recognised 
laboratories within this Medical 
School. Award of the Diploma 
will depend on successful 
completion of an examination or 
by thesis. 

Further details and application 
forms may be obtained by 
writing to: 

The School Office, Royal 
Postgraduete Medical 
School, Hammersmith 
Hospital, Du Cane Road, 
London W12 0HS. 

Completed application forms 
must be received before 31 July 
тоос far ronis : 


" vog ad 
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GRANTS and 
SCHOLARSHIPS 


Research Award 


in 
Immunoregulation 


Centocor, inc., will award a 
$10,000 unrestricted research 
grant for the most outstanding 
human Interferon-Gamma scien- 
tific paper published (or accept- 
ed for publication) between 
1/1/85 and 6/30/86. 


For details, write to Centocor 
customer service. 





(NW1728)H 





WORKSHOP 





ST JOHN'S COLLEGE 
CAMBRIDGE 


a-]-ANTITRYPSIN 

MOLECULES AND 
MEDICINE 

8-11 September 1985 


Guest Chairman Professor 
Laurell Sweden. 


C-B 


An international workshop to 
sumarise progress and define goals in 
research and clinical management. 





Enaniries: Profccsoz ROW Caricu 
St John’s College, Cambridge CB2 
ITP UK. (6477) 


(ATURE ОБ 31S 30 MAY 1985” 
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POSTDOCTORAL 
FELLOWSHIPS 


FELLOWSHIPS 

THE UNIVERSITY OF UNIVERSITY OF 

SHEFFIELD ABERDEEN 
Faculty of Medicine DEPARTMENT OF BIOCHEMISTRY 

JG GRAVES MEDICAL POSTDOCTORAL 
RESEARCH FELLOWSHIP RESEARCH 

Applications are invited for the FELLOWSHIP IN 

ibove Fellowship tenable for a period BIOCHEMISTRY 


if three years from 1 October 1985. 
"he Fellow will be required to under- 
ake full-time medical research in one 
'f the medical or dental departments 
т hospital. Initial salary according 
о qualifications and experience 
‘ithin the range £7,520 — £8,920 a 
ear, a higher salary may be offered 
o a candidate with appropriate 
xperience and seniority. Additional 
unds may be available for the Pro- 
sision of laboratory assistance and 
aaterials. 


Further particulars from the 
'ersonnel. Department (Academic 
taffing), the University, Sheffield 
IQ 2TN to whom applications (10 
opies), including the names and 
ddresses of three referees, 
ndicating the line of research 
roposed), should be made by 17 
une 1985. Quote refs R269/G. 
(6665)E 


UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


upported by the British Gas 
orporation. The work will be 
meerned with ''Development of 
lembranes with Improved Selec- 
уйу?” and will be directed mainly 
wards synthesis of novel polymers 
itable for fabrication into mem- 
ranes showing improved selectivity 
| gaseous diffusion processes 
ymbined with high stability at 
evated temperatures. 


The post will initially be for one 
?ar with a salary of up to £8,920 per 
num depending on age, qualifi- 
ations and experience. Super- 
inuation is under USS conditions. 


Applications are invited in the form 
f a curriculum vitae (3 copies) in- 
uding the names and addresses of 
vo referees, and should be sent to the 
ersonnel Office (JLG), University of 
arrey, Guildford, Surrey GU2 5XH 
i soon as possible, quoting reference 
75, (6646)E 





Please mention 


nature 


when replying to 
these advertisements 
















Cell Culture of Marine Algae 


Applications are invited for a Post- 
Doctoral Research Fellowship fund- 
ed by the University of Aberdeen to 
work with Drs S B Wilson, F B 
Williamson and W F Long. The pro- 
ject will involve the development of 
continuous cultures of marine red 
algal cells primarily to produce 
materials with commerical value. 


The post has initially been funded 
for one year but scope exists to ob- 
tain further financial support giving 
an appointee with flair and imagina- 
tion a chance to share in the longer 
term future of this exciting new field. 
Applicants should preferably have a 
PhD and some experience in cell 
culture. 


Salary on Range IA Scale for 
Research and Analogous Staff up to 
£8,920 per annum, with appropriate 
placing (scale under review). 

Further particulars and application 
forms from The Secretary, The 
University, Aberdeen with whom 
applications (2 copies) should be 
lodged by 30 June 1985. (6668)E 


POSTDOCTORAL 
FELLOWSHIP 


In Molecular Biology/ Biochem- 
istry Position available Sept. 1, 
1985 in Department of Micro- 
biology at SUNY Stony Brook to 
study adeno-associated virus 
genetics, vector construction im- 
munology or DNA replication. 
Send CV and references to Dr. 
Nicholas Muzyczka, University of 
Florida, College of Medicine, Box 
J-266 JHMHC, Gainesville, 
Florida 32610. (NW1797)E 


POSTDOCTORAL 


FELLOWSHIP 
POSITIONS 


Molecular Biology 


Well-established cardiovascular 
research laboratory studying the 
molecular biology of lipoproteins 
and receptors is seeking molecular 
biologists with experience in clon- 
ing and DNA sequencing. 
Candidates with a Ph.D. in 
molecular biology or biochemistry 
are eligible. 
Send curriculum vitae and 
three letters of reference to: 
Personnel, c/o Dr. Brian 
McCarthy, The Gladstone 
Foundation Laboratories for 
Cardiovascular Disease, Univer- 
sity of California, San Fran- 
cisco, P.O. Box 40608, San Fran- 
cisco, CA 94140-0608. 
(NW1803)E 








California Biotechnology Inc. invites applications from recently 
qualified Ph.D.'s to join its postdoctoral research program. CBI | 
is an established biotechnology company located in the Palo 
Alto area forty miles south of San Francisco. The company; 
which has about eighty scientific employees, is dedicated to 
applying the techniques of molecular biology, protein chemistry | 
and cell biology :o develop novel human and veterinary. 
pharmaceuticals. It currently has major research programs in < 
hypertension, atherosclerosis, inflammation, lung disease, 
reproductive biology, growth factors and polypeptide 
hormones. Recent graduates, who have experience in areas. 
such as recombinant DNA technology, protein and peptide $ 
chemistry, cell biology and pharmacology, would join: 
established research teams in one of the above areas. The 
postdoctoral fellowship would for a minimum of two years. 


Please send applications, 


curriculum vitae to: 


ESF PROGRAMME OF 
RESEARCH FELLOWSHIPS 
IN TOXICOLOGY 


Short-term (up to 6 months) and 
Long-term (6-12 months] Research 
Fellowships (deadline: 30 September 
1985) and Short-term (up to 1 month) 
Visiting Fellowships (no deadline) are 
Offered to scientists working in Euro- 
pean countries. No formal condition 


(NW1800)E 


including a complete | 


Dr. John Shine 

Director of Research 
California Biotechnology Inc. 
2450 Bayshore Frontage Road 
Mountain View, CA 94043 





of age, level or field of training, pro- 
vided the project contributes to fur- 
thering research in TOXICOLOGY 
in Europe. Information and applica- 
tion forms can be obtained from: Dr 
John Smith, European Science Foun- 
dation, 1, quai Lezay-Marnésia, 
F-67000 STRASBOURG, France; tel: 
(88) 35 30 63; telex 890440. 
(W1890)E 





EMBO 
European Molecular Biology Organization 
LONG TERM FELLOWSHIPS IN 


MOLECULAR BIOLOGY 
Autumn 1985 — Awards 


Next deadline: 15 August 1985 

EMBO long term post-doctoral fellowships are awarded to promote 
the development of molecular biology and allied research in Europe 
and Israel. To be eligible a candidate must hold a doctorate degree 
and the exchange must involve a laboratory in Western Europe or 
Israel. EMBO fellowskips are not, however, awarded for exchanges 
between laboratories within any one country. Long term fellowships 
are awarded initially ог one year, but depending on a review of 
progress, they may be renewed for a second year. In cases of 
exceptional scientific merit renewal for a third year is possible. The 
fellowship comprises a return travel allowance for the fellow and any 
dependents and a stipend and dependents' allowance. 


Since the selection procedure may include an interview, candidates 
are requested to respect the deadline for complete applications which 
is 15 August 1985. Successful candidates will be notified of their 
awards immediately after the meeting of the selection committee, 


which is on 21 October 1985. 


Application forms end further details may be obtained from 
Dr. J. Tooze, Executive Secretary, European Molecular Biology 
Organization, Postfach 1022.40, 69 Heidelberg 1, F. R. Germany. 





(W1893)E 
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THE POLYTECHNIC OF 
CENTRAL LONDON 


Faculty of Engineering & 
Science 


RESEARCH POSTS IN THE SCHOOL 
OF BIOTECHNOLOGY 


A, GENERAL AND 
MOLECULAR GENETICS OF 
FILAMENTOUS 
MICROORGANISMS 


Post 1. SERC Research Studentship 
Post 2. Research Assistantship 
B, MICROBIAL 
PHYSIOLOGY/ 
BIOCHEMISTRY 


Post. 3 SERC Biotechnology Re- 
search Studentship for a project 
entitled '*Beta-lactum biosynthesis in 
free and immobilized Streptomy- 
cetes. 


Post 4. Research Assistantship — 
candidates should have an interest in 
analytical biochemistry and particu- 
larly HPLC techniques. 


Posts 1, 2 and 3 are tenable for 
three years from Ist October 1985. 
Applicants should hold or expect to 
gain a first or upper second class 
honours degree in a relevant disci- 
pline. The successful candidates will 
be expected to register for a PhD 
iC Degree. 


“Post 4 is available immediately or 
с oas soon as possible and applicants 
г should hold or expect to hold a degree 
oi an appropriate subject and is 
tenable for a minimum of three years. 
Бог suitably qualified and motivated 
candidates there may be an 
с opportunity to register for an M Phil 
“degree. 


с Salaries for posts 1 and 3 will be 
"according to SERC current regulat- 
оп. Salaries for posts 2 and 4 will be 


с according to University Research 


Assistant Scales since the project 
“Extended Use of Biocatalysts’’ is 
- undertaken by PCL jointly with Uni- 
versity of Kent at Canterbury and 
‘University College London under the 
“auspices of the Institute for Biotech- 


- ^nological Studies. The programme is 


financially supported by the Depart- 
ment of Trade and Industry and 
seven major industries. 


Please send a curriculum vitae and 
the names of two referees to the Per- 
sonnel Officer, The Polytechnic of 
Central London, 309 Regent Street, 
London WIR 8AL, as soon as 
possible. 


PCL is an equal opportunities 
(6615)F 





OXFORD UNIVERSITY 


Research Laboratory for 
Archaeology 


RESEARCH STUDENTSHIP 
(SERC) 


for thermoluminescence, laser-based 
optical dating, radiocarbon dating 
using a tandem accelerator or archae- 
omagnetism using a SQUID cryo- 
genic magnetometer. Suitable for 
physicist, chemist or earth scientist 
anticipating good honours degree. 
Details: Dr M J Aitken, FRS. 6 


Keble Road, Oxford ОХІ 3Q1, tele- 
phone (0865) 55211. (6659)F 











UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF NEUROLOGY 

POSTGRADUATE 

RESEARCH 
STUDENTSHIP 


Applications are invited for a research 
studentship tenable in the Muscular 
Dystrophy Group Research 
Laboratories, Newcastle General 
Hospital. The successful applicant will 
read for the degree of PhD. Two 
topics are available. (i) intermediary 
metabolism in skeletal muscle and the 
origin of metabolic myopathies; 
(ii) the use of cytochemical techniques 
to study the molecular differentiation 
of the muscle cell surface during 
development and regeneration of the 
neuromuscular junction. 


Candidates should be qualified in 
an appropriate discipline (bio- 
chemistry, physiology, etc) and should 
possess or expect to obtain a First 
Class or Upper Second Class Honours 
degree. 


Application should be made within 
two weeks of the appearance of this 
advertisement in the form of a cur- 
riculum vitae, and candidates should 
include the names of two academic 
referees. The project for which ap- 
plication is being made should also be 
identified. All correspondence should 
be sent to Professor J B Harris, 
Muscular Dystrophy Group Research 
Laboratories, Newcastle General 
Hospital, Westgate Road, Newcastle 
upon Tyne NE4 6BE, from whom 
further information may be obtained. 

(6643)F 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF GEOGRAPHY 


POSTGRADUATE 
STUDENTSHIP 


Applications are invited for a post- 
graduate studentship to work with Dr 
Ann Henderson-Sellers on Synthesis 
of cloud climatologies. 


This project builds on previous 
work in the department and is a con- 
tributory part of the International 
Satellite Cloud Climatology Project 
(ISCCP). The student will be 
expected to have, or aquire, a sound 
knowledge of meteorology. Much of 
the data analysis is computer-based 
so that previous experience of 
computer programming would be 
useful. The project is funded by a 
grant from the US Air Force and will 
involve the student collaborative 
work with US and European 


| scientists. It is anticipated that 


applicants will hold, or hope to gain, 
at least an upper second class honours 
degreem in physics, mathematics or 
physical geography or a similar 
science subject. 


Applications, together with the 
names of two referees should be 
received not later than 20 June, 1985, 
by The Registrar, The University, PO 
Box 147, Liverpool L69 3BX. Quote 
ref RV/291/N. 

(6620)F 


STUDENTSHIPS 





UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMISTRY 


Applications are invited from 
Chemistry graduates, or those about 
to graduate for the following research 
studentships which will become 
available as from Ist October, 1985. 


(1) А CASE studentship in 
conjunction with ICI Pharmaceuticals 
to study A Thermodynamically-Based 
Scale of Hydrogen Bond Basicities. 
(Dr M H Abraham). 


(22A CASE studentship in 
conjunction with the Imperial Cancer 
Research Fund to study Mechanisms 
of Aromatic Hydroxylations. (Dr J К 
Jones). 


(3) A Ministry of Defence sponsored 
studentship to study Aromatic Amine 
Cure of Epoxy Resins. (Drs G J Buist 
and J R Jones). 


(4)A CASE studentship in 
conjunction with ICI to study The 
Synthesis of Polysulphones from 
Arylsulphonic Acids and РСІ;. 
(Professor J B Rose). 


Interested persons should send their 
curriculum vitae and the names and 
addresses of two referees to Dr J R 
Jones, Chemistry Department, Uni- 
versity of Surrey, Guildford GU2 
5XH, as soon as possible.(6647)F 





GEORGE HENRY LEWES 
STUDENTSHIP 


Applications are invited for this 
Studentship to pursue original in- 
vestigations in Physiology. Appoint- 
ment may be from 1 October 1985 for 
one year with a possibility of renewal 
for up to two further years. The 
award will provide an annual- 
maintenance grant in line with the 
maintenance element of a Research 
Council research studentship; and 
the trustees will pay University and 
College fees for the holder at the rates 
charged to science research students 
from the UK. 


Candidates should by 28 June 1985 
send (a) a statement of their qualifica- 
tions and their need for pecuniary 
help, (b) the subject of their proposed 
research, and (c) the names and ad- 
dresses of two referees, to Professor 
R D Keynes, Physiological 
Laboratory, Downing Street, Cam- 
bridge CB2 3EG, from whom further 
particulars may be obtained. 

(6639)F 





UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF MICROBIOLOGY 


RESEARCH STUDENTSHIP 
IN MOLECULAR BIOLOGY 


Applications are invited from persons 
possessing or expecting to obtain at 
least an Upper Second Class Honours 
degree in a Biological Science. 


The successful applicant will join a 
group involved in the study of 
microbial pathogenesis using 
molecular genetic techniques. 


Further details may be obtained by 
contacting Dr 1 N Clarke on 
Southampton 0703 777222 ext 3853. 
Please quote reference number AJS/ 
85/37/N. (667 DF 





THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF BIOCHEMISTRY 
SERC RESEARCH 
STUDENTSHIP 


Photosensitization of Tumours 


Applications are invited for the 
above studentship, tenable from 
October 1985, to study fundamental 
biochemical aspects of photochemo- 
therapy, a new approach to cancer 
treatment, involving photosensiti- 
zation of tumours by porphyrin- 
containing drugs. 


Candidates should have, or expect 
to obtain, a good Honours degree in 
Biochemistry or an appropriate re- 
lated discipline. 


Further information may be 
obtained from Dr S B Brown, De- 
partment of Biochemistry, Univer- 
sity of Leeds, LS2 9JT (0532 431751 
ext 7500), to whom applications 
(including the names of two referees) 
should be sent. (6663)F 


UNIVERSITY OF 
SHEFFIELD 


DEPARTMENTS OF 
BIOCHEMISTRY AND 
MICROBIOLOGY 


SERC EARMARKED 
STUDENTSHIP FOR 
PROTEIN ENGINEERING 


A studentship is available for three 
years from October 1985 to work for 
a PhD on in vitro mutagenesis of a 
bacterial glutamate dehydrogenase. 
The student would join an inter- 
disciplinary team headed by Professor 
J R Guest (DNA manipulation), Dr 
P C Engel (enzymology) and Dr D W 
Rice (crystallography) but would 
primarily be involved in the DNA 
aspects of the project. 





Applicants should have or expect to 
Obtain a First or Upper, Second Class 
Honours Degree in Biochemistry or 
Microbiology. 


Applicants naming two referees 
should be sent to Dr P C Engel, 
Department of Biochemistry, Univer- 
sity of Sheffield, Western Bank, Shef- 
field 510 2ТМ by 14 June 1985. Quote 
ref: R247/G. (6616)F 





UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF ZOOLOGY AND 
COMPARATIVE ANATOMY 


SERC CASE STUDENTSHIP 


Applications are invited for à SERC 
CASE Studentship to work in col- 
laboration with Dr F Y Liew 
(Wellcome Research Laboratories, 
Beckenham) on the protection poten- 
tial of T cell responses in mice to 
genetically engineered specific HSV 
glycoprotein peptide fragments. 


Applicants should have at least 2.1 
Honours degree in Biochemistry, 
Biology, Immunology or Genetics. 


Applications, together with the 
names of 2 referees should be made 
by 30 June 1985 to Dr W L Chan, 
Dept of Zoology and Comparative 
Anatomy, University College Lon- 
don, Gower Street, London WCIE 
6BT. Tel: (01) 387 7050 ext 428. 

(6675)F 
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UNIVERSITY OF OXFORD UNIVERSITY OF ABERDEEN 


`- DEPARTMENT OF ZOOLOGY 
SERC STUDENTSHIP 


_ Applications are invited for a 3 year 
studentship to work on the structure 
of squid rhodopsin and its role in acti- 
vation of the photoreceptor enzyme 
i;Cascade, using electron microscope 
- image analysis and biochemical 
_ methods. Applicants should have, or 
` expect to obtain, a good Honours 

degree in Biophysics, Biochemistry 
гог related subjects. 


Applications with a curriculum 
гунае and names of 2 referees should 
be sent as soon as possible to Dr H R 

Saibil, Department of Zoology, 
«South Parks Road, Oxford OX1 
3PS, to whom further enquiries may 
Бе made (Tel (0865) 56789 ext 317). 
(6657)F 





; UNIVERSITY OF READING 


SUB DEPARTMENT OF 
HORTICULTURE 


SERC CASE STUDENTSHIP 
~ IN PLANT PHYSIOLOGY 


A Applicants are invited for a CASE 
studentship tenable from 1 October 
1985 to study genetic and environmen- 
tal effects on the physiology and 
biochemistry of pod development in 
cocoa, in collaboration with Cadbury 
Schweppes plc. 


Candidates should possess, or ex- 
pect to obtain, a first or upper second 
class honours degree in Plant 
Sciences, Biochemistry or a closely 
related subject. 


Further details may be obtained 
from Dr P Hadley, Sub Department 
of Horticulture, University of 
Reading, Earley Gate, Reading RG6 
2AU. Applicants should send a cur- 
riculum vitae with the names of two 
referees not later than 10 June 1985, 

(6618)F 





IMPERIAL COLLEGE 
(University of London) 


CENTRE FOR BIOTECHNOLOGY 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited from can- 
didates, preferably with a 
background in molecular biology, 
who hold, or expect to be awarded, 
at least two: one honours in 
biochemistry or biology for SERC 
research studentship. The award is 
for three years commencing October 
1985. The project will involve the 
supression of gene expression in- 
plants by anti-message RNA. 


B : Informal inquiries may be made to 
Doctor Conrad Lichtenstein, Tel: 
(01) 589 S111 Ext 4112/7094. 


Applications (cv and two academic 
referees) should be sent to me no later 
than June 30th 1985. 


To: Centre for Biotechnology, 
imperial College, London SW7 
2AZ. (6690)F 





DEPARTMENTS OF CHEMICAL 
PATHOLOGY AND THERAPEUTICS 
AND CLINICAL PHARMACOLOGY 


POSTGRADUATE 
STUDENTSHIP 


Applications are invited from gradu- 
ates to work on a research project 
involving the use of isolated renal 
proximal tubular cells to investigate 
mechanisms of drug-induced nephro- 
toxicity. Candidates should have a 
good Honours degree in Biochemis- 
try, Pharmacology or a related 
subject. 


The studentship is initially for one 
year and the student will be registered 
for an MSc. Applicants, with a full 
curriculum vitae and the names of 
two academic referees, should be sent 
to Dr P Whiting, Department of 
Chemical Pathology, University 
Medical Buildings, Foresthill, 
Aberdeen AB9 2ZD as soon as possi- 
ble. Further details are avalable from 
Dr Whiting (telephone 0224-681818, 
ext 2822) or Dr G Hawksworth (ext 
2463). (6685)F 





UNIVERSITY OF WARWICK 
DEPARTMENT OF CHEMISTRY 
SERC CASE AWARD 
Solution Chemistry of 
Technetium : Redox and 
Extraction Properties 


Applications are invited from 
graduates or those expecting to 
graduate this Summer with at least a 
class H-I honours degree in chemistry, 
for this studentship. The project, car- 
ried out in collaboration with British 
Nuclear Fuels plc, will be concerned 
with kinetics of chain reaction of 
TcO, — with hydrazine and with the 
co-extraction of Te with UO,?+ ion. 
Normal SERC rates will be sup- 
plemented by £600 pa. 


Further details may be obtained on 
application to the Personnel Office, 
University of Warwick, Coventry 
CV4 7AL. Please quote Ref No 
42/A/85/0O. Closing date for applica- 
tions 21st June 1985. (6672)F 





UNIVERSITY OF GLASGOW 
BIOTECHNOLOGY UNIT 


SERC CASE STUDENTSHIP 
— ICI 


To clone and study expression of 
resistance and production genes from 
Streptomyces for an antibiotic of 
interest to ICI. The project is super- 
vised jointly by Dr I S Hunter 
(Glasgow) and Dr P Groves (ICI, 
Corporate Lab, Runcorn). 


Applicants should have, or expect 
to obtain, a first or upper second class 
honours degree in a related biological 
science. Interviews will be conducted 
towards the end of June. 


Applications (CV and names of 
two referees) should be sent to Dr 1S 
Hunter, institute of Genetics, 
Church Street, Glasgow G11 5JS, 
before June 13th, 1985. (6596)P 


Classified Ө 





AWARDS 


ROSENSTIEL AWARD IN 
OCEANOGRAPHIC SCIENCE 


Nominations are invited for the 1985 Rosenstiel Award in. | 
Oceanographic Science. 

This award, administered on behalf of the Rosenstiel Foundation by the 
Rosenstiel School of Marine and Atmospheric (RSMAS) at the 
University of Miami recognizes outstanding contributions to marine .: 
science, including oceanographically relevant aspects of atmospheric 
Science, and fundamental developments in ocean engineering. The. 
award consists of a cash prize, currently $5,000, and a medal. The 
recipient of the award will be invited to spend a week at RSMAS for 


discussions with faculty and students. The award will be presented at ] 


that time. 

To accumulate the multidisciplinary value of oceanographic science, 
the award recognizes, on a rotating basis, achievements in four broad © 
disciplinary areas. In 1985 the emphasized discipline will be physical | 
oceanography and air-sea interaction. The achievements recognized 
may consist of contributions towards the development of ocean’. 
science in general, or of more focussed individual research of 
recognized impact on our understanding of the marine environment. > 
Nominations for the 1985 award for outstanding achievement її 
physical oceanography or air-sea interaction should be directed to Dean 
Alan Berman, Rosenstiel School of Marine and Atmospheric Science; 
University of Miami, 4600 Rickenbacker Causeway, Miami, Florida 
33149-1098, before August 15, 1985. Nominations should include @ 
brief justification together with relevant reference. The selection panel ..- 
would especially welcome nominations of outstanding younger 
scientists, whose early contributions suggest a continuing role of 
leadership in the field. (NW1796)N 


CONFERENCES and COURSES 


ATTENTION SCIENTISTS 
AND RESEARCHERS 


Posters are now being accepted for 
BIO/TECHNOLOGY's premier conference 


LOOKS TO THE NEXT DECADE 


January 20-22, 1986, Clarion Hotel, 
New Orleans 


You are invited to submit abstracts of work with 
commercial implications to: 


Research Editor 
BIO/TECHNOLOGY Conference 
65 Bleecker Street, New York, NY 10012 


Ideas suitable for support from corporate or venture 
funding are particularly welcome. 


Conference Themes: 

Day 1: The Molecular Biology of Plants & Animals 
Day 2: Commercial Production Processes 

Day 3: Innovations in Pharmaceuticals & immunology 




















ASSOCIATESHIPS 





Wee Associateship 
in Experimental 
Nuclear Physics 


There is a vacancy for an experimental physicist to join the nuclear 
physics group as a Research Associate at the Daresbury Laboratory, an 
establishment of the Science and Engineering Research Council situated in 
the north Cheshire countryside. 

The group is involved in a research programme on the Nuclear 
Structure Facility, a large tandem accelerator which currently is operating 
at up to 20 MV on terminal. 

Currently, the principle areas of study are: direct reactions with light 
and heavy ions, production of exotic nuclei far from stability, nuclei with 
very high angular momentum, nuclear breakup and fragmentation and 
studies of isotope shifts and hyperfine structure using laser-induced 
resonance fluorescence. Experimental equipment includes a Q3D 
magnetic spectrometer, advanced gamma-ray and neutron detection 
apparatus, and a lm diameter scattering chamber An isotope separator 
with an associated dilution refrigerator and a beam line for laser studies has 
recently been brought into full operation, a recoil separator is in an 
advanced commissioning stage, and a heavy-ion polarised source is under 
construction. 

Applicants (male/female) should possess a PhD degree or expect to 
obtain one during 1985. 

An appointment will be made at a salary between £9,977 and £11,220 
per annum depending on age, ability and experience. The post is 
available for a fixed term of three years and is superannuable. 

CLOSING DATE: Sunday 30th June, 1985. 

For further information please write or telephone: 
Dr. 1. Lilley on Warrington (0925) 65000 Ext. 558. 

Application forms may be obtained from and 
should be returned quoting reference DL/912 to: 
The Personnel Officer, 

Science & Engineering Research Council, 
Daresbury Laboratory, Daresbury, 
Warrington, Cheshire, 


WA4 AAD. (66230 


CONGRESS 





INTERNATIONAL SOCIETY OF DEVELOPMENTAL BIOLOGISTS 
Announces the 


TENTH INTERNATIONAL CONGRESS OF ISDB 
“NEW DISCOVERIES AND TECHNOLOGIES” 
AUGUST 4-9, 1985 
The Westin Bonaventure Hotel 
Los Angeles, California, USA 

? РАВТІСІРАМТЅ 
Petar Albersheim, Merton Bernfield, Hans Bode, James Bonner, Jeremy 
Brockes, Donald Brown, Arnold Caplan, Pierre Chambon, Thomas Cline, 
Jonathan Cooke, Gerald Edelman, Robert Edwards, Judah Folkman, 
Scott Fraser, Vernon French, Richard Gardner, Waiter Gehring, Benjamin 
| Geiger, Norton Gilula, Paul Green, Suresh Goel, Clifford Grobstein, 
© Elizabeth Hay, Ross Hodgetts, Ernest Jaworski, Howard Jones, Jr., 
Yoshihiro Kato, Klaus Kratochwil, Elias Lazarides, Nicole Le Dourain, 
Edward Lewis, Anne McLaren, Alberton Monroy, Aron Moscona, Drew 
Noden, Christiane Nüsslein- Volhard, Daphne Osborne, Masukichi Okada, 
Richard Palmiter, Martin Raff, William Rutter, Kenneth Ryan, Gordon 
Sato, Lauri Saxén, Jozef St. Schell, Robert Schimke, Howard 
Schneiderman, David Schubert, Yinghsien Shih, Allan Spradling, 
Timothy Stewart, Masatoshi Takeichi, Jean Paul Thiery, Robert Trelstad, 
Victor Vacquier, Sergei Vassetzky, Stephen Wachtel, Lewis Wolpert, 
Savio Woo, Carl Wood. 
SPECIAL LECTURER: DR. STEPHEN J. GOULD 
"WHAT DEVELOPMENT CAN TEACH ABOUT EVOLUTION" 
OFFICIAL ADDRESS FOR REGISTRATION 
Harold C. Slavkin, Chairperson 1985 
150В ORGANZING COMMITTEE 
University of Southern California 
University Park, GER 314-MC 0191 
Los Angeles, California 90089-0191 
(213) 743-6095 or 743-6585 
(NW1787)0 
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ASSISTANTSHIPS 
THE MIDDLESEX DURHAM UNIVERSITY 
HOSPITAL DEPARTMENT OF PHYSICS 
MEDICAL SCHOOL 


(University of London) 


COURTAULD INSTITUTE OF 
BIOCHEMSITRY 


A POST DOCTORAL 
RESEARCH 
ASSISTANTSHIP IN 
MOLECULAR BIOLOGY 


financed by The Cancer Research 
Campaign is available for work in a 
Molecular Toxicology group 
examining the role of glutathione and 
glutathione transferases in carcino- 
genesis, the cancer cell and cancer 
chemotherapy. The successful appli- 
cant would join several other 
molecular biologists from this group 
who work in association with 
Professor Roger Craig's Medical 
Molecular Biology Unit. The post is 
tenable for three years and the salary 
will be on the 1A scale according to 
age and experience. 


Applications, in writing with | 


curriculum vitae together with the 
names of two referees should be sent 
to: Professor Brian Ketterer, Cancer 
Research Campaign Molecular Toxi- 
cology Group, Courtauld Institute of 
Biochemistry, Middlesex Hospital 
Medical School, London WIP 7PN. 

(6621)Р 





THE SCHOOL ОЕ 
PHARMACY 
University of London 


DEPARTMENT OF 
PHARMACEUTICAL CHEMISTRY 


POSTGRADUATE 
AND POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIPS 
in Chemical and Biological 
NMR Spectroscopy 


Candidates should have shown 
scholarly achievement in chemistry, 
biochemistry, biophysics or phar- 
maceutical chemistry. Research in the 
department includes synthetic and 
medicinal chemistry, peptide and pro- 
tein chemistry, recombinant DNA, 
receptor structure and function, en- 
zyme structure and function, 
metabolism, surface and colloid 
chemistry, electroanalytical chemistry, 
mass spectroscopy, ММК spec- 
light scattering and 
diffusion. 

Emphasis is placed upon applica- 
tions of chemistry and biochemistry 
to the pharmaceutical sciences. 


Salaries offered (Research 
Assistants) range from £6,600 — 
£12,150 pa plus £1,233 pa London 
Allowance. 


Applications, which should include 
the names of two referees and two 
copies of CV should be sent to Per- 
sonnel Officer, The School of Phar- 
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Initial salary £7,520 — £8,920 per 
annum on Range 1А plus 
superannuation. 
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house to rent up to £140 p/wk. Please 
reply urgently Gvr Born, Pharma- 
cology, King’s College, Strand, 
London WC2R 2LS. (6655)S 
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cations through the most influential 
science weekly in the world at a 
special reduced cost of $8 per line. 
(Personal Box Numbers $10.00). 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wtd), 65 Bleecker Street, New York, 
NY 10012. (890)B 
ORGANIC CHEMIST (35) BSc, 
MSc (Medicinal chemistry), PhD 
(synthetic organic chemistry). Three 
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organic synthesis/medicinal chem- 
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No 6683, c/o Nature, 4 Little Essex 
Street, London WC2R 3LF. 
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Only Opti-MEM™ I supports optimal growth with reduced 
fetal bovine serum for a wide variety of mammalian cells. Most 
cells routinely cultured in serum-supplemented medium may be 
directly transferred into Opti-MEM'" I with a minimum of 50% 
reduction in serum. In addition to its versatility, many other 
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cloning efficiency and growth promotion using various l nue M 
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pH, osmolality, endotoxin level and bacterial/fungal sterility. m *320-1985 


Stability. Opti-MEM™ I has a shelf life of six months from 
date of manufacture. 

Ease of preparation. Opti-MEM™ I is ready for use in 
only three steps: add 2-mercaptoethanol (included); mix 
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costly serum needed, it also is less expensive than most other 
reduced serum media. primary 

For more information about Opti-MEM™ I, including perfor - 
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brochure. 
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In N. Y. State (800) 462-2555 In California (408) 988-7611 





EET IL CIS ететт 
ade easy. 
antricon 


\re you concentrating or desalting samples 
ontaining plasmid DNA, restriction 

ragments, viruses, bacteria, proteins, or 
enzymes? 

Are you purifying microvolumes of biological 
luids, cell culture media, or fermentation broths? 


ow you can do it easier than ever 
before—with high recovery and low 
biological loss—using the Centricon 
Disposable Microconcentrator. There's 
othing else like it. 


entricon yields 25—50y concentrate from а 
ml sample by only a 30 to 60 minute spin 

a fixed-angle centrifuge. That's all you 
eed: no special equipment, no awkward 
jrocedures, no apparatus to clean up. 
entricon is fast, simple, efficient. 


all the Toll-Free Hotline: 
00-343-1397 Talk directly to our 
echnical specialist about your application. 
sk about our Applications Monographs, 
bur Applications Source File, and our 

icroseparation Catalog. (In Massachusetts 
br internationally: 617-777-3622.) 


й 


CTUAL SIZE 


micon 


a GRACE company 
y Cherry Hill Drive, Danvers, MA 0192 





eres 
pure water 


27 9, 
УЕА XN 





make-up of non-critical 

E so many routine р 

. Applications 
simpler by Elga. 


> 


| —ACHEMA 85 
HALLGII - 
STANDE13 . 


` — 
a re 


- There are excitingnew products 


around the corner. Products that + 


e from the experts. 
p y.in the picture – 
= ; as close to Elga. 


"could only 


~ 


"Reader Service No.71 


293 батыр овалан 





eaper and - 





nd there's 
ultra 
pure water 


Ti 
purer water 









Atomic Absorption: HPLC: Tissue 7 
Culture etc. Water quality is critical. Я 
TE can you trust? Trust ae. E 






Probably your primary need and the 
area in which Elga ‘wrote the book’ 
ыз? 





other techniques — all from Elga. 


And theres... 





SELGA 


Elga Ltd Lane End High Wycombe 
Bucks England HP14 3JH 
Telephone (0494) 881393 Telex зуе 


\ 


the question is... 


the answer is... 





contact-flow 


About Contact-Flow 


Contact Flow bv , with its main office 
located in Ridderkerk, The Netherlands, 
is one of the leading manufacturers of 
fermentation equipment 

The equipment, is characterized not 
only by the universal possibilities of 
application and standardizations, 
which have been carried through 
consequently, but as much by mutual 
interchangeability of the parts and the 
particularly solid construction, which 
guarantees a long length of life 
Moreover the product range comprises 
an extended series of satellite equip- 
ment as to optimalize efficient applica- 
tion in practice. The equipment of 
Contact Flow bv has been put into 
practice all over the world. We can give 
you detailed information about the 
Contact-Flow products and also about 
our extensive programme of biochemi- 
cal satellite equipment and complete 
fitting-up of laboratories and custom 
made fermentation equipment 
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measurement and control for all fer- 
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stainless steel 


m 


Bench Top Bioreactor 
(6 litre culture volume) 


оч 
The Fermentrol 


Contact-Flow bv 


Noordenweg 2, 2984 AG  Ridderkerk, 
The Netherlands. Tel (+31) 1804/13511 
Telex 20224 ctact nl 





Reader Service No.79 


TM 


«€ 


. nature 





i 
NATURE VOL 315 6 JUNE 1985, 
i 


i 
4 


443 





What will Eureka discover? 


West European governments are warming to the French proposal for a combined venture in high 
technology. The motives are political, but the risks are high. 


THE President of France, M. François Mitterrand, must by now 
be thoroughly exasperated by his European counterparts. 
Throughout the five years of his presidency, M. Mitterrand has 
been preaching the need for European collaboration in high 
technology. Every summit meeting of the heads of the 
industrialized nations has been treated to a homily on the subject, 
and has been met with a blend of incomprehension and scepticism. 
Almost as if to humour the French government, the others agreed 
four years ago to mount several attempts at coordination in 
specific fields, providing a frisson of panic for officials in advance 
of succeeding summit meetings, but which have not yet produced 
much of substance. So why should M. Mitterrand have expected 
more from this year’s summit, at Bonn? Indeed, because the 
proposed collaborative programme, called Eureka, had been 
advertised in advance as an alternative to collaboration by West 
European governments in the US programme of research on 
ballistic missile defences, otherwise known as the Strategic 
Defense Initiative (SDI) or ‘‘star wars’’, he had every reason to 
expect another rebuff. That, indeed, is what happened at Bonn, 


but since then there has emerged a fondness for the brave concept : 


of Eureka that is only partly diminished by the general ignorance 
of what Eureka is supposed to be, how it is to be organized and 
what it may accomplish. For the time being, the working principle 
seems to be that a good idea should not be crabbed simply because 
it is vague. More generously to all concerned, even professionally 
pragmatic governments such as the British now seem to be willing 
to consider what Eureka might have to offer (which has surprised 
the French). 


Eureka 
For fear that Eureka may get out of hand, it is important to be 
clear that government's motives are at best mixed. The idea of 
foreign collaboration in the SDI research programme seems to 
have cropped up first during the British prime minister's visit to 
Washington last December, and to have been a British suggestion 
whose implications were not fully appreciated at the time. Now, 
the US government seems to value collaboration for political 
reasons: governments that agree to collaborate on the research 
are likely to be stauncher allies in resisting the Soviet argument 
that even the research programme is an abomination (which it 
is not). Governments (Britain and West Germany, for example) 
at first attracted to collaboration saw two advantages: the 
opportunity to learn some high technology at no direct cost and 
the opportunity to influence the political decision that may 
eventually have to be made about deployment. They have since 
been given pause by the more careful calculation that legal 
difficulties would restrict the technical benefits they might hope 
to win and that junior partners in such a gigantic enterprise might 
in the end have. very little influence. The French government, 
traditionally suspicious of US influence in Western Europe, is 
consistent in its unwillingness to collaborate. Politically, the 
interested governments should set their faces firmly against 
collaboration in SDI unless they can win terms that will assure 
their independence in the strategic arguments that must lie ahead. 
The more immediate question is whether Eureka is in any way 
the alternative it purports to be. 

Eureka, essentially a French conception, is to some extent an 
exercise in continental (European) chauvinism. It is firmly in the 


tradition of previous French technological initiatives leading to 
the Concorde (an uneconomic supersonic passenger aircraft), the 
European Airbus (a range of successful commercial aircraft), the 
Ariane satellite launcher (probably a success) and Superphénix 
(a prototype fast reactor, still unproven). Although many of these 
and other projects have been (or have seemed) worthwhile in 
themselves, French enthusiasm for them has in part derived from 
the wish to narrow what used to be called the technology gap 
between the United States and Europe (not to mention France). 
It is also worth remembering that some projects with this 
objective, such as the plan in the 1970s to beat off the US 
computer invasion of France, have been costly failures. 


Solutions 

Successful or otherwise, however, these projects have in common 
the circumstance that, from the point of view of Western Europe 
as a whole, they are second-bests. If the European Communities 
were not functioning as an efficient common market, and in the 
process generating the wealth of which Europe is potentially 
capable of generating, the need for the artificial definition of 
projects that will increase industrial company spending on 
research and development would have long since faded away. 
Instead, European companies would be spending from their own 
resources on research and development on a scale commensurate 
with that of their rivals in the United States and Japan — and 
the pace of innovation would presumably be enhanced 
commensurately. Throwing public money at joint projects must 
therefore be counted a stop-gap expedient for encouraging 
industrial development in Europe. Governments will have to 
worry less when there is a common market, but this will come 
about only when the same governments abandon their restraints 
on European competition, especially their failure to follow the 
principle that public purchases of goods and services should be 
open to competition. And for the time being, even (or especially) 
in France, national chauvinism takes precedence over European 
chauvinism. 

Throwing money at Eureka, at least while the project is as ill- 
defined as at present, could be worse than a mere waste of money. 
As so far described, the essential chacteristics of Eureka are that 
it should be a big project and that it should include the principal 
components of the SDI programme — information processing, 
high-powered lasers, particle beam technology, artifical 
intelligence and so on. For the time being; Eureka is a rag-bag 
of technology looking for a goal. No doubt more tangible 
objectives will emerge in the next few weeks. But as there is no 


'reason to expect these to be related to market needs of any kind, 


the obvious risk is that Eureka will be a recipe for diverting 





Biological manuscripts 


Miranda Robertson, Biological Sciences Editor of Nature, is now 
based in the Washington office of Nature. Manuscripts offered 
for publication may be sent, as at present, to either the London 
or the Washington office; with the benefit of good communi- 
cations, the speed with which manuscripts are dealt will be 
independent of the place at which they are received. But authors 
are asked please in future to send four copies of manuscripts 
intended for publication (one for each office and two for referees). 
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European research efforts from the more realistic goals that 
European companies have already set for themselves. Nobody 
will deny that in the course of such a programme of technological 
development, European technology would acquire new skills. 
European politicians are fond of insisting that ‘‘science for its 
own sake” is a waste of resources, which 15 debatable; what they 
forget is that technology, however marvellous, which is not 
harnessed to practical objectives has literally no purpose. 

The lessons for the West European governments lately attracted 
by Eureka are therefore plain. Their first objective should be to 
sweep away the restraints on movement and competition which 
at present make European technology less effective than it might 
be. Second, they should be prepared to back with public money 
only those projects emerging from the discussion of Eureka that 
seem likely to be commercially successful as well as technically 
challenging. Third, they should persuade each other that 
technological chauvinism is not a game worth playing for its own 
sake, but that it may even divert scarce skill for more useful tasks. 
Finally, they should acknowledge among themselves (and tell their 
voters as much) that the technology gap, although not necessarily 
here to stay, cannot by its nature be quickly bridged. Impatience. 
is a dangerous trap. oO 


Fraud prevention 


Only colleagues can judge the value and 


authenticity of a person’s work. 


THERE is much in the belief that the pressure on people to 
publish research articles is part of the explanation for the cases 
of fraud in science that have become notorious in the past few 
years, but too much attention should not be paid to the sugges- 
tions from Los Angeles last week (page 447) that journals could 
do much to help by, for example, stamping out the tendency 
towards the multiple publication of the same data. Quite apart 
from the practical difficulties (identical manuscripts simultaneous- 
ly submitted, for example), better regulation at this stage of the 
publication process amounts merely to the remedy of symptoms, 
not the underlying disease. In any case, if repeated publication 
helps the process of communication, by what test is that by itself 
a crime? Far better that reforms should aim at the abatement 
of the pressure to publish. 

How does the pressure arise? Now that young people’s pro- 
motion prospects in academic life are substantially determined 
by their record in research, it is natural to look for fraudsters 
among the rising stars. And this has partly been confirmed. But 





why, then, have the most conspicuous cases of fraud apparently - 


arisen at some of the most distinguished laboratories? Perhaps 
work done in relative obscurity 1s scrutinized less carefully, while 
it is also possible that the pressure to seem to succeed is all the 
greater the more success there is about. But a further disturbing 
possibility suggested by last week’s discussion in Los Angeles is 
that there may be a symbiotic relationship between those who 
advance their reputations by fraud and much more senior peo- 
ple whose reputations are apparently established. For however 
replete a person’s resume may be with research papers, his pre- 
sent influence may depend to a large extent on being thought still 
active in research. Indeed, the success of a department or a whole 
school in winning research funds from outside may depend on 
its head’s reputation as one who still beavers away in the 
laboratory. 

In the circumstances, it is no great surprise that great men have 
been vulnerable to younger fraudsters. Sadly, these relationships 
are often indistinguishable from those between truly great men 
and younger talented protégés. The remedy is not easily found, 
for one of its components would have to be a mutual recogni- 
tion by the scientific community and those among its leaders who 
have become inactive that it is still possible for an established 
scientist to run a creative laboratory even when his direct con- 
tribution to the work is small. Then, only close colleagues would 
be in a position to distinguish wheat from chaff — which, in any 
case, is the present state of affairs. B 
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Educational yardsticks 


The British government should not attempt to 


measure institutional efficiency. 

THE British government's empty discussion paper on the future 
of British higher education (see Nature 23 May, p.270) has 
predictably been condemned by academics and the organizations 
which represent them, but it is unusual that the chairman of the 
Committee of Vice-Chancellors and Principals, Dr Maurice 
Shock, should have so openly broken with the conventions of 
polite restraint. For academics and even the author of the 
discussion document, the Secretary of State for Education and 
Science, however, the most significant development in the past 
two weeks may be the volume of protest there has been from the 
House of Commons at the emptiness of the policy now made 
public. 

A large part of the trouble of the universities in particular 
during the past five years has come about because they had 
allowed themselves to lose their political friends, once equally 
strong on both sides of the political spectrum. If the opposition 
parties now do no more than recognize that the management of 
higher education in Britain has become a stick with which to beat 
the government, higher education cannot be confident of 
benefiting. 

But there is always a chance that the politicians will once again 
come to recognize the social importance of higher education, 
which is the only long-term guarantor of well-being. 


Calculations 

Meanwhile, universities and others would do well to watch out 
for a little-noticed appendix of the discussion document, which 
purports to be a first tentative attempt to calculate "performance 
indicators” for the objective measurement of efficiency in higher 
education. The idea is that there should be constructed a set of 
numbers measuring such characteristics of higher education as 
the cost of educating people in different kinds of institutions, 
or by means of a course of instruction, and culminating in an 
attempt to quantify the social value of graduates in different 
fields. 

To be fair, the government's document emphasizes that the 
numbers tucked away in last month's appendix must be taken 
with several pinches of salt — but it then goes on to promise (or 
threaten) better numbers in the future. The snag, on the present 
showing, is that the fact that the numbers now published would 
not satisfy the requirements of examiners of beginning-economics 
courses is unlikely to diminish the influence they will have on 
public policy. 

The most obvious defect of the calculations now attempted 15 
that the average costs which are their chief product may be entirely 
misleading. It is not surprising that the average cost of educating 
students in British universities turns out to be higher, subject by 
subject, than in polytechnics, or that a medical degree is more 
expensive than one in engineering (which nevertheless is shown 
to be surprisingly higher than a science degree). But these numbers 
are irrelevant to the economic management of a system of higher 
education already in being, when the practical questions should 
be whether this or that change in the pattern of an institution’ S 
work would yield this or that benefit, and where the use- 
ful answers will be provided in terms of marginal; ¡not average, 
costs. ! 

All this has long since been recognized. In the present condition 
of British higher education, the first implication ofa properly 
conducted study would probably be that there is too much 
educational plant which is under-used, or that the government 
could at this juncture buy a great deal of higher education cheaply, 
if it chose to follow that enlightened course. 

Because there is every likelihood that the British government 
will persist with its economic analysis, and that the results will 
be used for a further shaping of the system as a whole, academics 
(and economists in particular) should do what they can to see 
that the job is done properly and independently. -O 
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Nuclear testing 


NEWS 


Size of Soviet tests 
disputed by geophysicists 


Los Angeles 

US geophysicists made angry accusations 
last week that the US government is 
‘lying’? over estimated yields of Soviet 
underground nuclear tests. Allan Lindh of 
the US Geological Survey said at a sym- 
posium on treaty verification organized by 
the American Association for the Advance- 
ment of Science (AAAS) that geophysicists 
agree there is no evidence that the Soviet 
Union has cheated on the Yield Threshold 
Test Ban Treaty (YTTBT), which places an 
upper limit of 150 kilotons on weapons 
tests. The Department of Defense (DoD) 
was accused of hiding the evidence from 
citizens behind a ‘‘veil of secrecy’’. 

The treaty verification symposium was 
one of the more heated sessions at this 
year’s AAAS meeting, which included 
discussions on several aspects of arms con- 
trol. Sally Horn of DoD repeated President 
Reagan’s charge that the Soviet Union has 
probably exceeded the 150-kiloton limit in 
the YTTBT, which went into effect in 1976. 
Other speakers, notably Colin Gray of the 
National Institute of Public Policy, argued 
that because the Soviets: have cheated on 
“most if not al’ arms treaties (except the 
Nuclear Non-proliferation Treaty), such 
treaties have been ‘‘harmful or irrelevant’’. 

Although much of the information need- 
ed to judge Soviet compliance with arms 
treaties is subject to security classification, 
analyses of seismic records are published 
in the open literature, and have been the 
subject of long-running arguments. The 
dispute centres on the method used to esti- 
mate explosive yields from seismic data, 
and in particular the bias parameter incor- 
porated to take account of the local geology 
of the Soviet test site at Semipalatinsk. 

Yield estimates are derived from body P- 
waves at a frequency of about 1 Hz. The 
relationship between the magnitude of 
an event judged from P-wave amplitude 
and explosive yield has been thoroughly 
investigated at the Nevada Test Site in the 
southwestern United States. According to 
Jack Evernden of the US Geological 
Survey, confirmed data published more 
than 10 years ago (based on comparisons 
with other types of seismic waves) indicate 
that for the Semipalantinsk test site a value 
of 0.4 should be subtracted from magni 
tudes to estimate explosive yield. That 
judgement has recently been confirmed by, 
among others, the Air Force Technical Ap- 
plications Center in Florida, which has а 
primary responsibility for yield estimates. 
Present US government estimates, 
however, use a bias value of only 0.2, 
resulting in yield estimates that are twice 
as high, as with the 0.4 value. Evernden 
says the decision to use a bias of 0.2 was 








“obscure”, and claims there is unanimity 
among geophysicists that the higher value 
is correct. When the higher value is used, 
yield estimates converge on the 150-kiloton 
legal limit. 

The DoD representative at the sym- 
posium was unable to shed any light on the 
matter. She professed unfamiliarity with 
the detailed arguments but admitted there 
was a ''debate" on the question. 

Seismic verification would be a crucial 
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factor in any comprehensive test ban that 
might be negotiated in future; negotiations 
for such a ban were suspended in 1980. 
Evernden, who used to work for DoD, 
publicly rebutted a paper published in 
Science in January this year by Willard 
Hannon of Lawrence Livermore Labora- 
tory, which questioned whether a politically 
plausible detection network could detect 
most low-yield explosions. In Evernden's 
view, almost all test explosions above 1 
kiloton (the limit of military value) can now 
be distinguished from earthquakes by a 
simple network of non-array detection sta- 
tions. Others at the conference argued, 
however, that the lack of progress towards 
a more comprehensive test ban resulted 
from a lack of political will rather than for 
technical reasons. Tim Beardsley 





US research restrictions 


Pentagon prefers export control 


Los Angeles 

THE US Department of Defense (DoD) 
has told the research community that it will 
in future make routine use of export 
regulations to restrict access of foreign 
nationals to scientific data which, while 
not classified, might be of military 
significance. As a result, many scientific 
and technical conference organizers will be 
obliged to put sensitive material in special 
**export-controlled sessions" restricted to 
US nationals and to foreign nationals only 
if validated by their embassies. Participants 
in such sessions must undertake to keep the 
restricted material confidential. 

The new policy was spelled out at a 
meeting of the American Association for 
the Advancement of Science by Dr Sumner 
Benson, substituting for Richard Perle, 
Assistant Secretary for Defense for inter- 
national security policy. In the past, some 
technical societies have voluntarily 
restricted access to conferences for fear of 
violating arms traffic regulations: the new 
policy, by giving control to DoD, will make 
such voluntary censorship unnecessary. 

Export controls will be used only for 
scientific data that are not considered ‘‘fun- 
damental’’. According to a DoD policy in- 
stituted last year by Richard DeLauer, then 
Under-Secretary of Defense for research 
and engineering, ‘‘fundamental’’ research 
on university campuses is controlled only 
by use of security classification. 

The new policy outlined by Benson 
would implement authority in the 1984 
DoD Authorization Act allowing DoD to 
restrict unclassified data with military or 
space applications. That authority was 
granted because of concern that the 
Freedom of Information Act might allow 
the Soviet Union access to sensitive research 
results, because data released under the 
Freedom of Information Act cannot be 
controlled by export regulations. 

Benson's announcement clears up much 
of the confusion that has been rife since 
DoD enacted export-controlled sessions at 





an April meeting of the Society of Photo- 
Optical Instrumentation Engineers in 
Virginia. Then, it was unclear whether such 
sessions would become commonplace, but 
at at a recent private meeting, organized by 
the Institute of Electrical and Electronic 
Engineers DoD apparently declared itself 
happy with the formula. It remains to be 
seen whether learned societies will be hap- 
py to accept export-controlled sessions as 
a matter of course. 

The new policy is a further development 
in the administration's continuing efforts 
to restrict access to sensitive technology. 
Benson said that reliance on security classi- 
fication would be expensive and cumber- 
some but that export-controlled sessions 
would be more predictable and flexible, 
while allowing maximum access to 
restricted information consistent with nat- 
ional security. Benson said that the new ar- 
rangements would also have the advantage 
of not penalizing researchers at institutions 


' which have set their faces against classified 


research on-campus. 

The export regulations to which DoD is 
appealing are themselves being revised. 
According to the latest draft, information 
resulting from research contracts which em- 
body restraints on free publication — even 
non-military contracts — would require a 
vahdated export licence to be transmitted 
to foreign nationals. 

Boyd McKelvain of General Electric Co. 
made a strong plea at last week's meeting 
for moderation in the use of export regula- 
tions. McKelvain said he was unaware of 
any cost/benefit analysis supporting fur- 
ther restriction of data flowing to friendly 
nations, and warned that industrial 
laboratory managers are concluding that 
they will be forced to avoid employing 
foreign nationals. In McKelvain's view, 
unilateral action by the United States to 
prevent access by foreign nationals to US 
research could backfire and lead to 
reprisals, causing economic damage to US 
industry. Tim Beardsley 
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Favourable noises for Eureka 


EUREKA, the French project for a Euro- 
pean alternative to the American ''star 
wars" or Strategic Defense Initiative (SDI) 
programme, seems to be in a much better 
state — politically speaking — than it was 
a few weeks ago. Or so French sources are 
making out, now that the British foreign 
munister, Sir Geoffrey Howe, has indicated 
to his French counterpart M. Roland 
Dumas that he favours Eureka, despite in- 
itial British reticence. 

The new British position seems to be that 
a variable-geometry, high-technology 
European programme, run by what the 
French describe as a “‘light’’ administration 
that would include the European Commis- 
sion but not be controlled by it, could well 
be effective. Sir Geoffrey, it is believed, 
would like Eureka to concentrate on the 
*coordinated exploitation’? of basic 
research. This is a logical insistence, as it 
is exactly what Britain alone has for long 
failed to achieve. 


In vitro fertilization 


Travemünde 

MOST participants at this year's meeting of 
West German physicians (Deutscher Arz- 
tetag) believe that the absence of legal 
guidelines in modern reproductive medicine 
should be made good by their own in- 
itiative. Fertilizations outside the mother's 
womb now occur іп а ‘‘legal vacuum”. 

The physicians resolved to adopt pro- 
fessional rules (Richtlinien) to decide bet- 
ween correct and incorrect behaviour. 
Their unanimous opinion was that such 
rules should not be left solely to politicians 
and lawyers. Although it was also clear that 
many physicians have no wish to play a 
decisive role in in vitro fertilization, their 
demand was refused that there should be 
a stop to the programme until the inherent 
complications are understood. 

The final communique was described by 
some as a presumptuous attempt by physi- 
cians to force their morals on the rest of 
society, particularly the restriction of the 
new technology to married couples. 

Supporters of the restriction, however, 
hold that marriage and the family are the 
more relevant legal and ethical values, and 
that exceptions should be allowed only on 
the recommendation of a specially found- 
ed commission. Both sides agreed that the 
“‘rent-a-mother’’ (Leihmutter) concept is 
unacceptable, if only because of the risks 
of commercialization. 

The physicians have taken this 
initiative now because the federal govern- 
ment is as slow and indecisive in this con- 
text as in that of recombinant DNA 
technology. One aim of the meeting was to 
put pressure on the government to clarify 
the legal position so that physicians are not 
left to decide alone. Jurgen Neffe 














However, while Paris is now happy with 
London’s support, and while admini- 
strations in many European states are now 
behind Eureka, contradictory statements 
and confusions about the project still 
abound, both between nations and between 
senior ministers of single nations, and par- 
ticularly between France and Germany. 
Originally, German Chancellor Helmut 
Kohl had embraced SDI research in col- 
laboration with the United States while 
French President Frangois Mitterrand had 
rejected it, describing it as mere ‘‘sub- 
contracting" and fearing a drain of 
technology and brains to the United States. 
But two weeks ago the West German 
foreign minister Herr Hans-Dietrich 
Genscher had visited the French capital and 
expressed doubts about star wars and en- 
thusiasm for the Eureka project. Hopes 
were high for an agreement of last week's 
summit meeting between Kohl and Mitter- 
rand at Lake Constance in Bavaria. In the 
event Kohl refused to abandon his support 
for SDI research, and failed to give any 
explicit backing to Eureka. 

Afterwards, Le Monde, normally 
France's most respectable newspaper, laun- 
ched an extraordinary front-page, and ap- 
parently polítically inspired, attack on 
Kohl, describing him as provincial and vac- 
cillating, and complaining that deep issues 
went completely over his head. But Mitter- 
rand on Friday lowered the temperature 
greatly by describing Eureka as ‘‘a Franco- 
German idea", by claiming that it was of 
“vital necessity for West Germany” and 
that Germany agreed with this. Thus the 
waters muddy, and the true Eureka is hard 
to find. 

At least the French view is becoming 
sharper. For example, M. Hubert Curien, 
the research minister, has now clearly con- 
fined M. Mitterrand’s “поп”? to star wars 
to government actions and government 
support, and left industry free to decide for 
itself whether SDI involvement would pay. 
In practice, then, as countries that have said 
**yes" or ''ja" are unlikely to be en- 
thusiastic about SDI research if it involves 
the spending of large amounts of govern- 
ment money (unless that government is 
American), there may be little difference 
between the French and other positions. 

In further clarification, Curien last week 
made the longest public statement yet on 
the precise nature of Eureka. He claimed 
it was well received in Rome, Copenhagen 
and Berne as well as in London (and Bonn), 
and promised the first “опе or two" real 
programmes by the end of the summer. He 
was at pains to emphasize the need for in- 
dustrial involvement in defining pro- 
gramme content and objectives, and said 
that such consultations were well under 
way. As to what the programmes will be, 
Curien remained curiously silent. 

Robert Walgate 








European defence programme 


Ambitions of 
Heriot-Watt 


WHILE European governments consider 
how to respond to American Secretary of 
State Casper Weinberger's invitation to join 
in star wars — otherwise the Stategic 
Defense Initiative (or SDI) — research, the 
SDI organization in Washington is not let- 
ting any grass grow under its feet. Last 
week, an SDI representative in England 
visited Europe's leading laboratory in op- 
tical computing at Heriot-Watt University 
in Edinburgh, and all but made an offer of 
a $150,000 grant, with a promise of several 
times that amount to come. In return Pro- 
fessor S. Desmond Smith and his team, who 
lead an eight-university European group 
created by the European Commission in 
Brussels to design the first all-optical com- 
puter, will join an American network work- 
ing for SDI. , 

The Heriot-Watt group leads the world 
in this technology. In the past few months 
Smith and colleagues were able to 
demonstrate the first thee-element loop of 
optical switches operating at visible 
wavelengths at room temperature. This 
shows that ‘‘an indefinite extension of op- 
tical logic circuits is possible" said Professor 
Smith on Monday. Optical computing may 
offer not only speed but also enormous 
parallel processing capability, and is of 
much interest to SDI proponents, as it might 
make possible the rapid computations need- 
ed to identify, track and destroy multiple 
targets. 

Is this the kind of loss of European high 
technology to the United States that the 
French had in mind in putting forward the 
Eureka programme? Not quite. “т here 
to build Europe", says Smith, “апа if this 
grant is not going to help them I'm not go- 
ing to use it”. 

For Smith, the lesson of this first SDI 
grant in Europe, which he described as 
“peanuts”? compared with his collabora- 
tion's existing £2 million from British 
and European sources over the next three 
years, is that the US Department of Defense 
seems to spend not just for defence, but for 
the whole of American industry. This is 
exactly how US industry get into new 
technology so fast, Smith feels. By contrast, 
in seeking UK support to build prototypes 
of a working optical parallel processing 
system, Smith is finding that his require- 
ment falls neatly between the Department 
of Education and Science, the Department 
of Trade and Industry and the Ministry of 
Defence. But in an exchange of letters with 
the Prime Minister, her chief scientific 
adviser, Sir Robin Nicholson, and others, 
Smith finds there is considerable support 
for an improvement in interdepartmental 
cooperation. Meanwhile, he is keeping 
closely in touch with the British government 
about the American approaches. 

Robert Walgate 
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Research fraud 


New ways of shading truth 


Los Angeles 

PRESSURE to publish and a lingering ‘‘pre- 
med syndrome" among medical researchers 
contribute not only to the relatively rare 
cases of outright scientific fakery, but also 
to various much more frequent abuses of 
scientific publication, according to medical 
researchers and journal editors speaking at 
the annual meeting of the American 
Association foi the Advancement of 
Science. 

Dr Edward Huth, editor of Annals of 
Internal Medicine, said that journals and 
scientific societies should consider adopting 
a precise definition of authorship to pre- 
vent one of the most frequent abuses, 
“false authorship’’. Other common abuses 
that he had encountered were the practice 
of slicing one study into a series — ‘‘salami 
science” — and repetitive publication. 

Huth said false authorship usually occurs 
when a department chairman, laboratory 
technician or anyone not directly respon- 
sible for the intellectual content of the 
paper is listed as an author. Huth told of 
a case in which a researcher learned only 
by accident that his name had been includ- 
ed among the authors of a paper submit- 
ted to the Annals. While the researcher had 
provided some technical advice to the main 
author, at another institution, he had con- 
tributed neither to the design of the experi- 
ment nor to its execution, and had not even 
seen the final paper or any drafts. In fact, 
he had specifically declined an offer to be 
listed as an author. 

Another common deception is statistical 
manipulation of data. Dr John Bailar, a 
statistical consultant to the New England 
Journal of Medicine, said that the 
deliberate misuse of statistics should be part 
of an ‘‘expanded definition of fraud”. In- 
appropriate statistical tests have often been 
used to exaggerate the significance of the 
results presented. In some cases, authors 
seem to have tried several statistical tests, 
reporting only that which gives the best 
results. Hypotheses suggested by the data 
are often reported with P-values, which 
have meaning only for hypotheses for- 
mulated independently of data. 

Huth suggested several steps that could 
be taken to curtail these abuses, which, he 
said, because of their ‘‘frequency and ubi- 
quity’’, make them ‘‘more worth our at- 
tention than fakery”. Although little can 
be done to prevent ''salami science", 
repetitive publication could be checked by 
specifically asking reviewers to bring prior 
publications of the same niaterial to the at- 
tention of editors. 

False authorship may be more difficult 
to eliminate. The Annals requires each 
author to sign a form acknowledging that 
he has seen the final version of the paper 
and agrees to its publication. The short- 
comings of even this approach were reveal- 
ed by the case Huth mentioned above: the 








eight signatures on the forms bore a strik- 
ing similarity. 

Dr Robert Petersdorf, dean of medicine 
and vice-chancellor for health sciences at 
the University of California at San Diego, 
suggested that the problem lies deeper. 
Science has become ‘‘too big, too com- 
petitive, too entrepreneurial, too bent on 
‘winning’ ". Federal research grants to 
medical schools have grown from $436 
million in 1960 to $2,351 million in 1981, 
increasing proportionately much faster 
than enrolment. 

Petersdorf said that the ‘‘pre-med syn- 
drome" of intense competition and resorts 
to cheating carries through to competition 
for grants and for tenure, ‘‘eroding the 
moral fibre’’ of physicians. 

The deputy editor of the New England 
Journal of Medicine, Dr Marcia Angell, 
suggested that grant-making agencies and 
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tenure committees could help eliminate 
these abuses at source by refusing to con- 
sider more than the three articles a candi- 
date considers to be his best in a given year. 
Whether pressures to publish are respon- 
sible for the more serious cases of fraud re- 
mains unknown. Patricia Woolf, at the 
sociology department at Princeton Univer- 
sity, noted that the number of papers pub- 
lished per scientist per year has changed lit- 
tle but in one group she has studied in detail 
(chemists), the number of ‘‘super-prod- 
uctive’’ researchers has clearly grown. 
The National Institutes of Health (NIH), 
which investigates cases of fraud involving 
federal research grants, say that they 
receive about two reports a month of fraud 
or scientific misconduct, a minute fraction 
out of the 20,000 research projects active 
on any given day. Dr William Raub, deputy 
director for extramural research and train- 
ing, said that NIH will nonetheless issue 
rules this summer requiring institutions that 
receive federal funds to report any cases of 
suspected fraud. Stephen Budiansky 


Sky-high insurance unfair 


ARIANESPACE, the largely French com- 
pany that now runs Europe's Ariane space 
launcher on something approaching a com- 
mercial basis, is fed up with the huge in- 
surance premiums that are being asked of 
satellite makers for launch on Ariane. Ac- 
cording to M. Frédéric d'Allest, president 
of Arianespace, his company is being forc- 
ed to pay for the losses made by insurers 
of the ill-fated Palapa B-2 and Westar-6 
satellites, mis-launched from and then 
recovered the US space shuttle, and for re- 
cent failure of Syncom IV-3 and the earlier 
TDRS-A, also both shuttle-launched. In- 
surance premiums are now so high, 20 per 
cent of the capital cost of Arabsat, recent- 
ly launched by Ariane, for example, that 
the growth of the satellite communications 
business itself is under threat. 
According to Arianespace officials, 
before the shuttle setbacks premiums were 
set at around 6 per cent for a shuttle launch 
and 9-11 cent for Ariane. This was after 
Ariane had suffered two early failures, and 
reflected a feeling among the insurers that 
because the shuttle was manned, there 
should be less risk of uncorrectable trou- 
ble with a shuttle launch. But this did not 
take into account the large, multi-million 
dollar booster rockets needed by shuttle- 
launched satellites to take them from the 
low orbit of the shuttle up to geostationary 
heights, says Arianespace. This is the 
technology in which the shuttle has faced 
difficulties, while Ariane, which launches 
into an elliptical ‘‘geostationary transfer" 
orbit from which only a small ‘‘apogee 
motor” is needed to reach geostationary or- 
bit, has gone from strength to strength. 
Ariane has now successfully launched 13 
commercial satellites in its last eight flights, 
and it 1s time the insurers recognized the 














fact, says d’Allest. 

But the insurance companies are reckon- 
ed to have lost almost $200 million on 
Palapa and Westar alone, despite their 
recovery, and another $85 million for Syn- 
com, and they are fighting shy. Premiums 
are now around 18 per cent, with higher 
figures for those the companies think can 
pay, such as the Arabs. The premiums are 
the same for the shuttle and for Ariane, 
claims Arianespace, and they come as a 
package, making no distinction between the 
launch to first orbit (which the shuttle has 
accomplished perfectly) and the boost 
phase. M. Deschamps, director-general of 
Arianespace, would like the insurers to 
make a distinction by charging the same to 
Ariane and the shuttle for the first injec- 
tion, and then more to shuttle customers 
for the boost, thus reflecting the apparently 
higher risk. At present the terms are ‘‘a 
brake” on growth, says Deschamps. 

And Arianespace is certainly looking for 
growth, with 25 future satellites in the 
queue, an order book totalling FF 6,500 
million (£600 million), a second launch pad 
at the launch site in Kourou, French 
Guiana, nearing completion and a third 
planned, apart from French space agency 
work on advanced and more powerful 
forms of Ariane, including a mini-shuttle, 
Hermes. And while President Reagan is at- 
tempting to shift more of the real costs of 
shuttle launches onto the customers, rais- 
ing launch fees, Arianespace is planning to 
follow suit to raise profits, but not so much 
as to threaten the 30 per cent of the world 
market for satellite launchers the company 
hopes to be taking from 1987 on. Here is 
one field in which Europe feels at last that, 
for the time, it is holding one or two trump 
cards. Robert Walgate 
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NEWS 


Computing facilities for EMBL 


Brussels 

PLANS to expand databank services, in- 
crease in-house and collaborative research 
and improve access by researchers to soft- 
ware and data at the European Molecular 
Biology Laboratory (EMBL) in Heidelberg 
have been given a first airing. 

The idea for a European biocomputing 
facility, which would give the laboratory 
a greater coordinating role in Europe, was 
proposed by its director, Lennart Philip- 
son, and was welcomed by scientists and 
science policy advisers, not only from 
Europe but also from the United States and 
Japan at a meeting to discuss developments 
in biosequencing in Italy last month. 

EMBL’s biocomputing programme in- 
volves the development and application of 
computing methods and a large-scale public 
nucleotide sequence databank, set up in 
1981, which exchanges information 
regularly with the Los Alamos databank in 
the United States. The preliminary pro- 
posal outlined by Philipson would mean an 
overall expansion of computer operations 
and the setting up of a software library to 


enable remote users from all over Europe. 


to screen data at EMBL, and to download 
them, together with the software, for local 
analysis. A data library is also envisaged 
which would collaborate with other data- 
banks to supply protein, microbiological 
and gene-mapping data. The aim is not, 


US research support 


Defence money 


Los Angeles 

UNIVERSITIES in the United States are in 
for a disappointment if they expect to reap 
a windfall from a new Department of 
Defense (DoD) initiative to support 
academic research. The ‘‘University 
Research Initiative” proposed in this year’s 
Pentagon budget 15 , in fact, largely a sym- 
bolic step even in the eyes of Pentagon 
research chief Leo Young; Young's pre- 
decessor, George Gamota of the University 
of Michigan, speaking at the meeting of the 
American Association for the Advance- 
ment of Science, noted that when DoD 
began a similar programme to support uni- 
versity instrumentation three years ago, 
expectations ran so high that the $30 
million a year programmes received $600 
million worth of proposals. 

Young said that the new initiative would 
help to overcome a **perception" problem 
dating from the passage of the so-called 
Mansfield amendment in the late 1960s. 
This rider on the defence appropriations 
bill requires all DoD to research support 
the mission of the agency, and has often 
been blamed for dwindling DoD support 


of basic research in the 1960s and 1970s апа. 


for continuing to prevent DoD from enter- 
ing into a closer partnership with univer- 











however, to centralize all remote user com- 
putation but to act as a source of data and 
portable software for remote users. Com- 
putation would be mainly on a query and 
search basis, with EMBL providing a pack- 
age of utility programmes for data screen- 
ing, searching and manipulation. A soft- 
ware and data link-up with large national 
centres could also occur. 

The facility would also carry out se- 
quence analysis, developing methods and 
algorithms to interpret nucleic acid and 
protein sequences, basic research in the 
field of protein folding and engineering, 
modelling of proteins, protein-nucleic acid 
interactions and other more complex struc- 
tures, biological graphics, 1mage analysis 
and the development and maintenance of 
a user-oriented system and database for the 
analysis of two-dimensional electrophore- 
sis. Finally, the facility could constitute a 
forum both for research and for the elab- 
oration of software policy. 

The expansion would require EMBL to 
increase staff and invest in more high-level 
hardware. The laboratory already has plans 
to install a VAX 8600 cluster core by the 
end of this year to which further VAX com- 
puters could easily be added. The added 
functions would, says Philipson, require an 
extension of hardware. Preliminary est- 
imated costing of the proposal puts capital 
expenditure at DM 7.3 million and annual 


no panacea 


sities. Gamota, however, believes that the 
amendment has been used as an excuse 
within the Pentagon for not increasing 
basic research funds — particularly by those 
who wish to see other programmes funded. 

The new initiative would provide $25 
million, evenly divided between the Army, 
Air Force and Navy research offices and 
the Defense Advanced Research Projects 
Agency, for graduate fellowships, instru- 
ment purchase and young investigator 
awards. The House Armed Services Com- 
mittee has recommended increasing that 
figure to $200 million, but the Senate has 
approved the lower figure. The Pentagon 
1s proposing a total basic research budget 
for next year of $971 million. Historically, 
about one-half to two-thirds of that money 
goes to universities. 

Existing programmes that support some 
300 graduate fellowships, as well as the $30 
million a year instrumentation programme, 
would continue even without the new in- 
itiative — and despite the Mansfield 
amendment. Young noted that the current 
version of the amendment provides a wide 
loophole by allowing research with a 
**potential" for supporting the Pentagon’s 
mission ‘‘in the opinion of the Secretary of 
Defense". Stephen Budiansky 








operating expenses at DM 3.2 million. 

According to Philipson, the needs could 
be covered by a 10 per cent increase in the 
current budget. At present the 12 to 14 
countries participating in the laboratory 
(including non-BEC countries such as 
Sweden, Finland and Israel) contribute a 
total of DM 38 million to EMBL's annual 
budget of DM 45 million. 

Extra funds for space and hardware 
increases could be found in two ways: by 


' contracts involving some of the interested 


countries or from the European Commu- 
nity, says Philipson. While some countries 
need and welcome European cooperation 


in this field, others, such as the United © 


Kingdom, have been less keen to contri- 
bute in the past, preferring to build up acti- 
vities on a national level. Whether the ven- 
ture will be taken up in the laboratory's 
second scientific programme, which will 
run from 1987, will depend very much 
on several meetings that have been plann- 
ed by EMBL's Scientific Advisory Com- 
mittee and, ultimately, the EMBL Coun- 
cil. The next meeting of the advisory com- 
mittee is scheduled for three weeks’ time. 

Anna Lubinska 


Soviet pay rises 
SOVIET scientists, designers and 'pro- 
duction engineers will from next year 


Teceive higher wages and more generous 


bonuses. But the resolution of the Com- 
munity Party Central Committee, the 
USSR Council of Ministers and the All- 
Union Trade Union Confederation, which 
established the new pay scales in mid-May, 
made it clear that the purpose of the reform 
is to reduce the time spent in research and 
development, and in the implementation of 
new technologies, the endemic bottle-neck 
of Soviet civil industry. 

Under the new scheme, managers of 
enterprises and organizations will be em- 
powered to pay supplementary salaries and 
bonuses to persons responsible for 
“creative contributions" to new tech- 
nology. Bonuses will be more closely link- 
ed to the “economic benefit" produced by 
the new technologies, and several measures 
have been proposed to improve the system 
of granting ''author's certificates" (the 
Soviet equivalent of patents) and of mak- 
ing the attendant payments to scientists and 
technologists. Proposals to establish two 
new honorific titles: ‘‘Meritorious 
Designer" and ''Meritorious Production 
Engineer’’, were also approved. 

Although the new pay system seems to 
be aimed initially at applied scientists and 
technologists, it will almost certainly pro- 
duce some spin-off for those working in 
basic research. During the past decade, 
there has been increasing emphasis on the 
need to strengthen links between academic 
research and production, and on the coor- 
dinating role of the Academy of Sciences 
in ensuring that research results are quick- 
ly implemented. Vera Rich 
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University of California 


NEWS 


Oil disquiet at Santa Barbara 


Los Angeles 
THE University of California at Santa Bar- 
bara (UCSB) is about to build 65 new fac- 
ulty houses with spectacular views of the 
Pacific Ocean, nearby beachfront and 
modern conveniences, all within walking 
distance of campus. But university officials 
are worried that professors attracted to 
their seaside campus might be disap- 
pointed. The reason is that UCSB has rich 
oil deposits in its front yard. An oil com- 
pany plans to erect two giant drilling plat- 
forms in shallow water only a mile and a 
half away from campus and from the new 
faculty housing. And it is not just the view 
that is being threatened: the university's 
marine scientists fear that a marine study- 
preserve in the waters off campus could be 
harmed by the mud produced in drilling. 
UCSB chancellor Robert A Huttenback 
seems reconciled to development of some 
kind, but says that the way it is done may 
be crucial. *'If the air gets mucked up, the 
research environment could be ruined. The 
university could lose its appeal to students 


and faculty.” 

Everyone agrees the project will go 
ahead. The state of California is eager to 
lease the offshore tract to Atlantic Richfield 
(Arco), a Los Angeles-based oil company, 
because the state expects to earn between 
$600,000 and $1 million a day when the 
facility reaches peak production in 1992. 

Arco has held its lease on the tract since 
1945; but has only recently discovered the 
major new oil deposits. The Santa Barbara 
Channel and nearby Santa Maria Basin, 
most of which are under federal control, 
are expected to become the second largest 
offshore oil development in the Western 
hemisphere. Six other oil companies hold 
leases off Santa Barbara's coast but only 
Arco's is in the university's front yard. 

The project calls for two double plat- 
forms to rise about 14 stories above the 
ocean floor and will produce from 80,000 
to 500,000 barrels of oil a day. Plans for 
treating and transporting the crude oil and 
natural gas are under discussion. 

On campus, likely winners include the 





Franco-Japanese voyage 


Hitch mars start for Nadir 


Tokyo 

Мо sooner had the French research vessel 
Nadir, with the deep-sea submersible 
Nautile riding piggy-back, set sail оп 1 June 
on the second phase of the Franco- 
Japanese deep-sea project Kaiko than mis- 
hap struck with an accident that injured 
two French crewmen, one of them seriously 

They were struck by flying metal from a 
ring that broke when testing the crane us- 
ed to lower Nautile from the mother ship. 
Two relief crew are being flown out to 
Japan. Once they are on board, the Nadir 
will immediately set sail адап on its three- 
leg cruise to explore the plate boundaries 
running along the deep-sea troughs and 
trenches off the coast of Japan. 

The accident aboard the Nadir must add 
to the worries of Kazuo Kobayashi, 
Japanese co-director of the project, whose 
worst nightmare is that the Nautile will col- 
lide with a ship when she surfaces. The seas 
off the Pacific coast of Japan are criss- 
crossed by some of the busiest shipping 
lanes in the world and, near the junction 
of the Japan and Kuril trenches, where the 
cold southward-flowing Oyashio current 
meets warm air masses from the south, fog 
1s frequent. As the Nautile has a cruising 
speed of only one knot, extensive surveys 
of currents in the study areas have been car- 
ried out before the survey to avoid un- 
necessary *'drift" of the submersible dur- 
ing its planned two-hour descent to 6,000 
m. Transponders placed on the bottom will 
allow navigation with pinpoint accuracy 
and the submersible can be directed by 
telephone to spots of interest by the mother 


ship. Time on the bottom will be about five 
hours at 6,000 m during which the submer- 
sible can traverse about 9 km of sea floor 
The three-man submersible will carry only 
one scientist at a time, so French and 
Japanese researchers will take turns to 
descend. 

The temporarily delayed voyage is due 
to finish on 19 June after exploring the 
Tenryu Canyon and Zenisu Ridge which 
flank the Nankai Trough — a sediment- 
filled basin that straddles the boundary bet- 
ween the Eurasian plate on which Japan 
rides and the subducting Philippine plate 
which plunges beneath Japan. 

The second leg, from 22 June to 10 July, 
will traverse the Suruga and Sagami troughs 
that cut into the Japanese mainland at the 
leading edge of the subducting Philippine 
plate. Nautile will then investigate Dai-ichi 
Kashima Kaizan, a Fujr-sized seamount that 
1s being sliced and swallowed up by the Japan 
Trench (Nature 313, 433; 1985). On the final 
leg, from 13 July to 1 August, a seamount 
in a similar predicament will be investigated 
at the junction of the Japan and Kuril tren- 
ches, and it is hoped to make the deepest dive 
to nearly 6,000 m. 

Nautile may also find subduction-zone 
analogues of the “vent communities" of 
giant tube worms and clams found at 
spreading centres, but here associated with 
cold seeps of methane rather than hot 
sulphur-rich waters (see Nature 313, 339; 
1985). No biologists, however, will participate 
in the dives, which will be manned by 
geophysicists, geologists and geochemists. 

David Swinbanks 
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Structural and ocean engineers who will 
participate in designing new offshore plat- 
forms. Most worried are the marine scien- 
tists. Those affected by the project bring 
in over $5 million a year to the university 
1 outside grants. 

Aquatic biology has 1,450 undergraduate 
majors and 148 graduate students, making 
it the nation's largest marine sciences 


Not another oli-siicked Marine Blologisti 





programme for undergraduates. Pioneering 
work has been done on abalone culture, 
bioluminescence, kelp reproduction arid 
sediment transport. A specialized seawater 
system pumps water into laboratories and 
classrooms. 

Because of their stake in the waters off 
campus, UCSB scientists are trying to 
convince state authorities that the usual 
legal requirements for protecting the 
environment are not enough to safeguard 
the area for research purposes. 

Will toxic drilling muds damage the 
marine habitat? A preliminary study, paid 
for by the chancellor's office, indicates that 
such muds are detrimental to juvenile but 
not adult organisms. There is worry the 
muds might kill young abalone and other 
species and also foul the seawater intake 
system To quell such fears, Arco has said 
it might barge dniling wastes ashore to 
avoid contamination. 

The university also fears there will be a 
housing shortage caused by the influx of 
workers. Rents are already high and the 
school will have to increase financial aid 
so that students can afford to live nearby. 

But aesthetic concerns top the list. The 
campus 15 only two miles from the Santa 
Barbara airport and some professors are 
already bothered by helicopters taking off 
every 15 minutes or so as part of the overall 
oil development taking place in the region. 
Gil platforms, no matter how well built, 
strike many people as ugly. And their 
operations do sometimes emit foul-smelling 
odours that even now (from other oil rigs 
seven or more miles offshore) waft across 
campus a couple of times a month. 

The views of the university are important 
te Arco, according to Robert Flaherty, a 
company vice-president. Nobody in the 
industry would produce oil and gas at the 
price of damaging UCSB's educational and 
research activities, he says. “Ме can't see 
the remotest possibility of these terrible 
effects.” Sandra Blakeslee 
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Polish education 


Threat of repressive new law 


THE current clampdown on the ácatlemic 
community in Poland could seriously 
imperil Polish hopes of regaining Most 
Favoured Nation status (MFN) with respect 
to the United States. Loss of MEN, as part 
of the package of sanctions imposed by the 
United States when General Jaruzelski im- 
posed Martial Law in December 1981, has 
cost an estimated $50 million in Poland's 
foreign trade earnings. Alleged government 
plans for the deployment of graduates, 


recently described by the, underground ' 


Solidarity journal Tygodnik Mazowsze 
could well render this loss permanent. 

According to Tygodnik Mazowsze, new 
legislation is being drafted jointly by the 
Ministry of Science and Higher Education 
and the Ministry of Education to ensure 
that all “graduates” work for ten years in 
the nationalized sector of the economy. 
**Graduates"', the paper explains, appar- 
ently quoting from a leaked draft of the 
proposed legislation, includes all **Polish 
citizens who have completed basic voca- 
tional schooling, secondary vocational 
schooling of all types, higher education or 
who have taken PhDs abroad". If such 
persons fail to work in the nationalized sec- 
tor for at least ten years after graduation, 
they may be asked to return to the treasury 
the cost of their education. As a corollary, 
“graduates” who have not completed this 
ten years’ service, if going abroad, will be 
required to deposit the cost of their educa- 
tion as a guarantee of their return. 

The last requirement appears to contra- 
vene the terms laid down in the US Senate 
by the Jackson-Vanik amendment (law 
504A) of 1974, under which the US govern- 
ment is forbiden to grant МЕМ to any other 
government which requires intending 
emigrants to repay the cost of their educa- 
tion. According to the extracts of the draft 





quoted in Tygodnik Mazowsze, implemen- 
tation of the proposed law is expected to 
bring into the treasury several hundred 
million zloty a year from the contributions 
of graduates to the nationalized sector, as 
well as forfeited '"'guarantees"". 

In addition to the MFN problem, the 


· implementation of the law could seriously 
: damage Poland's international image. The 


new law would apply for 15 years after the 


епа of their studies. This would seriously 


hamper the prospects of younger Polish 
scholars wishing to travel abroad for, even 
if they intended to return, they might not 
be able to pay the deposit. Linkage of 
higher education with employment contra- 
venes the international human rights law. 

The extension of the term ‘‘graduate’’ to 
cover the trade-school sector could hit not 


_only small craftsmen, but also the run- 


down private agricultural sector. Since 
1980, the Polish government has given 
various grudging guarantees to the private 
farmers (who account for some 75 per cent 
of all Polish agriculture) that no attempts 
will be made to force them into the system 
of state and collective farms. The govern- 
ment has reluctantly agreed the principle 
of a scheme, proposed by the Catholic 
Church, to raise agricultural capital abroad 
and, according to Fr Alojzy Orszulik, the 
press spokesman of the Polish Catholic 
hierarchy, the government negotiators are 
about to “‘finish their work" on the plan. 
The rumoured new law would, however, 
mean that graduates of agricultural acad- 
emies and agricultural secondary schools 
could return to their family's farms only 
in middle life. The foreign patrons of the 
Church scheme (who include the govern- 


| ments of the United States and the Euro- 


pean Communities) may well be given 
pause. Vera Rich 





Failure for West German Greens 


LAST month's election in Nordrhein- 
Westfalen (NRW), the most populous state 
in the Federal Republic, was a great success 
for the Social Democratic Party (SPD). It 
icomes exactly halfway through the legi- 
slative period of the Christian Democratic 
(CDU) Liberal (FDP) coalition government 
in Bonn and is widely regarded as a vote 
against the coalition policies. Equally imp- 
ortant was the failure of the Green Party 
to obtain the 5 per cent vote necessary to 
win seats in the NRW parliament. 

The Green Party fared less well than it 
had hoped in the election in Saarland three 
months earlier, where it obtained only 2.5 
per cent of the votes. The 4.6 per cent in 
NRW was not a significant improvement 
on the result five years ago, when the 
Greens were a completely unknown factor. 

Coalition with the SPD was made im- 
possible by the Greens’ determination that 





· NRW should withdraw completely from 
‘the nuclear industry. But, like the 


CDU/FDP in Bonn, the SPD in NRW has 
a strong interest in maintaining, among 


other nuclear power stations, the nuclear, 


research centre at Julich and the fast 
breeder reactor at Kalkar. It seems the FPD 
has now adopted enough of the political 
standpoint of the Green Party to weaken 
its appeal to ecologically minded voters. 
Immediately after the election, an old 
quarrel broke out within the Green Party 
between the fundamentalists and realists. 
The former oppose all political compro- 
mises, while the latter strive to exert direct 
political influence. The difference between 
the two factions is so basic that it may 
splinter the Green Party. The three 
established parties may henceforth need 

take less notice of new radical ideas. 
Jürgen Neffe 








Indian cooking 


Chulhas win 
fair wind >>> 


New Dethi 
CHULHAS (wood stoves) that do not emit 
smoke and use less wood are fast replac- 
ing traditional’ cooking stoves in rural 
households, ushering in a ‘smokeless 
revolution" in India’s countryside. 
Some 800,000 smokeless chulhas have so 
far been installed and 5,000 villages have 
become smokeless in 15 months since the 


project was started by the Department of 


Non-conventional Energy Sources (DNES). 
The project has exceeded expectations, says 
DNES secretary Maheshwar Dayal, whose 
department has fixed a target of five 
million improved cooking stoves by 1990. 

About 40 per cent of all the energy in 
India is used for cooking food. The tra- 
ditional woodstoves made of mud and 
brick in India’s 112 million homes annual- 
ly burn 133 million tonnes of firewood and 
over 200 million tonnes of cow-dung cake. 
But the stoves are so inefficient that rural 
women spend long hours collecting 
firewood. The improved cooking stoves, 
with a combustion efficiency of more than 
15 per cent, have drastically cut down con- 
sumption of firewood. And: because these 
stoves are designed to burn the fuel com- 
pletely, the kitchens are smoke-free. Dayal 
says that smokeless chulhas introduced 
have saved 600,000 tonnes of firewood. By 
1990, the saving would be 4.2 million ton- : 
nes, valued at Rs 2,940 million (£210 


- million). 


Some 29 models of improved cooking 
stoves have been developed and introduced 
by social organizations and research institu- 
tions such as the Indian,'Institute of 
Technology (IIT) in Delhi, the Central 
Power Research Institute (CPRI) and the 


.Indian Institute of Science (IIS) in 


Bangalore. The cooking stoves vary accor- 
ding to the region, type of food cooked and 
fuel used. But all new designs are tested and 
certified by testing and training centres at 
IIT, CPRI and the Punjab University of 


‚ Agriculture in Chandigargh.' 


' While fixed-type chulhas are installed by 
government agencies and voluntary organ- 
izations, portable models are marketed at 
prices ranging from Rs 38 to Rs 63 (£3 to 
£5) by 12 private companies that have 
sprung up to cash in on the smokeless 
revolution. As an incentive to buyers, the 
government has abolished excise duty on 
fuel-efficient wood-burning stoves. 
DNES has also developed community 
chulhas capable of cooking for up to 200 
persons, with fuel efficiency as high as 35 
per cent, recommended for hostels, hotels 
and canteens. The Tamil Nadu state 
government is planning to install the im- 
proved community chulhas in the 33,000 


schools whose midday meal project is bẹ- 
| ing threatened by firewood shortage. 


K.S. Jayaraman 
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Oceanography 


NEWS 


Sino-Japanese collaboration 


Tokyo 

In the wake of successful cooperation 
between the United States and Japan 
in oceanography, Japan’s Science and 
Technology Agency has recently revealed 
plans for joint research with China in a 
multi-million dollar long-term study of the 
East China Sea and the Kuroshio, a huge 
warm ocean current in the Western Pacific 
that affects fishing, weather and shipping. 

Although details are still under negot- 
iation, the project will start in March 1986 
and run for seven years The chief partici- 
pants will be Japan's fishery, meteoro- 
ological and maritime safety agencies and 
China's National Bureau of Oceanography. 

The project, which was proposed by 
China in ‘‘vague’’ terms two years ago and 
put into more concrete form by Japan, will 
follow on from a 10-year study of the 
Kuroshio sponsored by the Science and 
Technology Agency That survey, the 
Kuroshio Exploration. and Utilization 
Research (KER) project, is due ro end next 
year but has only covered a small area of 
the East China Sea, a politically sensitive 
region for oceanographic research because 
of its potential oil reservices. 

The Kuroshio (black stream, black 
because of its low reflectivity) ts a 100-km 
wide ‘‘river’’ of clear warm water 
originating east of the Philippines that 
flows north past the eastern coast of 
Taiwan and then winds its way along 
Japan's Pacific coast before turning 
abruptly out into the Pacific on meeting the 
southward-flowing cold Oyashio current. 
At this bend in the Kuroshio, the Kuroshio 
Extension, huge swirling eddies of warm 
water extending to depths of hundreds of 
metres break off from the main stream and 
head slowly north, often persisting for 
periods of more than a year before finally 
being absorbed into the Oyashio or re- 
attached to the Kuroshio. 

With a speed of 3-4 knots and a volume 
transport of 30-60 tons per second the 
Kuroshio represents a tremendous potential 
source of energy, a point not missed by 
energy-hungry Japan; one purpose of the 
KER project is to assess the viability of 
harnessing the Kuroshio’s power. But the 
real power of the Kuroshio lies in its 
influence over Japan's fisheries. 

In the East China Sea, the current creates 
one of the world's largest fishing grounds 
and is an important spawning area for 
several commercial fish such as sardines. 
According to a KER report published in 
March, vast numbers of fish eggs are 
spawned next to the temperature/salinity 
front of the Kuroshio and eggs and larvae 
are picked up by the current and trans- 
ported hundreds of kilometres downstream 
to nursery grounds off the Pacific coast of 
Japan. In addition, fish such as tuna and 
bonito feed along the length of the 
Kuroshio and the warm eddies north of the 


Kuroshio Extension can cause switches in 
the migration routes of several commercial 
fish such as Pacific saury Japan's vast 
fishing industry thus has a tremendous 
vested interest in understanding the 
vicissitudes of the Kuroshio. In fact some 
large tuna fishing vessels are already 
equipped with automatic picture trans- 
mission equipment for receiving and 
processing real-time infrared satellite 
images of the Kuroshio. As such equipment 
1s beyond the resources of all but the largest 
fishing vessels (a terminal costs about 
$65,000) the Japan Weather Association 
(JWA) introduced a satellite data service 
1n October last year which provides HRPT 
(high resolution picture transmission) 
infrared imagery data in photographic or 
floppy disk form for as little as $4.60. 
Satellite-monitoring. both of drifting 
buoys and sea-surface temperature will also 
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form an important part of the joint project 
with China, according to Dr Hideo Nishida 
of the Hydrographic Department of the 
Maritime Safety Agency. The annual 
budget for Japan's contribution to the 
project will be similar to that of KER, he 
said, more than Y100 mullion ($0.4 million). 
At the same time as the Science and 
Technology Agency's project gets under 
way in the East China Sea, the Ministry of 
Education-affiliated Ocean Research 
Institute (ORI) of the University of Tokyo 
mtends to tackle the other end of the 
Kuroshio, focusing attention on the warm 
core nngs north of the Kuroshio Extension. 
Professor Takahisa Nemoto, head of the 
Plankton Division at ORI, announced at 
an international seminar here in Tokyo this 
week that a cruise of the institute's RV 
Hakuho Maru will study Kuroshio warm 
core rings 1n September 1987, while the 
Institute's. smaller research vessel, the 
Tansei Maru, will carry out preliminary 

studies in the same area in 1986. 
David Swinbanks 





France 


Future of encyclopaedia in doubt 


THE creation of a great new French en- 
cyclopaedia, mostly of the sciences, was an- 
nounced by the present French government 
in 1982. It was to use all available new 
technologies (databanks, electronic access, 
video) as well as trhe more traditional ones 
(print) and it was to be the 20th century's 
answer to the Encyclopédie Diderot, the 
great enterprise of the Enlightenment to en- 
compas all knowledge in a few fat volumes. 
Where it 15 now? Appealing, it seems, to 
the French public for a few sous. A new 
advertisement has appeared in Paris ask- 
ing for ‘‘patrons’’ to invest in the new en- 
cylopaedia, which, until recently at least, 
has been unable to attract a French 
publisher willing to carry any financial risk. 

The publishers North-Holland, it ıs 
hoped in Paris, may produce an English 
version, but the Commission Diderot, 
which is in charge of the 20th century 
masterwork, needs to raise another FF 10 
million (around £1 million) to bnng this 
“encyclopaedia of living questions" to the 
French. It will be interesting to see if the 
French will be willing to pay. So far the 
commission has a grant of some FF 750,000 
from the ministries of education, research 
and culture, and has been promised a fur- 
ther FF 4 million from industry. That not 
being enough, the appeal appears to have 
been the only way forward. 

So will the encyclopaedia, the brain-child 
of present education minister Jean-Pierre 
Chevénement (who was research minister 
at its launch), be worth a minimum of FF 
100 investment? The French market is not 
large and the publishers" judgement should 
be respected. But FF 100 to be associated 
with a great project? 

The encyclopaedia is certainly great. 200 
volumes are expected by the end of 1989, 


and the first 20, involving 200 authors, are 
promused by April 1986. But its structure 
is novel and even contradictory. The prin- 
ciple is that ‘‘knowledge”’ 1s not fixed but 
changing; and moreover that at any time 
there can be many opinions on a subject. 
While this may be true of many ideas, there 
are also many of which it is not true. And 
it 15 difficult to see how a flux is to be fix- 
ed in encyclopaedic form. 

In practice, the Commission Diderot's 
strategy was to send out a nation-wide “‘ap- 
peal for questions (this came before the ap- 
peal for funds), an appeal which led to a 
hst of 350 (such as ‘‘will carbon-dioxide 
emissions alter the climate and by how 
much?”’) out of which the commission has 
selected some 50 for the first volumes. 
Some 80 per cent of the questions received 
were in the physical or biological sciences 
or 1n mathematics, and only 20 per cent in 
the social sciences (which surprised the 
commission secretariat). Answers to these 
questions by the 200 authors will form a 
resource, it is said in Paris, from which 
many kinds of publication may be drawn. 
A great deal depends, therefore, on these 
authors, who must produce texts which are 
“intelligible to all’? and address all the 
fears and hopes raised by the subjects they 
cover. 

According to Dominique Lecourt, short- 
ly after he was appointed director of the 
project, the encyclopaedia is to be “а 
powerful instrument of liberation". It will 
also ''reject any attempt to assemble the 
sum of all knowledge or to present it ac- 
cording to an apparently rational order" 
It is a mountainous and confusing task, and 
it must be asked 1f even France is large 
er-ough to face it — even with a few more 
sous. Robert Walgate 
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CORRESPONDENCE 


Lobbying of NSF denied 


Sır — In “US engineering research: Six 
special centres founded", (Nature 11 April, 
p.488; 1985), Tim Beardsley reports on 


several grants made by the National Science | 


Foundation (NSF) to establish major 
engineering research centres. At the end of 
the article, Beardsley implies that political 
influence was involved in the selection of 
one of the awardee institutions. This let- 
ter's erroneous implication could cause 
great potential harm. 

Beardsley states: ‘‘At least one US 
senator had lobbied NSF to locate an en- 
gineering research centre in his state, ap- 
parently successfully. But Bloch [Erich 
Bloch, director of NSF] insists that siting 
decisions had been made exclusively on the 
basis of peer review of the 142 proposals 
from 106 institutions."' 

The only communication about this mat- 
ter that NSF received from the senator con- 
cerned was a form letter asking for infor- 
mation about the proposal on behalf of a 
constituent. That would hardly seem to 
constitute ‘‘lobbying’’ even by the most 
rigid of definitions. 

Beardsley apparently reached his conclu- 
sion after reading a press release issued by 
the senator's office that seemed to imply 
a greater involvement. Other writers atten- 
ding the press conference about the awards 
correctly identified this as a case of a 
political figure being overzealously 
associated with an event beneficial to his 
constituency. Beardsley's statement begin- 
ning, **But Bloch insists "' does not help 
matters greatly. 

NSF goes to great lengths to ensure that 
decisions on all proposals are made on the 
basis of scientific merit and that the scien- 
tific and engineering communities are 
aware of and confident in that fact. In the 
case of the engineering research centre pro- 
posals, the review involved a four-stage 
process in which a number of competent 
persons participated, including highly res- 
pected engineers from academia and in- 
dustry. Let me state clearly that politics was 
not and is not part of the process. The im- 
plication in the Beardsley article to the con- 
trary is most unfortunate. 

RAYMOND E. BYE JR 
Office of Legislative 

and Public Affairs, 

National Science Foundation, 
Washington, DC 20550, USA 


Tim Beardsley writes: While there 1s no 
evidence that NSF's reviewing was 1n- 
fluenced by political pressure, the form let- 
ter referred to, from Senator Alfonse 
D’Amato of New York, was sent to NSF 
in response to a request for support from 
Mr Gregory Fusco, vice-president of 
government relations at Columbia Un:- 
versity. The senator’s involvement was 
readily confirmed by his office at the time 
the story was written. Senator D’Amato 
asked NSF to keep him informed of the 








progress of Columbia University’s applica- 
tion and asked that Mr Fusco’s request ‘‘be 
given every consideration". Some might 
disagree with Mr Bye's assertion that this 
does not constitute lobbying (Oxford 
English Dictionary: “to seek to in- 
fluence’’). Only the over-sensitive, how- 
ever, would object to the word ‘‘insists’’ 
in connection with Bloch’s denial that poli- 
tical factors influenced the selection pro- 
cess; insisting that one 15 innocent carries 
no implication that the opposite is true. 





Embryo research 


Sir-— In their attempt to establish a status 
for the in vitro fertilization embryo, which 
denies the scientific understanding of the 
human embryo and the medical code of 
ethics in regard to it, Drs Evans and 
McLaren make some remarkable points!. 

They castigate Professor Lejeune 
because he ‘‘.. omits to say that research 
on the detection and prevention of these 
genetic defects... in some instances can 
only be done at this early (embryonic) 
stage" while omitting to point out 
themselves that most developmental genetic 
research work can be and is being done on 
ethically suitable animal and insect models. 
Indeed, Nature is organizing an interna- 
tional conference (‘‘Genes and Systems in 
Development”, San Francisco 7-9 October 
1985) ‘‘to address what is perhaps the cen- 
tral unanswered question of biology today: 
How is the process of development directed 
by genes?" Most of the papers are based 
on animal models. 

When the normal developmental pro- 
cesses of pattern formation are understood, 
then the abnormal processes can be solved 
— for how can one hope to understand the 
pathological without a proper under- 
standing of the normal? In regard to the 
use of insect embryo models for under- 
standing genetic development, David Ish 
Horowicz has suggested a relatively short 
time span: ‘‘It is conceivable that within 5 
years it will all be over. We will have solv- 
ed the universal biological problem of pat- 
tern formation" ?. Allowing a further five 
years to solve the question of abnormal pat- 
tern formatien (genetic defects), the 
answers should be available before the turn 
of the century. In the meantime, we can 
console ourselves in the knowledge that in- 
fants with genetic defects comprise less than 
1 per cent of live births and 993 out of every 
1,000 embryos, which implant with genetic 
defects, will not result in a live birth*. 

PATRICK W. GILL 
89 Davies Road, 
Claremont, Perth, 
Western Australia 6010 


1 Evans, HJ & McLaren, A Nature 314, 127-128 (1985) 

2 Moore KL The Developing Human, 8 (Saunders, 
Philadelphia, 1973) 

3 Vines G New Su No 1483, 30 (1985) 

4 Schlesselman J 1] Am J Obstet Gynecol. 135, 135 (1979) 














Women students 


SIR — In his article, “Women in science 
and engineering", (Nature 2 May, p.84), 
Richard Pearson suggests that the cause of 
the surprisingly low representation in the 
‘less traditionally heavy engineering" field 
of electrical engineering and electronics 
may be that ‘‘the competition for places is 
much harder in these subjects". 

Surely this implies that women engineers 
are simply not as able as men in the field 
of electrical engineerng and electronics, and 
therefore cannot compete for these jobs? 

I find this an extraordinary suggestion 
from a member of the Institute of Man- 
power Studies, but comparable to the 
engineering careers consultant at my old 
university who advised all female engineers 
to become accountants. 

ELIZABETH FISHER 
42 Salisbury Avenue, 
Cheam, Surrey SM1 2DJ, UK 


Sir — In Richard Pearson’s article on sex- 
ual discrimination (Nature 2 May, p.84) 
there is an important difference between 
what is purported to be the percentage of 
medical students in the United Kingdom 
who are women, and what the government 
believes the figure to be. Pearson's Table 
1 gives 49 per cent as the percentage of first- 
year women medical students in 1982 (a 
figure he attributes to the Universities Cen- 
tral Council on Admissions). The Depart- 
ment of Health and Social Security publica- 
tion On the state of the public health for 
the year 1983 (HMSO) gives the percentage 
number of women entrants in UK medical 
schools in 1982-83 as 44 per cent, and for 
the previous year 43 per cent. Whom do we 
believe? Medicine being what it is, I im- 
agine the DHSS figure is nearer the mark. 
JOE COLLIER 
St George's Hospital Medical School, 
Department of Pharmacology, 
Jenner Wing, Cranmer Terrace, 
London SW17 ORE, UK 





Liberation all round 


SiR — We were appalled to read the report 
from R.A. Tatouille (Nature 28 March, 
p.323) on the formation of the Vegetable 
Liberation Front. This is elementism of the 
worst kind. We have formed the Associa- 
tion for the Liberation of Long Oppressed 
Ingots to counter this oppression, and to 
lobby support for non-carbon based 
objects. 

Remember the rallying cry of ALLOI 
**Metals of the World unite — you have 
nothing to lose but your purity”. 

Guy A. BROWN 
; W.H. SwALLOW 
DSIR Пат Research Centre, 
27 Creyke Road, 
PO Box 29-181, 
Christchurch, 
New Zealand 
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-NEWSANDVIEWS 


Avoiding recurrent catastrophes 


The death of perhaps 15,000 people in Bangladesh last month was caused by cyclonic and tidal forces 
in concert. Prevention may be impossible, but better warning is essential. 


THE tragic loss of life in the Ganges delta 
of Bangladesh two weeks ago will never be 
accurately quantified. Even in normal 
circumstances, the numbers of people eking 
out a living in the delta can only be guessed 
at; the numbers of those swept away by the 
tidal wave that filled the Bay of Bengal on 
25 and 26 May will be counted only 


' imperfectly. But tragedies like this recur at 


frequent intervals along this low-lying 
coast. What can be done to prevent them, 
or at least to mitigate their effects? 


Understanding the phenomenon must be a 


first step, which is why there is interest in 
a calculation of the interaction between 
wind-driven surges and the natural tide in 
the Bay of Bengal, published in the Philo- 
sophical Transactions of the Royal Society 
(A313, 507-535; 1985) by B. Johns of the 
University of Reading and associates from 
the Indian Institute of Technology at New 
Delhi: A.D. Rao, S.K. Dube and P.C. Sinha. 
‘In the long run, accurate prediction of 
these tidal waves must be a prerequisite for 
avoidance action. Two weeks ago, the 
meteorological services did warn of 
impending trouble along the low-lying 
coast, although the argument continues 
whether the warnings might have been 
fuller. Too fatalistically, people also ask 
what value broadcast warnings may be to 
people too poor to own radio receivers. 
The essence of the phenomenon that 
killed about 15,000 people in the Bay of 
Bengal is that by which a cyclonic pressure 
may create a surge of water elevation as it 
moves through shallow water onto the 
shore of an enclosed tidal basin. The first 
expectation is that the increase of water 
level and thus the risk of flooding will be 
greater when the arrival of a cyclone 
coincides with high tide. But by now it is 
accepted that the interaction between the 
tides and the wind-driven surge is not 
linear. The whole may be greater (and more 
damaging) than the sum of the parts. 
Johns et al. have provided a valuable 
snapshot of where the modelling of 
tide/surge interactions now stands, and 
also of what remains to be done. The paper 
sets out to model retrospectively the tidal 
wave that hit the low-lying coastal strip of 
the Indian state of Orissa, on the west of 
the Bay of Bengal on 3 and 4 June 1982. 
When more is known of the track of the 
cyclone that drove last month's tidal wave 
onto the coast of Bangladesh; the same 
mathematical apparatus may be used to 
reconstruct that sequence of events as well. 
The technique is in principle straight- 
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forward. First, the bottom topography and 
the coastline of the bay are represented by 
smoothed curves. This is the idealized but 
still realistic basin in which the water is 
driven by the forcing of tidal oscillations 
in the Indian Ocean, and by the surface 
winds of cyclones. But because of the large 
volume of water in the several mouths of 
the Ganges, one elaboration of the model 
puts a series of 200-km stretches of water 
at the head of the bay. 

The hydrodynamic equations for the 
motion of the water in the bay are 
simplified to the case of a flat’ surface, 
although the Coriolis forces associated with 
rotation are allowed for. The coupling 
between the Indian Ocean and the bay is 
supposed to be determined primarily by the 
astronomical tides, whence arises the most 
immediate difficulty of the model: by what 
conditions should the interaction be 
represented on the boundary, taken as an 
imaginary line running east from the Sri 
Lankan coast? In principle, if there were 
enough tidal stations around the bay, it 
would be possible to determine this external 
forcing function accurately, simply by 
running the model and comparing its-pre- 
dictions of the tides with observations of 
them in normal circumstances. In the event, 
the data are so sparse that Johns et al. can 
do no more than represent the tidal effect 
of the Indian Ocean on the bay by means 
of a regular sinusoidal variation of height 
with constant phase along the whole length 
of the arbitrary boundary. If catastrophic 
surges in the bay are to be predicted accur- 
ately, this needless simplification must be 
avoided, from which it follows that much 
better tidal data must be collected from 
many more stations in the bay. 

Incorporating cyclones in the model is 
also an empirical process. The chief 
physical effect is that of cyclonic winds on 
the sea surface. Johns ef al. represent the 
Orissa cyclone by a wind-field modelled to 
alow for decreasing velocity with 
increasing distance from the centre, but 
fitted with the crude meteorological data 
available for the cyclone. By their account, 
the predicted height of an induced surge in 
the Bay of Bengal will depend sensitively 
on the wind-field pattern out to 100 km or 
so from the centre of the storm, which 
points. to another obvious difficulty: 
because there is at present no way of 
inferring precise wind-speeds from synoptic 
meteorological data, real-time predictions 
are, for the time being, uncertain. 

In the circumstances, it is remarkable 








that the model functions as well as it does. 
By forcing the movement of the mass in the 
bay by the crude representation of the 
effects of the external tide, as well as by 
the Orissa cyclone following its measured 
track, Johns et al. conclude that the 
average height of the tidal wave in June 
1982 may indeed have reached 8 m at some 
parts of the coastline. But given the 
unavoidable arbitrariness with which the 
constants specifying the wind-field must be 
chosen, the real proof of the pudding is that 
the model seems to have reconstructed the 
sequence of events correctly. 

The Orissa inundations of 1982 turn out 
to have been interesting in their own right 
(but perhaps they all are). According to the 
model calculations, not much seems to have 
happened to the level of water off the 
Orissa coast (except for a gradual rise 
totalling 2 m in a day) until the centre of 
the cyclone made its landfall on the 
afternoon of 3 June. Thereafter, however, 
the computer calculations bear out such 
anecdotal evidence as there is that the 
largest elevation of sea-level occurred some 
hours later, further to the north-east. 
During this interval, the model shows, it 
is almost as if a tidal wave was moving 
steadily along the coast from the point of 
landfall, at first increasing with height. The 
tidal and cyclonic effects are not additive, 
which is what would be expected of 
solutions to a set of equations which are 


-inherently nonlinear, but the result is that 


some odd things can be expected. The times 
of maximum inundation may differ by 
several hours from those of high tide. Parts 
of the coast far from the point of landfall 
may be inundated twice. 

Directly, none of this has much to do 
with last month’s tragedy. Indeed, the 
physical scale of these phenomena is so 
great that outright avoidance is clearly 
beyond reach. The only realistic way of 
mitigating recurrent damage on last 
month’s scale is that there should be more 
accurate warnings, and that better use 
should be made of them. Much might be 
done by running the model of Johns et al, 
not merely on those cyclones which turn 
out to be damaging, but on the much larger 
number of meteorological depressions in 
the Bay of Bengal which turn out to be 
relatively benign, for then it might be 
possible to build up a kind of taxonomy of 
dangerous cyclones. But for such an 
exercise to be worthwhile, better tidal 
observations are essential. 

' John Maddox 
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Neurosciences 


NEWS AND VIEWS 


Modulation of some deadly sins 


from Charles F Stevens 


SEVERAL recent articles, three of them 
elsewhere in this issue, ‘shed light on 
neuromodulation, the shadowy side of 
brain function. We understand quite well 
in terms of cellular mechanisms about half 
of what the brain does — the integration 
and transmission of information. But the 
other half — the neuromodulatory systems 
that seem to mediate, for example, glutony, 
sloth, lust and anger, if not more of the 
seven deadly sins — is only now beginning 
to be elucidated. 

The well understood part of brain func- 
tion has been revealed through a line of 
research initiated by Hodgkin, Huxley, 
Katz, Kuffler and Eccles. Integral mem- 
brane proteins, known as channels, control 
the permeability of the neuronal membrane 
to ions, and thus regulate the brain's elec- 
trical activity. The channels change their 
conformation in response to synaptically 
released neurotransmitters or variations in 
membrane voltage. These conformational 
changes cause the channels' transmem- 
brane pores to open and permit ionic cur- 
rent to flow across the neuronal membrane. 
The neurotransmitter, the first messenger, 
thus triggers the current flow that acts as 
a second messenger by producing changes 
in membrane voltage in remote parts of the 
neurone, where the behaviour of other 
channels is in turn altered. The number of 
distinct kinds of channels is quite large: 
neurones have at least a dozen species of 
channels that sense membrane voltage, and 
more than a dozen types that open their 
pores after binding specific neurotrans- 
mitter molecules such as acetylcholine, 
dopamine or serotonin. 

Neurotransmitters are released at the 
brain's 10? synapses, and part of their 
function is to cause channels to open. But 
some neurotransmitters also have a quite 
different function that is not yet fully 
understood. They bind to receptors on the 
neuronal surface and employ chemical 
second messenger systems, rather than 
current flow, to produce myriad effects. A 
typical second messenger is cyclic AMP, 
produced by -neurotransmitter-activated 
adenylate cyclase. Second messengers in the 
brain have a wide variety of effects, rang- 
ing from the ability to alter the rate of 
transcription of specific genes (see, for ex- 
ample, Barinaga, M. et al. Nature 314, 279; 
1985) to the modification of channel pro- 
perties, as described below. The hallmark 
of these modulatory effects is that they in- 
volve covalent modification of proteins 
rather than simple conformational changes, 
and thus occur on a time scale of seconds 
to minutes or longer, whereas the typical 
channel opening and closing that is respon- 
sible for the nerve impulse, for example, 
occurs in the order of milliseconds. 


The three papers on neuromodulation in 
this issue involve three different types of 
channels that respond to membrane voltage 
by opening pores selective for potassium 
ions; more than half a dozen distinct types 
of potassium channels are known. On page 
501, Aghajanian reports that the neuro- 
transmitter noradrenaline causes the sup- 
pression of one species of potassium chan- 
nel (*A' channels) in neurones of the dor- 
sal raphe nucleus. Because the normal func- 
tion of this channel is to slow the produc- 
tion of nerve impulses, the suppression 
results in an increase in the rate of firing. 
Stanfield, Nakajima and Yamaguchi report 
on page 498 that the neuropeptide sub- 
stance P suppresses a second type of pot- 
assium channel (the inward rectifier), so in- 
creasing the excitability of neurones cul- 
tured from the globus pallidus. Finally, 
on page 503, Ewald, Williams and Lev- 
itan demonstrate the mechanism by which 
cAMP increases the activity of a third type 
of potassium channel (the calcium- 
activated potassium channel). Using patch 
clamping of isolated membrane patches 
from nerve cells of the snail Helix and 
channel reconstitution in artificial lipid 
bilayers, they find that the action of the 
catalytic subunit of cAMP-dependent pro- 
tein kinase increases the probability that the 
channel will open. Their observations 
demonstrate that the substrate of the kinase 
is either the channel itself or a closely 
associated entity. Similar experiments by 
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Shuster et al. (Nature 313, 392; 1985) have 
shown that the cAMP-dependent protein 
kinase can act to decrease the activity of 
a fourth type of potassium channel (the S 
channel), which is implicated in a form of 
Jearning in the sea slug Aplysia. Although 
various types of potassium channels are fre- 
quently the targets for neuromodulation, 
other channels are also influenced in this 
way. For example, DeRiemer et al. (Nature 
313, 313; 1985) recently showed that the ac- 
tion of a channel that controls calcium 
permeation is augmented when the enzyme 
protein kinase C is activated. 

Why does the nervous system go to so 
much trouble to modify channel proper- 
ties? One of the brain's chief powers is that 
it is self-modifying — one set of computing 
elements can, under neuronal control, be 
substituted for another while the basic 
nerve cells and their connections are main- 
tained. Channel properties determine the 
information handling capabilities of 
neurones; altering them changes the way 
information is processed. 

Even though we know that neuro- 
modulatory phenomena are both common 
and important, we are only now starting 
to define the range of effects and the 
underlying mechanisms. In no case has the 
entire regulatory cascade been fully 
elucidated and much more must be done 
to work out enough specific examples 
before we can begin to perceive the underly- 
ing logic. Discovering how the brain 
modifies its own machinery is one of the 
most important challenges in modern 
neurobiology and is becoming one of the 
most active areas of research. o 
Charles F. Stevens is in the Section of 


Neurobiology, Yale University School of 
Medicine, New Haven, Connecticut 06510, USA. 





High-energy astrophysics 


Is Cygnus X-3 a source of 
gamma rays or of new particles? 


from Alan Watson 


IF NEW results from the Soudan proton- 
decay project! are being interpreted cor- 
rectly, cosmic, rather than man-made, ac- 
celerators are providing evidence either for 
a new elementary particle or for unexpected 
interactions of existing ones. The cosmic 
accelerator in question is the well-known 
X-ray and radio source, Cygnus X-3. By 
observing gamma rays above 10" eV, 
groups at Kiel? and Leeds? universities 
have identified Cygnus X-3 as one of the 
most powerful emitters of charged cosmic- 
ray particles іп the Galaxy*?. These 
groups have shown that a few high-energy 
air-shower events from the direction of 
Cygnus X-3 display the distinctive 4.8-h 
modulation seen at X-ray and TeV gamma- 
ray energies. Because of the continuity of 
the spectrum from 10!! to 10/5 eV (refs 
2,3), and in the absence of other straight- 





forward explanations, it has been general- 
ly assumed that these signals are gamma 
rays resulting from n^ decay in the en- 
virons of the source. The new results from 
proton-decay experiments in the Soudan 
mine! and in the Mt Blanc tunnel 
(NUSEX)S challenge this simple picture 
and may demand a change in our views 
about particle physics. 

Cygnus X-3, one of the most luminous 
X-ray sources in the Galaxy, is a stellar- 
binary system some 12 kpc from the Sun? 
in which a neutron star orbits a more 
massive companion star. X-rays are emit- 
ted when gas flowing from the massive star 
falls into the deep gravitational potential 
well surrounding the neutron star. The X- 
rays are modulated with a 4.8-h period 
which slowly lengthens and which is believ- 
ed to be the orbital period of the system 


ї 
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— the minimum of the X-ray signal defines 
zero phase, & = 0, and is thought to occur 
when the neutron star is eclipsed by its com- 
panion. Signals, interpreted as gamma 
rays, have been seen regularly in many 
independent experiments from 10!! to 
10/5 eV, as discussed previously in these 
columns*. Here, the pattern of emission is 
variable but relatively sharp spikes of emis- 
sion (of width А $,5'0.1) have usually been 
seen near $ = 0.2 and/or $ = 0.65. Nuclei 
accelerated in the electromagnetic fields of 
the neutron star may generate ns, and 
hence gamma rays, through interactions in 
the circumstellar material’. Above 10!! eV, 
cosmic-ray primaries are detected through 
the cascades that they produce in the at- 
mosphere. It is an inference to say that 
gamma rays have produced the showers, 
but neither charged particles nor neutrons 
could be the primaries — the interstellar 
magnetic field is much too turbulent for the 
former to retain their original direction or 
phase coherence, whereas neutrons of 10 
eV have a mean path length before decay 
of only 30 pc. It has long been expected that 
gamma-ray initiated air showers should be 
deficient in muons by a factor of about 10 
compared with proton showers, because the 
photopion production cross-sections are 
100 umes smaller than proton-proton 
cross-sections. In an attempt to secure the 
gamma-ray identification, the Kiel group? 
searched for signals from muons above 2 
GeV in a shielded 65 m? detector within 
their array. It came as a shock that for the 
14 ‘on-source’ events for which they had 
data, the muon content was about 80 per 
cent rather than about 10 per cent of that 
in ‘off-source’ events: were the primaries 
really gamma rays? This difficulty was 
recognized but tended to be dismissed 
because the Kiel detector could not follow 
muon trajectories. 

In this context the recent work by the 
Soudan group' demands attention. It is 
the first published report of a remarkable 
effect, apparently duplicated in the 
NUSEX experiment®, which has hitherto 
been known only to readers of the samizdat 
literature of particle physics. The Soudan 
and Mt Blanc groups operate large volume 
proton-decay detectors at depths of 1,800 
and 5,000 metres water equivalent, respec- 
tively. Both find that those straight tracks 
which pass through their detectors (inter- 
preted as single muons) and which project 
back close to the Cygnus X-3 direction, 
exhibit its distinctive 4 8-h periodicity. In 
the Soudan experiment the enhancement of 
600 GeV muons is in the phase range 0.65 
< $ < 0.90 and consists of 84 + 20 events, 
whereas for NUSEX the excess of 1 TeV 
muons comprises 19 + 5.7 events in the 
interval 0.7 < à < 0.8. The possibility of 
chance giving the observed distribution in 
each experiment is estimated separately to 
be between 107? and 10-*. 

If Cygnus X-3 ıs a gamma-ray source, 
with the rays originating from n? decay, 
then it must also be a neutrino source; both 
the Soudan and Mt Blanc groups have con- 
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sidered the possibility of neutrinos as muon 
parents. The Soudan group find that the 
local zenith angle distribution of events in 
the phase peak is similar to that of ordinary 
muons and claim that they can reject com- 
pletely the hypothesis of an isotropic zenith 
angle distribution expected for neutrino 
primaries. In the NUSEX experiment, the 
predicted neutrino-induced muon flux is 
too low by a factor of about 800 to explain 
the observations. To explain the Soudan 
results, Marshak ег a/.' propose either а 
new interaction or a new neutral particle. 
To maintain phase coherence, such a par- 
ticle must have travelled from Cygnus X-3 
with a Lorentz factor above 2 x 10*. 
But some worries about the new ea- 
periments remain. The Soudan effect is 
maximized in a direction displaced by 
about 3? from the known radio position of 
Cygnus X-3, which is rather more than can 
be accounted for by uncertainties in the 
horizontal orientation of the detector. It is 
not clear that the background calculation 
correctly accounts for the possibility of 
variable exposure at different phases 
throughout the eaperiment. In particular 
the background summed over all phase bins 
is not equal to the source count as it should 
be for the background calculation describ- 
ed (J. Lloyd-Evans, personal communica- 
tion). In the NUSEX analysis a 10° x 10° 
area centred on the source has been re- 
quired to maximize the signal; this is much 
larger than the 1° x 0.5° error in celestial 
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coordinates estimated for each particle 
track. The absence of any signal above 7 
TeV also needs explaining. In neither ex- 
periment is it clear whether any statistical 
degrees of freedom remain unaccounted for 
in the probability estimates. 

As a final twist to this complex story 
the Akeno air-shower group has just an- 
nouned a result? agreeing with conven- 
tional views of the muon content of 
gamma-ray showers. In air showers with 
less than a thirtieth of the normal number 
of muons they find a 4.8-h modulated 
signal from Cygnus X-3 above 10/5 eV and 
a: phase 0.5-0.6. Both the phase and inten- 
sity agree with recent work from Haverah 
Park (A. Lambert et al., manuscript in 
preparation), where confirmatory evidence 
will be sought with the University of Not- 
tingham’s new 40 m? muon detector. At 
the moment the gamma-ray interpretation 
of Cygnus X-3 is the simplest hypothesis 
and it may be premature to reject it. О 
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Plant metabolism 


Coping with drought by the sea 


Jrom Peter D. Moore 


CRASSULACEAN acid metabolism (CAM) is 
a photosynthetic strategy characteristically 
associated with plants subjected to periodic 
or constant water stress. It is therefore, 
more usually described in plants of arid 
lands and with continental distributions 
than in those found in oceanic arcas. It is 
particularly surprising that a recent study 
by Р.Р. Daniel ег ai! of Umbilicus 
rupestris (wall pennywort) — a distinctly 
oceanic member of the Crassulaceae — 
should have revealed that this plant exhibits 
a physiological response to drought that is 
reminiscent of CAM. 

During the past century it was observed 
that some succulent species of plants ac- 
cumulate acid in their tissues during the 
night, but it was not until the 1940s that 
the full significance of this behaviour was 
understood. Leaf acidification is accom- 
panied by the nocturnal uptake of carbon 
dioxide and it has become clear that there 
is a temporary fixation of carbon by the 
enzyme phosphoenolpyruvate carboxylase 
into a 4-carbon compound, oxaloacetate, 
which is subsequently converted to malate. 
In the daytime, the malate is decarbox- 
ylated and the released CO, is refixed by 
the Calvin cycle enzymes. The main advan- 


tage of the pathway is the opportunity il 
provides for water conservation, because 
the stomata in the leaf need only open for 
gascous exchange at night when trans- 
piration losses can be kept to a minimum. 

The efficiency of water conservation in 
CAM plants becomes clear when their 
transpiration/photosynthesis ratios (grams 
of water transpired per gram CO, fixed) 
are compared with those from plants that 
have other photosynthetic strategies? For 
CAM plants thc ratio is usually 50-100, for 
C, plants it is 250-300 and for C, plants 
400-500. The strategy is also efficient at 
conserving carbon, as the CO, generated 
by respiration can be trapped and retained 
in the same manner. 

Once of the costs of efficient water con- 
servation in CAM plants is a fairly slow 
rate of carbon accumulation in the growth 
of tissues. Therefore, there are clear ener- 
getic advantages in the adoption of a flex- 
ible system in which it is possible to switch 
to CAM only during periods when it is of 
advantage to the survival of the plant, such 
as in times of water stress; several species 
of plant have now been described that can 
do this). One is the succulent Mesem- 
bryanthemum crystallinum*, found on 
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sandy shores and sand dunes around the 
Mediterranean. Other species switch to an 
incomplete form of CAM when they ex- 
perience drought. This has been termed 
“САМ idling’. In this mode, there is no fix- 
ation of atmospheric carbon during the 
night, but there is a nocturnal accumula- 
tion of acid resulting from the fixation of 
respiratory CO,. Here, carbon economy is 
closely linked to water conservation. 

It is this type of CAM idling that has now 
been observed in Umbilicus rupestris when 
it is exposed to drought. Under normal 
well-watered conditions, Umbilicus behaves 
like a conventional C, plant as far as its 
carbon exchange is concerned, taking up 
atmospheric CO, during the day and 
showing a net output of CO, at night. 
After six days of drought, the daytime up- 
take becomes confined to a short period in 
the morning, after which stomatal 'ex- 
change is curtailed. The plant makes up the 
reduced carbon intake by lowering the 
respiratory losses at night when phospho- 
enolpyruvate carboxylase traps the CO, 
generated in respiration and converts it to 
oxaloacetate and then malate, resulting in 
tissue acidification. 

Evidently the falling water potentials in 
the plant activate a metabolic switch, but 
the nature of the operation of this switch 
is still unknown. One of the consequences 
of switching is the enhancement of carbox- 
ylase enzyme activity; Daniel et al. have 
shown that the properties of the activated 
enzyme are somewhat modified — for ex- 
ample, it is less sensitive to low pH and to 
malate inhibition?. But they do not sug- 
gest the generation of a new separable form 
of the enzyme. 

There remains the intriguing ecological 
question of why an oceanic species should 
possess this unusual capacity for dealing 
with drought. The answer must lie in its 
preferred habitat, for Umbilicus rupestris 
is a plant of cliff crevices and stone walls, 
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Wall pennywort growing epiphytically on 
a date palm in Seville, southern Spain. 
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and sometimes even grows as an epiphyte 
on larger plants. It can be found at the 
southern extremuties of its range in southern 
Spain growing on the coarse trunks of the 
date palm, Phoenix dactylifera (see figure). 
In such exposed locations, often with little 
or no true soil around its roots, the risk of 
drought must be very real for Umbilicus, 
even in the wetter regions of north-west 
Europe. Clearly, the capacity to switch to 
CAM idling enables the plant to make the 
most of any given set of conditions. 
Discovery of CAM in an oceanic temperate 
plant forms an interesting equivalent to the 
tropical epiphytic ferns in which CAM has 
previously been described$. o 
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Particle physics 


Look before you LEP 


from David J Miller 


THE physics agenda for the large electron- 
positron machine (LEP), now being con- 
structed at the European Organization for 
Nuclear Research (CERN), was first cir- 
culated in the late 1970s. At that time the 
Z? and W* were entirely theoretical par- 
ticles, but they were needed by the elec- 
troweak theory of Glashow, Salam and 
Weinberg to carry the weak part of the 
force. Now that these particles have both 
been discovered by experimenters using the 
proton-antiproton (pp) collider at CERN, 
and after the other developments of the 
past six years, what should the goals of 
LEP be? John Ellis convened a Physics 
Jamboree at CERN on 19 March 1985 to 
examine this question. Similar answers 
came from the five working-groups that 








reported: we must test the validity of the 
standard model theories at energies where 
they might begin to break down, and we 
must probe for the explanation of their 
many arbitrary parameters. 

The important feature of an electron- 
positron (e*e^) machine like LEP, com- 
pared with the existing pp collider, is that 
there are no spectator particles to com- 
plicate the main event. Although Z? and 
W+ particles can be found in pp collisions, 
thorough investigations of their properties 
will only be possible with an ete” 
machine. Guido Altarelli (Rome) review- 
ed the precision studies that can be made 
when the ete” energy 1s around 94 GeV, 
equal to or just above the 279 mass. In this 
energy region nearly all reactions will go 
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via a resonance centred at the Z? particle 
and LEP becomes a 'Z? factory'. Every 
possible pair of particle and antiparticle 
into which the Z? can decay will be pro- 
duced at roughly comparable rates — for 
example, the heavy tau leptons; the rare 
and heavy beauty quarks or the everyday 
down quarks. Although the rarer quarks 
and leptons are much heavier than the com- 
mon ones, their partner neutrinos all seem 
to be very light, so the Z? could decay to 
particle-antiparticle pairs of new neutrinos 
that are the partners of still undiscovered 
quarks and leptons. This should allow us 
to prove the number of generations of 
heavier and heavier sets of quarks and lep- 
tons that still remain to be found ‘after 
the ‘beauty-top-tau’ generation. Altarelli 
reported a technique which the LEP ex- 
perimental teams believe they can use to 
make a definitive measurement of the 
number of neutrino types, and hence the 
number of generations, since there seems 
to be one neutrino per generation. This 
would require only ten days of experimen- 
tal running when LEP has achieved its 
planned beam intensity. 

Although the Stanford Linear Collider 
(SLC) in California, now also under con- 
struction, may be the first ее” machine 
to produce the Z^, its initial detector will 
probably not be good enough to make this 
particular measurement. Some of the other 
physics around the Z? mass will probably 
be investigated first by SLC groups, but it 
will require very patient and precise work 
to check all the predictions of the elec- 
troweak model — particularly to measure 
the higher-order corrections to its funda- 
mental constant, the Weinberg angle. Here, 
the cross-checks between SLC and the four 
LEP experiments will be important. 

Wilfred Buchmuller (CERN) described 
the feasts in store when we finally pass the 
toponium threshold — the energy at which 
toponium, a bound state of a top quark 
with an anti-top quark, can be created. Last 
year the UAI experiment at the pp collider 
gave an estimated mass for the top quark 
of between 30 and 50 GeV, but no indepen- 
dent confirmation has yet appeared for this 
rather imprecise result. Toponium may 
therefore be found anywhere from the pre- 
sent limit of 43 GeV, set by the experiments 
at the PETRA e*e- collider in Hamburg, 
to the highest possible LEP energy. It 
should have many of the properties of the 
two well-established positronium-like 
quark-antiquark states, the J/psi (charm- 
anticharm) and the upsilon (beauty- 
antibeauty). Although toponium should 
have more excited states than the J/psi and 
the upsilon, all but the lowest of them will 
be impossible to resolve, even if they lie well 
below the Z? mass. If they lie close to the 
79 mass, the physics could be extremely 
complicated since the Z? and toponium 
states would behave like nearby resonances 
coupled to the same input channel. They 
would have opposite phases, so toponium 
would appear not as localized bumps in the 
cross section but as narrow dips on the 
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shoulder of the larger Z° bump. Because 
of the greater mass of the top quark, 
toponium will be a smaller system than 
either J/psi or upsilon, and its detailed 
level-structure will give evidence for the 
behaviour of the quantum-chromodynamic 
potential at very short range. Other ways 
of investigating quantum chromodynamics 


-in e*e7 annihilation and the scattering of 


virtual photons from virtual photons, were 
reviewed by Ahmed Ali (DESY, Hamburg). 

The totally new effects that might appear 
once the natural energy scale of the weak 
interactions is reached were reviewed by 
John Ellis (CERN). The cause of the large 
masses of the W* and Z^, together with 
the generations of heavy quarks, is one of 
the great open questions in current theory. 
These masses may be generated by the 
Higgs-Kibble mechanism, which introduces 
a new heavy scalar particle that pervades 
space, modifying the vacuum and coupling 
most strongly to the heavy particles. No 
one has yet identified corresponding free 
Higgs bosons, although many strategies to 
look for them have been suggested, esp- 
ecially in Z? or toponium decay. But other 
more complicated theoretical schemes 
exist which would not necessarily need 
simple Higgs particles. If their thresholds 
are reached at LEP, the effects may be seen 
in anomalous events like the UAI mono- 
jets, which some have tried to explain in 
terms of supersymmetric theories (see J. 
Ellis, Nature 313, 626; 1985). 

Herwig Schopper, the director-general of 
CERN, announced that he plans an early 
upgrading of LEP from the initial (50 + 50) 
GeV LEP 1 machine, which starts work in 
1989, to the (100+ 100) GeV LEP 2. The 
only change needed would be to replace the 
accelerating radiofrequency cavities. Great 
progress has been made in developing the 
required superconducting cavities and some 
of them will even be included in LEP 1. 

Schopper’s announcement was par- 
ticularly interesting after the discussion of 
the physics to be done at LEP 2 energies 
(Roberto Peccei, DESY). The bankable 
study, which cannot be done on any other 
machine, is to produce W*W~ pairs 
directly via the fundamental couplings of 
electroweak theory. This gives yet another 
probe of higher order corrections. If the 
Higgs particle has not yet been seen, it will 
only be through such higher order elec- 
troweak studies that we will be able to dif- 
ferentiate between the different candidate 
models that generate masses. There is also 
more speculative work to be done at the 
higher LEP 2 energies, continuing the 
search for the effects of supersymmetry or 
for some new heavier scale of composite 
substructure that may underlie the present 
particles. The Jamboree showed that LEP 
has an even longer list than before of im- 
portant specific questions to answer. If 
there are surprises as well, it will be a 
bonus. се са Oo 
David J. Miller is in the Department of Physics 
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Ocean Drilling Program 


Shakedown and 


from the Leg 100 shipboard scientific party* 


THE Ocean Drilling Program (ODP), 
successor to the Deep Sea Drilling Project 
(DSDP), commenced its field operations on 
11 January 1985 with an 18-day shakedown 
and sea-trials cruise (Leg 100), departing 
from Pascagoula, Mississippi and arriving 
at Miami, Florida. The cruise came after 
an extensive conversion and overhaul of the 
newly chartered drilling vessel Joides 
Resolution. This drillship 1s 470 feet long 
and 70 feet wide with a displacement of 
16,596 tons; a derrick towering 217 feet 
above the waterline, and the ability to em- 
ploy a drillstring of 30,000 feet (9,146 m) 
in water depths up to 27,000 feet (8,632 m). 

Prior to the shakedown cruise, a seven- 
storey main laboratory structure, 
geophysics laboratory and a separate 
library and study area were constructed 
aboard the vessel. Additional scientific, 
office and storage space has been provided; 
major modifications to the ship's dynamic 
positioning system, which enables the vessel 
to maintain a relatively fixed position over 
the hole being drilled in the sea bottom, 
now enable long-based and short-based line 
systems, as well as the original ultra-short- 
based line system, to be used. The system 
is supported by 12 powerful 750 
horsepower thrusters, as well as by two 
main shafts each with six 750 horsepower 
motors. In addition, a 400-ton heave 
compensator, which keeps the drillstring 
stable relative to the seafloor, has been 
installed. These are only a few of the 
numerous modifications made to the 
original rig. 

The science laboratories contain a com- 
plete array of seagoing research equipment 
that will allow shipboard scientists to carry 
out a wide range of physical and chemical 
analyses on the core samples recovered by 
drilling. There are laboratories to study 
sedimentology, physical properties, palaeo- 
magnetics, chemistry, gas analysis, 
palaeontology, petrology, thin section, 
X-ray diffraction and fluorescence 
microscopy, scanning electron microscopy, 
and downhole measurements. In addition, 
facilities for photography, electronics, and 
refrigerated. core storage are available. 
While the ship is in transit between drill 
sites, digital single-channel seismics are re- 
corded and processed in the on-board geo- 
physics laboratory. There is also a research- 
oriented computer system which is designed 
to perform as many routine clerical and ari- 
thmetical tasks as possible. A pair of VAX 
computers serve as a central processor and 
data library for 50 microcomputers distri- 
buted throughout the laboratories. 

During the inaugural cruise, three holes 
were drilled at site 625, near De Soto 
Canyon, west Florida Shelf (see figure). 
The scientific objectives were to document 














sea trials 


the sedimentological, palaeontological, 
geochemical, geotechnical and geomag- 
netic characteristics of the sedimentary 
sequences, and to correlate alternating sedi- 
mentary and erosive sequences to world- 
wide changes in sea level over the past 
several million years. The principal opera- 
tional objectives were to test the rotary 
advanced piston coring (APC), and ex- 
tended core barrel (XCB) drilling and 
coring systems, and to familiarize the 
drillship's crew with core handling and 
sampling procedures. 

The deepest of the three holes drilled was 
€25B, which penetrated to 235.2 m sub- 
bottom. This hole was continuously cored 
with the APC system through 197.1 m of 
Plio-Pleistocene section. The XCB sytem 
continued to termination depth in the 
Lower Pliocene. At the third hole (625C), 
an attempt was made to obtain a complete 
section of the uppermost Quaternary by 
overlapping the HPC cores taken in the 
previous hole between 5 and 44.5 m sub- 





Location map for site 625. 


bottom. A visual comparison between the 
overlapping piston cores indicates that the 
sequences in each are closely matched. On 
the basis of physical properties and mag- 
netic susceptibility data, we believe that no 
more than about 10 cm of material remain- 
ed unsampled after the double HPC cor- 
ing. Since this operation was accomplished 
in hostile sea conditions, it clearly 
demonstrates the usefulness and impor- 
tance of the heave compensator. 

During Leg 100, the onboard scientific, 
drilling and operational equipment was 
tested, under varying sea conditions and 
generally performed to, or even exceeded, 
expectations. A fairly large number of ad- 
justments or redrrangements of equipment 
were required but the minor nature of these 
is illustrated by the fact that the ship was 
able to depart on 31 January, after only 
two days in port, for the first fully opera- 
tional, internationally staffed cruise of the 
Ocean Drilling Program, Leg 101. DB 


*P.D Rabinowuz, W J Merrell, L Garrison, R Kidd, A 
Асатѕоп, С Auroux, J Baldauf, B. Clement, R Merrill, A 
Meyer, А Palmer and Е Taylor, Ocean Drilling Program, Texas 
A&M University, College Station, Texas 77843, USA 
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Split-gene evolution 


NEWS AND VIEWS 


Exon shuffling and intron 


insertion in serine protease genes. 


from John Rogers 


EVER since the discovery of split genes, 


there has been a debate about why they are 
split. This can be resolved into three 
separate problems: the origin of the introns 
that split the genes (separating exons from 
each other), the role of introns in 
evolution, and their present function, if 
any (for example, refs 1-3). Ideas on these 
matters can be tested against the serine 
proteases (proteins that have particularly 
clear patterns of domains**) now that more 
than a dozen of their genes have been 
sequenced. In agreement with one hypoth- 
7 esis, the different domains are encoded in 
separate exons, some of them apparently 
transferred from unrelated genes. But it is 
also clear: that new introns have been 
inserted at various times in evolution. 
Discussions of the role of introns in 
evolution have centred round ideas of 
‘exon shuffling’, in which exons are 
supposed to be units in the evolutionary 
rearrangements of genes!?. One should 
bear in mind that exon shuffling, however 
advantageous in the long run of evolution, 
cannot explain the origin of introns, nor 


does it amount to a present-day function 


for them. Nevertheless, there has been 








Two species of suctorian ciliate protozoa from a revision of the genius Acineta and its morpho- 
logical relatives by C.R. Curds (Bull. Br. Mus nat Hist. (Zool.) 48, 75; 1985). a Acineta gammari, 
lateral, end and top views and ciliated larva (far right); b Acineta dentata. Bars are 10 um. 


considerable interest in the idea that some 
exons encode protein domains, or at least 
coherent structural motifs, which would be 
good material for evolution by exon 
shuffling. Thus, they could be subject to 
duplications within a gene, as has 
happened in several genes such as that for 
fibronectin" (and the serine proteases — 
see below). In addition, exons could be 
transferred between unrelated genes to 
create new,proteins out of old domains. 
Attempts to validate this more interesting 
possibility have not been successful. For 
example, the nucleotide-binding fold of 
metabolic enzymes is not encoded 
separately?*, and the amino-terminal 


, signal peptide of secreted proteins, which is 


often more or less contained in a single 
exon, is too variable in sequence for its 
ancestry to be reliably traced. But good 
evidence of exon shuffling is now available 
from the exon/intron organization of the 
serine protease genes. 

The serine protease superfamily^? in- 
cludes digestive enzymes (such as trypsin), 
enzymes of the blood-clotting and:comple- 
ment cascades and various other polypep- 
tide-processing enzymes such as the 
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kallikreins. (To escape from the semantic 
jungle of ‘pre’, ‘pro’ and ‘gen’ terms, I use 
the names of the active forms of these 
molecules.) New serine proteases have been 


arising by gene duplications for most of' ` 


biological history. Those just mentioned 
probably diverged more than 500 million 
years ago, and there are even more 
divergent homologues in bacteria??. The 
protease domain itself is activated by 
cleavage from a larger precursor. The non- 
enzymatic portion often includes various 
structurally distinct domains with particu- 
lar physiological functions. 

Exon shuffling is best illustrated in the 
5' halves of the dozen sequenced genes, as 
shown in the figure. In each case, the 
coding region outside the protease domain 
is split by at least one intron in phase I of 
the reading frame (see figure) and the 
various extra domains within the region are 
encoded by separate exons or groups of 
exons, also separated by introns in phase I. 
Itis presumably this coincidence of phasing 
that has permitted the assembly of diverse 
exons and the tandem duplications of some 
of them. An example is the kringle domain 
(so named because of its topological 
resemblance to a traditional type of 
Scandinavian cake). The region of the gene 
that encodes the kringle, flanked by phase I 
introns, has been duplicated independently 
in the genes for thrombin!®, tissue 
plasminogen activator!! and plasmin!? (not 
shown). This has happened even though 
the domain has different internal splicing 
patterns in these three genes!™!? (intron 
insertion?), and even though the donor 
splice site following the kringle seems to 
have been replaced by a splice site that is 
nine codons further downstream in the 
gene for uPA, another serine protease? 
(intron sliding). 

The tPA gene contains another two 
exons which, as reported by Ny et al.!!, 
provide the first example of exon transfer 
between otherwise unrelated genes. The 


' third coding exon, unique to tPA, encodes 


a disulphide-linked ‘finger’ that is homo- 
logous to the tandemly repeated ‘fingers’ 
of the fibronectin molecule!^. In fibro- 
nectin, each ‘finger’ is encoded in a separ- 
ate exon®, and although their boundaries 
have been mapped only approximately, the 
one example sequenced does have a poten- 
tial splice site in a position precisely 
equivalent to that in tPA. Thus, the tPA 
exon seems to have come from a fibro- 
nectin gene. The fourth coding exon of tPA 
encodes a region óf homology to epidermal 
growth factor (EGF)!^ a homologous 
exon is duplicated in the gene for clotting 
factor IX}5, This exon may have come from 
a gene like the EGF gene, which contains 
several EGF-like segments in separate 
exons (G. Bell, personal communication); 
but any firm conclusion must await the 
sequencing of the EGF gene. Even further 
back, the fibronectin-related and EGF- 
related exons of all these genes may have 
had a common origin, as all three exons 
encode sequences approximating to Cys- 
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X-Cys-X-X-9% 5,-K-K-Gly-X-X-Cys near 
their 3' ends!4, 

The domain that encodes the protease 
activity itself sheds light on the origin of 
introns. As in several other superfamilies, 
the positions of introns are different in 
different genes, and the question is whether 
this results from insertions or excisions. 
Clearly introns can be excised, at least in 
mammals!:!6!7; that they can also be 
inserted, at least in invertebrates, is sug- 
gested by the apparently random position- 
ing of introns in invertebrate gene families 
such as actin!$ and myosin!?, but this idea 
has never been proved. The different serine 
proteases, which are also pre-vertebrate in 
origin, show an unambiguous history of 
intron insertions (see figure). 

This is clearest within the trypsin family 
(middle five lines in the figure), the family 
tree of which, as deduced from protein se- 
quences, is shown at the left. These genes 
all have three introns in common. As one 
follows the branches ofthe family tree, new 
unique introns appear in the different 
genes — one extra in tPA and uPA, two 
extra in chymotrypsin and three extra in 
elastase. It seems that the shared introns 
were also inserted, as the introns in the 
trypsin family are entirely different from 
those in thrombin, and almost all are dif- 
ferent from those in complement factor B. 
Such unrelated patterns could hardly have 
arisen by random deletions of introns. 
Therefore, most or all of the introns in the 
protease domain have been inserted. (The 
only apparent exceptions are the two 
introns of the factor IX protease domain, 
which match introns in elastase and factor 
B, respectively. But according to the 
amino-acid homologies, the first of these is 
in a segment that may have come from a 
chymotrypsin- or elastase-like gene by re- 
combination, while the second isin aregion 
of weak and uncertain relationships.) 

Given that these introns have been 
inserted, do their positions show us 
anything about how or why this happened? 
Some regularities can be discerned. For 
one thing, the figure suggests that new 
insertions tend to occur near the middle of 
pre-existing exons. Thus a gene evolves 
towards a uniformity of exon size. This has 
been noted independently for the elastase 
gene!’ and for genes in вепега!820, Another 
regularity??! is that many of the introns 
map to surface loops, and particularly to 
variable-length loops, in the protein 
structure. Craik et al. 52^? suggested ways 
in which this length variation could be 
caused by the presence of the introns, for 
example by substitution of alternative 
splice sites (intron sliding). Another possi- 
bility now worth considering is that introns 
generate length variation because they are 
inserted inaccurately. As introns do not 
resemble any known transposable 
elements, one can speculate that a new 
intron might be included as part of a longer 
insertion, or might be induced when an 
insertion activates a cryptic splice site 
that 1s nearby. 
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Structures of the coding parts of serine protease genes. The family tree as deduced from protein 
sequencing>.9.26 is summarized schematically at left, the dashed branches being tentative. FIX is 
human clotting factor 1Х!5; THR, human thrombin! (gene structure not reported for regions shown 
dashed); tPA, human tissue plasminogen activator!!; uPA, pig urokinase!?; KAL, mouse kallikrein; 
TRY, rat trypsin (gene structures are identical for two trypsin genes2? and four kallikrein genes, 
including nerve growth factor subunits27:28); CHY, rat chymotrypsin 029; ELA, rat elastase!9 (two 
similar genes); CFB, human complement factor В?0 (the exons shown are preceded by other, non- 
homologous exons); HAP, human haptoglobin?3; Exons are shown as boxes shaded according to 
their homologies. Sequences with no discernible homology to each other are in black. Introns are not 
to scale, but their phase relative to the reading frame is indicated, according to whether they follow 
the first (I), second (IH), or third (0) nucleotide of a codon. РА 


Оп the other hand, some introns are іп 
conserved coding regions, and these 
include some of the most striking cases of 
independent insertions into the same 
region. Thus, five genes in the figure 
contain an intron that is 14-21 codons into 
the protease domain, but at least three of 
these are in different positions relative to 
codons for conserved amino acids. Even 
more remarkable, the penultimate introns 
in complement factor B and elastase fall in 
the same conserved glycine codon, but one 
nuceotide apart. These coincidences 
cannot reasonably be explained by intron 
sliding; this would require vanishingly 
improbable coincidences of mutations in 
order to shift an intron within a conserved 
coding region, or to shift the phase of an 
intron. The non-random positions of these 
introns seem to imply either sequence 
specificity at the insertion, or selection 
following it, for reasons that are still 
mysterious. The methodological lesson, 
however, is clear. Correlation of introns 
with protein structure'? does not, per se, 
tell us whether the introns are original or 
recent additions. 

A final puzzle is presented by the gene 
for haptoglobin”, a member of the super- 
family but not known to have protease 
activity?. Although this gene has plenty of 
introns in its 5' half, dividing duplicated 
phase I exons as in the other genes, there 
are no introns in the 3' half, which encodes 
the protease-like domain. This could 
represent the condition of the ancestral 
serine protease gene, intronless-like genes 
of bacteria. Alternatively, it could 
represent a much more recent processed 
gene, derived from the messenger RNA ofa 
split serine protease gene via reverse tran- 
scription, which became attached to a dif- 
ferent split gene. A similar history has been 








postulated for part of the (unrelated) 
clotting factor VIII gene?4; this mechanism 
has also been proposed as a general way of 
evolving new proteins”. Processed genes 
arecommon only in mammals", so if oneis 
incorporated either in haptoglobin or in 
factor VIII, the gene from which it was 
derived may still be present and detectable 
bynucleic acid hybridization. o 
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NEWSAND VIEWS 


Discordance in layered intrusions 


Лот R.S.J. Sparks 


LAYERED intrusions are the frozen remains 
of magma chambers. Their distinguishing 
characteristic 1s a vertical variation in 
mineral abundance, giving rise to a hori- 
zontal layering superficially resembling that 
seen in sedimentary rocks. The study of 
their geology and petrology has played a 
central role in the development of ideas on 
the origin of magmas. Intrusions such as 
the Skaergaard in Greenland provide 
almost perfect natural examples of crystal- 
lization under closed-system conditions. 
Other intrusions, such as Rhum in Scotland 
and Stillwater in Montana, record the 
history of long-lived open-system magma 
chambers. The classic method of investi- 
gating a layered intrusion is to collect 
samples through the stratigraphy and to 
document variations in the composition 
and abundance of minerals. Usually one 
vertical section has been taken to represent 
the entire intrusion. In a recent paper, J. 
R. Wilson and S. B. Larsen! describe the 
first comprehensive two-dimensional study 
of a layered intrusion — the Fongen- 
Hyllingen intrusion in Norway. The rela- 
tionships they report provide important 
new facts which any theory on the origin 
of layered intrusions must seek to explain. 
Detailed geological mapping and system- 
atic petrology provide the key to under- 
standing large layered intrusions, which 
typically cover areas of hundreds of square 
kilometres. This kind of study is thus a sub- 
stantial and time-consuming enterprise. In- 
deed a layered intrusion often becomes as- 
sociated with one particular scientist who 
may have devoted considerable time to its 
study; perhaps the most notable link is bet- 
ween L.R. Wager and the Skaergaard in- 
trusion. Wilson and colleagues at Aarhus 
University in Denmark have devoted over 
fifteen years to investigating the Fongen- 
Hyllingen intrusion and they have now pro- 
duced one of the most significant studies 
of a layered intrusion for many years. 
The variation in mineral composition 
Observed in these intrusions is termed 
cryptic layering, whereas the presence or 
absence of minerals defines the phase layer- 
ing. On the scale of outcrops, the layering 
is made visible by small changes in the rela- 
tive abundances of minerals, here termed 
modal layering. Wilson and Larsen docu- 
ment dramatic lateral variations in mineral 
composition and show that the modal 
layering observed in the field is strongly 
discordant to crytpic and phase layering. 
The Fongen-Hyllingen intrusion was 
emplaced as a sill-like body at 12-20 km 
depth during the Caledonian orogeny, 
roughly 425 Myr ago. The intrusion and its 
metamorphosed envelope of basic and 
pelitic country rocks are now part of a 
nappe complex and prolonged erosion has 


exposed a longtitudinal cross-section 33 km 
in length. The northern part (the Fongen 
and Ruten Series) has the greatest strati- 
graphical thickness (6.2 km) and is com- 
plicated by folding. Primitive ultramafic 
rocks occur at the base of the sequence and 
there are many reversals in the mineral 
compositions, a certain sign of an open- 
system magma chamber. The southern part 
(the Hyllingen Series) consists of 3.6 km of 
modally layered rocks. and is documented 
in detail by Wilson and Larsen. 

Both the floor (the western margin) and 
the roof (the eastern margin) are exposed 
in the Hyllingen area. Geological mapping 
reveals intimate interfingering of country 
rock with layered rocks in the southern 
region. Swarms of huge country-rock 
inclusions, with individual metabasic xeno- 
liths up to 1 km long and a few hundred 
metres wide, are found throughout the se- 
quence. The layering is completely undis- 
turbed by these xenoliths and they seem to 
be in their original positions rather than 
having fallen in from the roof or walls. The 
igneous rocks are highly evolved ferro- 
gabbros and ferrodiorites, with quartz- 
bearing syenites occurring next to the roof. 
Minerals include olivine, Ca-rich and Ca- 
poor pyroxenes, amphibole, plagioclase, 
Fe-Ti oxides, zircon, apatite, biotite and 
allanite. The very high Fe/Mg ratio of 
ferromagnesian minerals shows that all the 
rocks have crystallized from highly dif- 
ferentiated magmas. In any one vertical 
profile four stages of magma evolution can 
be recognized. Stage I is an unlayered gab- 
bro. Stages 11 and IV record initial open- 
system behaviour with relatively constant 
mineral compositions followed by progres- 
sive differentiation. Stage 111 in the mid- 
dle of the sequence records a major reversal 
with minerals gradually becoming less 
fractionated towards the top of the section. 

The most important results of the study 
are the recognition of lateral variations in 
mineral compositions, which are almost as 
great as those recorded in vertical profiles 
and provide evidence by changes of mineral 
abundances on millimetre or centimetre 
scales. These layers strike north-south, 
parallel to the floor and roof with no dev- 
lation at the southern contact or locally 
around enormous xenoliths. However, 
mineral compositions (defining cryptic 
layering) change dramatically along the 
strike with minerals becoming more evolv- 
ed towards the southern margin. For ex- 
ample, at the boundary between stages 111 
and IV the olivine and plagioclase vary 
from Fo,;: Ang to Fop: Ang over a 10 
km strike length. The stage boundaries 
are parallel to field layering, showing 
that changes in the differentiation trend 
occurred simultaneously at the same 
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stratigraphical level. With eleven separate 
vertical profiles Wilson and Larsen have 
been able to contour lines of constant 
mineral composition. The contours are 
discordant to the modal layering by angles 
which are typically 20° but are as much as 
90? at the southern margin. As described 
in their preliminary account?, boundaries 
recording the appearance of new cumulus 
minerals (zircon and apatite) are also highly 
discordant to the rhythmical layering. 

Conventionally, the visible modal layer- 
ing is thought to represent the trace of the 
ancient magma-chamber floor and there- 
fore each layer is a time-plane. If this is so 
then the implication of the discordance is 
that the magma chamber must have been 
compositionally stratified throughout its 
evolution. Wilson and Larsen argue that 
the dramatic lateral gradients and the lack 
of disturbance of layering by xenoliths 
eliminate crystal settling. They believe that 
the crystals grew in situ along the floor. 
They propose that the floor was gently 
tilted so that increasingly differentiated 
magma in a zoned chamber was in contact 
with the floor in the (southerly) upslope 
direction. Thus, the minerals systematically 
change composition and new phases appear 
up the slope. Addition of magma from the 
north complicated the picture by elevating 
the zoned magma column and causing 
gradual reversals as lower and more 
primitive magma migrates up the slope. A 
more elaborate model, based on the work 
of Irvine, Keith and Todd?, envisages 
lateral accretion of layers, in which 
the field layering, mineral-composition 
layering and the accretion front (the 
time-plane) are all discordant. 

Recent petrological literature contains 
several new ideas on the processes that 
form layered intrusions. Several workers 
have argued that double-diffusive 
convection plays an important role’. 
There is also field and theoretical evidence 
that compaction of cumulate piles and 
post-cumulus migration of melt” can lead 
to changes in mineral compositions, which 
further complicates interpretations of their 
petrogenesis. Irrespective of the merits of 
recent thinking and speculation, the 
discoveries of major lateral variations and 
discordances in layered intrusions must be 
central facts on which different hypotheses 
will succeed or founder. Wilson and 
Larsen's work should herald a new phase 
of research in layered intrusions, in which 
documentation of lateral changes will be as 
important as vertical variations. a 
1 Wilson, JR. & Larsen, S B. Geo! Mag. 122, 97 (1985) 
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5 Muppert, Н Р А Sparks, RSJ A Rev Earth planet Sci, 
6 Toon TS А Gustafson. L.B Econ Geol 7). eae 
7 ичте, T.N in Physics of Magmatic Processes (ed. R 


Hargreaves) 325 (Princeton University Press, 1980). 
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Has inductive probability 
been proved impossible? 


SIR—The interesting letter by Popper and 
Miller! and the subsequent correspon- 
dence™* leaves in some doubt the question 
whether a proof of the impossibility of 
inductive probability been given. As this 
would be a remarkable achievement, it is 
no criticism of these authors that we raise 
this question again. In our view the answer 
is a clear “No”. We shall follow your other 
correspondents in not burdening the dis- 
cussion with references to extensive earlier 
literature. Р 

The key elements іп the Popper- Miller 
(PM) argument are: first the evidence e, 
when found, counter-supports the impli- 
cation hee of a hypothesis h by the 
evidence; and second, this is due to the 
negative nature of that part of the support 
for h < e arising from e which is not purely 
deductive. From this type of considera- 
tion, PM infer the impossibility of induc- 
tive probability. In both the original PM 
and the following discussion, the part 
played by the negation @ was not con- 
sidered explicitly. Yet it is helpful to do 
so in showing what is going on in these 
arguments, as will now be explained. Two 
basic results, to be formulated as 
"theorems", are useful preludes to this 
explanation. 


Theorem A 

p(h < ele) « p(h < ee) + p(hle)p(é) 
= p(he e)« p(h eld) - 1 

p(h v e|&)  p(h v ејг) + p(Alé)p(e) 
-p(hve)szp(hvele)-1 


(1) 


Theorem B The following have the same 
sign: 


p(hle) — p(h) = p(h|e)p(a) — p(h|é)p(é) 
= p(h|a)p(a) – р(А|е)р(ё) 
= p(h) - p(h|e) Q) 
and 
p(h|z) - p(h) = p(hl2)p(e) - p(ije)pCe) 
= p(h|e)p(e) — p(hlé)p(e) 
= p(h) — p(h|). (3) 


Theorem A shows the origin of theorem 
1 of PM that 


p(hee)»p(heeje) — Gfp(e) 1) 


(4) 


as follows. The underlined terms are posi- 
tive, so that (4) could be incorporated in 
(1). Note that p(h < е) = p(hv ё) allows 
for the possibility of & which possibility 
is ruled out by the assumption that e has 
occurred. This makes the inequality (4) 
intuitive as a logical necessity (which is 
incidentally independent of any inferen- 
tial relation between e and A). 

Since he e=hvé, ё must "support" 
hee maximally, or p(h« е[г) = 1. It is 











intuitively to be expected, therefore, that 
e "counter supports" й < e. These state- 
ments interpret Theorem A (an extension 
of theorems 1 and 2 of PM). 

Theorem B shows relations between 
four "support" functions whose definition 


s(h, e) = p(h/ e) - p(h) (5) 


was introduced into the correspondence 
by Jeffrey’. They are shown as differences 
in different ways. Adopting the nomen- 
clature of your correspondents (which is 
possibly misleading), we call the under- 
lined terms — "non-deductive". Тһе 
introduction of negations is again helpful 
here, for they show, using (5), that the 
“non-deductive” part in (2) appears with 
a positive sign (support) in s(h, e), but 
with a negative sign (counter support) in 
s(h, e). Similarly for (3). Thus the remark 
by PM that all probabilistic support is 
purely deductive requires some different 
definition of these terms or some restric- 
tion on their interpretation. 

Theorem B also tells us something very 
reasonable about the function (5): 


s(h, e) 20 implies s(h, 8) <0, 


s(h, e) <0, s(h, 8) 20 (6) 
while s(h, e) <0 implies s(h, 2) > 0, 
s(h, e) 20, s(h, ё) «0 (7) 


In words, if e supports h then it counter- 
supports h, and also & counter-supports h 
but supports h. The converse is given by 
(7). 

The above considerations explain, we 
hope, some of the results obtained by PM, 
by your correspondents and by us. They 
do not really go beyond basic facts such 
as: hv e follows deductively from e, hv e 
follows deductively from e, together with 
probability algebra. In that sense, they are 
obtained by strict deduction and have 
nothing to do with induction. It is for these 
reasons that we have to give the answer 
"No" to the question in the title. 

J. WISE 

P. T. LANDSBERG 
University of Southampton 
Southampton SO9 5NH, UK 
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4 
POPPER AND MILLER REPLY—In 
1878, Peirce drew a sharp distinction 
between “explicative, analytic, or deduc- 
tive" and "amplifiative, synthetic, or 
(loosely speaking) inductive” reasoning. 
He characterized the latter as reasoning in 
which “the facts summed up in the con- 
clusion are not among those stated in the 
premisses”. This was the background to 
our brief letters (refs 1, 2 in Wise and 
Landsberg’s letter). We identified the 
amplifiative part, relative to any evidence 
e, of any hypothesis h, with the conditional 
proposition й «е; and we proved quite 








SCIENTIFIC CORRESPONDENCE“ 


generally that if p(h, e) #1 ¥# p(e), then 
s(hee,e)-—ct(h,e)et(e) «0 (1) 
where 


s(x, y) = p(x, y) - p(x) 
and 


ct(x, y) =1—p(x, y). 

Accordingly, the (*amplifiative") part 
of the hypothesis A that goes beyond the 
evidence e is always counter-supported by 
the evidence. This was our thesis. (The 
other part, which we wrote hv e, is of 
course a deductive consequence of e, and 
is deductively supported by e) Both the 
measures of support and of content are 
additive: 


s(h,z) = s(hve,z)ts(h« e,z) (2) 
ct(h, z) = ct(h v e, 2)  ct(h e e, 2) (3) 


(Equations (2) and (3) are valid for all h, 
e and z, and thus for z— e) Wise & 
Landsberg note that there are other 
ways of writing s(h,e) in the form 
s(x, e) - xs(y, e) ; for example 


s(he)-—-s(hve,e)* -s(he ee) (4) 


This equation (4) is a simplification of 
their formula (2). It can be obtained by 
substituting h for h in our (2) above, and 
multiplying by —1. Obviously, neither h v e 
nor h < e is part of the content of h. Thus 
we fail to see how our (4)—that is to say, 
their (2)—can possibly challenge our 
thesis, or have any bearing whatsoever on 
it. 

KARL POPPER 
Fallowfield, Manor Close, 
Penn, High Wycombe, 
Buckinghamshire HP10 8HZ, UK 

DAviD MILLER 
Department of Philosophy, 
Unwersity of Warwick, 
Coventry CV4 7AL, UK 


Gastric cancer and salivary 


nitrate and nitrite 

Str — Forman ef al.' reported lower 
salivary and nitrite levels in healthy subjects 
from areas of Great Britain with high 
gastric cancer incidences, compared with 
subjects from areas of that country with 
low incidences of this cancer. These unex- 
pected findings were used to argue against 
the theory?? that the intra-gastric forma- 
tion of carcinogenic N-nitroso compounds 
(МОС) from nitrite is involved in the 
aetiology of gastric cancer. Although this 
theory remains controversial, I have three 
objections to the suggestion that the results 
presented by Forman et al. disprove the 
NOC theory. 

(1) A lower nitrate intake was reported! 
in the diet of the high-risk subjects, which 
accounted for their lower levels of salivary 
nitrate and nitrite. Since most dietary 
nitrate (76-89% in this study) arises from 
vegetables, which supply much of our 
dietary vitamin C, the high-risk subjects 
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probably ingested less vitamin C than did 
those from the low-risk areas. Hence the 
high-risk subjects could have produced 
more intra-gastric NOC, despite their lower 
salivary nitrite levels. The relevant property 
of each vegetable may be the ratio of 
vitamin C to nitrate content, and not 
nitrate content alone‘. The intake of fresh 
fruits and vegetables is negatively cor- 
related with gastric cancer incidence’, sug- 
gesting that the critical components here are 
vitamin C and other nitrosation inhibitors. 

(2) The same argument applies to socio- 
economic class, since the ‘‘lower’’ classes 


have relatively high incidences of gastric 


cancer? and showed lower salivary nitrate 
and nitrite levels in the reported study’, 
but would be expected to consume less 
vitamin C in fresh fruits and vegetables. 

(3) Forman et dl. reported lower salivary 
nitrate and nitrite levels in cigarette 
smokers than in nonsmokers, as did Ladd 
et а1.5. Both groups attributed this finding 
to the high level of salivary thiocyanate in 
smokers. Smokers have raised incidences 
of various types of cancer, possibly in- 
cluding gastric cancer!?. Some of these 
cancers are likely to be induced by NOC 
in tobacco smoke or produced m vivo from 
smoke constituents®. These findings in 
smokers do not, as suggested!, discredit 
the NOC theory because thiocyanate is a 
powerful catalyst of nitrosation’ and we 
might therefore expect smokers to show an 
increased NOC formation, despite their 
lower levels of salivary nitrite. 

In 1981 Ohshima and Bartsch® 
developed a method of measuring the 
potential for in vivo (probably intragastric) 
nitrosation. They fed nitrate and the amino 
acid L-proline to volunteers, and detected 
microgram amounts of the noncarcinogenic 
nitrosamine, N-nitrosoproline, in the 
24-hour urines. Using this test, Ladd et 
al reported that smokers given nitrate 
and proline indeed had a greater urinary 
excretion of nitrosoproline than did non- 
smokers, despite the smokers’ lower 
salivary nitrate and nitrite levels. Similar 
nitrosoproline data were reported by Hoff- 
mann and Вгиппетапп?. These findings 
prove that salivary nitrite levels cannot be 
used to predict the potential for intra- 
gastric NOC formation. 

In conclusion, it is interesting that 
salivary nitrate and nitrite levels follow the 
opposite trend to that expected from the 
NOC theory. However, in vivo nitroso- 
proline formation??? offers a more valid 
test for potential in vivo NOC formation 
and the exposure to nitrosation inhibitors, 
such as vitamin C, and catalysts, such as 
thiocyanate, must be taken into account. 
(The role of vitamin C was addressed in ref. 
1, but with a different emphasis.) 

SIDNEY S. MIRVISH 
Eppley Institute for Research in Cancer, 
University of Nebraska Medical Center, 
Omaha, Nebraska 68105, USA 
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FORMAN ET AL. REPLY — In our study, we 
did not set out to disprove the theory ''that 
the intragastric formulation of carcinogenic 
N-nitroso compounds (NOC) from nitrite 
is involved in the aetiology of gastric 
cancer’’, but rather to test the hypothesis 
“that an increase in nitrate exposure may 
represent an increased cancer risk". We 
agree with Mirvish that the negative rela- 
tionship we observed between salivary 
nitrates and nitrites and gastric cancer 
could be due to an association between the 
consumption of vitamin C (or other pro- 
tective factors in vegetables) and the con- 
sumption of nitrates and suggested this in 
our paper. We agree, too, that the increas- 
ed secretion of thiocyanates by smokers 
might account for the increased risk of 
gastric cancer in cigarette smokers that has 
been reported in several series. We clearly 
stated in the paper that our results do no 
more than **weigh against the idea that en- 
vironmental nitrates and nitrites play a ma- 
jor role in determining the risk of gastric 
cancer in Britain?! and we emphasised that 
this should not ‘‘be taken to imply that 
nitrate-related N-nitroso compound car- 
cinogenesis has no role in the development 
of gastric tumours”. Our conclusion is sup- 
ported by the recently published results of 
Beresford showing that in Britain the risk 
of gastric cancer 1s negatively correlated 
with the nitrate content of the water supp- 
ly in over 200 urban: areas (Int. J. 
Epidemiol. 14, 57-63; 1985) and by our 
observations on men producing nitrate fer- 
tilizers, who are certainly exposed to 
unusually large amounts of nitrates, and 
whose mortality from gastric cancer is 
almost identical with that experienced by 
other men in the same part of Britain (our 
work, in preparation). 
It is clear that whatever the role of NOC 
in human carcinogenesis may be, direct ex- 
posure to nitrate per se, does not appear 
to be a critical risk factor in the United 
Kingdom. We agree that im vivo 
nitrosoproline formation has the potential 
for a useful test of in vivo NOC formation 
and are ourselves conducting more research 
in this area. 
DAVID FORMAN 
SAMIM AL-DABBAGH 
RICHARD DOLL 

ICRF Cancer Epidemiology 

and Clinical Trials Unit, 

Gibson Building, 

The Radcliffe Infirmary, 

Oxford OX2 6HE, UK 
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Spreading rate of an 
Arctic ice shelf 


Sir — In connection with problems of 
creep and à propos the work of Doake and 
Wolff! on the flow law for polar ice 
sheets, Weertman? calls for measurements 
of the spreading rate of the Ward Hunt Ice 
Shelf, Ellesmere Island, Arctic Canada. 
This was an oversight on Weertman's part 
because, when I was in charge of field 
operations in the area for the Canadian 
(Defence Research Board, I arranged for 
"such measurements to be made under the 
supervision of Dr G. Konecny, then of the 
Univeristy of New Brunswick. 

The work was performed with a geo- 
dimeter during the field seasons 1964, 1965 
and 1968, and the data were analysed in 
detail by Dorrer?, who derived a value of 
1.17 x 10-4 уг! for the spreading rate 
where the mean thickness of the ice shelf 
was 38 m. Weertman now agrees that both 
Doake and Wolff's ice shelf data and Dor- 
rer's ice shelf data appear to go against a 
linear creep law. 

G. HATTERSLEY-SMITH 
British Antarctic Survey, 
Natural Environment 

Research Council, 

High Cross, Madingley Road, . 
Cambridge СВЗ ОЕТ, UK 
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Powers of ten correctly 
expressed 


SIR — Claude Liébecq (Nature 314, 586; 
1985) thinks that an ordinate with figures 
ranging from 0 to 10 and labelled 
“Radioactivity (c.p.m. х 10-3)” is label- 
led incorrectly if, for example, one of the 
values included is 5,000 c.p.m. It is indeed 
labelled incorrectly if one thinks of the label 
as an equation in the form ‘‘Radioactivity 
= 5,000 x c.p.m.". But if, with more 
logic, one thinks of the words written ver- 
tically simply as a label describing what the 
figures are, then *'c.p.m. x 10-7?" is 
correct. : 

In other words, instead of substituting 
“*5”’ for the *'c.p.m."' in the expression 
“c.p.m. X 10-7?" (giving the incorrect 
“Radioactivity = 5 x 10-2”), one may 
understand the ordinate to mean *'c.p.m. 
x 10-3 = 5",or “с.р.т. = 5 x 10”. 

Clearly, the meaning of the ordinate can 





to be agreement on how to read it. I sug- 
gest that the words on the ordinate be view- 
ed, as I believe they already are.by a ma- 
jority of my colleagues, simply as a label 
describing the figures, and not as part of 
an equation. 

PETER LUYKX 
Department of Biology, 
University of Miami, 
Coral Gables, 
Florida 33124, USA 





be read in different ways, and there ought- * 
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COMMENTARY 


Prospects for an ageing population 


Jrom Jacob A. Brody 


The ageing populations of industrialized societies are more likely to be encumbered by 
increased morbidity than some optimistic arguments would suggest. 


OLiver Wendall Holms, American 
physician-poet, likened human ageing to 
the obsolescence of a **one-hoss shay”. 
Two metaphors of ageing: 

Have you heard of the wonderful one-hoss shay, 
That was built in such a logical way 

it ran a hundred years to a day, 

And then, of a sudden, it. 


You sec, of course, if you're not a dunce, 
How it went to pieces all at once, 

All at once, and nothing first, 

Just as bubbles do when they burst 


End of the wonderful onc-hoss shay. 

Logic 15 logic. That's all I say 

In stark contrast are W.B. Yeats’ lines in 
the poem “Sailing to Byzantium"’: 
Consume my heart away; sick with desire 
And fastened to a dying animal 

It knows not what it is 

HUMAN lifespan, or survival potential’, 
cannot be less than 110 to 115 years; some 
humans have survived that long. It 1s even 
possible that lifespan will be found to ex- 
ceed this estimate, perhaps by a con- 
siderable amount. Life expectancy, on the 
other hand, the average of the years of life 
from birth or other stated age, is a projec- 
tion based on accumulated data!. In the 
United States, life expectancy is now 71 
years for males and 78.3 years for females, 
an average of about 74 years for both 
sexes’, This discrepancy between life ex- 
pectancy and lifespan, about 40 years, is 
a matter of legitimate concern. 

What are the prospects for the years 
ahead? in an influential article published 
in 1980, J.F. Fries? postulated that the 
mean age of death, or the average poten- 
ual hfe expectancy, would eventually 
become 85 years, with 95 per cent of deaths 
occurring between ages 77 and 93. This 
consideration is not easily reconciled with 
current life expectancy in the United States, 
which at age 85 15 6.3 years and at age 91 
remains 4 years‘. Most other authors*’ 
and the Social Security Administration? 
have therefore concluded that average life 
expectancy will increase to more than 85 
years within a century. Yet, Fries describes 
his conclusions as: ‘‘a set of predictions 
that contradict the conventional anticipa- 
tion of an ever older, ever more feeble, and 
ever more expensive-to-care-for populace 
These predictions suggest that the number 
of very old persons will not increase, that 
the average period of diminished physical 
vigour will decrease, that chronic disease 
will occupy a smaller proportion of the 
typical lifespan, and that the need for 
medical care in later life will decrease.” 
This conclusion offers a comfortable solu- 
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tality reduction occurred — improved liv- 
ing environments and better sanitation were 
the major factors in the decline. 

Among those aged 65 and over, mortali- 
ty had declined by barely 5 per cent by 1920 
(Fig. 15), an indication that the older 
population was resistant to whatever fac- 
tors caused the conservation of life in the 
general population. By about 1945, 
however, half of the decline in mortality 
among those 65 and over in this century 
had been completed. The era between 1920 
and 1945 was an historic onc in the United 
States — including the Second World War, 
the Depression, the beginning of Social 
Security and Prohibition. While any 
number of influences may have caused the 
decline of mortahty by 1945, specific 
medical or social interventions are unlike- 
ly to have been major contributors. 

During the period from 1945 to about 
1968, when it may be thought that medical 
and social factors should have been reduc- 
ing mortality rates for the entire popula- 
tion, the overall rate was generally un- 
changed, with an actual increase in mor- 
tality among those aged 65 and over. This 
seems to have reassured policymakers and 
planners and, in a sense, lulled them into 
the false assumption that the maximum 
potential for human life expectancy had 
been achieved!?. Yet since about 1968, 
mortality rates have persistently declined 


Center for Health Statistics, various volumes of | Declining mortality among those 65 and 


Vital Statistics of the United States. 


over has been remarkable, causing a 
disproportionate accumulation of the 
oldest and most vulnerable sector of the 


tion as a daunting problem to health . population. 


policymakers and fiscal planners, but may 
engender a dangerous optimism. Here | 
present a less simplified account of the 


Can this recent trend be ascribed to 
medical and social interventions? Un- 
doubtedly they have had some impact, par- 


balance between mortality and morbidity ! ticularly by the application of medical 


in this century and the next. 


Mortality reduction 

In 1900, only a quarter of the US popula- 
uon survived to the age of 65. Now almost 
70 per cent achieve this age, and the pro- 
portion of those aged 80 and over is 30 per 
cent and increasing’. Within a very few 
ycars, about half the population will live 
more than 80 years. But the pattern of 
reduction in mortality has not been smooth 
over time, or easily exphcable. Figure 10 
shows that the mortality rate per 100,000 
for all ages fell from 1,720 to 868 between 
1900 and 1980. Half of the remarkable 
decrease observed this century had been 
complete by about 1920. Neither physicians 
nor social planners were prime movers in 
the period during which the greatest mor- 


means for the reduction of blood pressure 
and, in the United States, by the improve- 
ment of medical care through Medicare and 
other health-insurance programmes. There 
has also been reduction in smoking and 
some improvements in diet and exercise; 
while the scientific demonstration of the 
benefits of diet and exercise is fragile, 
presumably some good comes from an in- 
telligent and moderate approach to eating 
and activity. But careful analysis of the 
data about the powerful determinants of 
human health and longevity, such as the 
avoidance of smoking and the use of anti- 
hypertensive agents, reveals that neither of 
these influences can explain either the ex- 
tent or the timing of the decline of mor- 
tality in the elderly since 1968!!. The ma- 
jor impact of blood-pressure control and 
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reduced smoking has yet to be fully realiz- 
ed, so there are likely to be even greater 
gains in life expectancy in future years. 

Yet, actuarial arguments such as those 
used by Fries, as well as the projections of 
the Social Security Administration, serve 
as the cornerstone of major policy deci- 
sions. My own discomfort with this ap- 
proach stems from my conviction that we 
do not have satisfactory answers to the 
questions of what has brought about this 
dramatic mortality decline of the last few 
decades, and of what still sustains it. 

In the past 150 years, there have been 
mayor shifts in the causes of mortality and 
morbidity which have profoundly influenc- 
ed attitudes towards public health and 
policy. Important diseases have disap- 
peared or diminished, but for the most part 
we do not know why. Many of the great- 
est medical trrumphs are not easily at- 
tributable to our own constructive 
action!?, 

Tuberculosis was the chief cause of death 
in the United States and northern Europe 
at the turn of the century, but even by then 
there had been a very rapid decline 1n mor- 
tality from tuberculosis since 1856 (Fig. 2). 
The tuberculosis bacillus was first identified 
in 1882, and specific therapies for tuber- 
culosis were introduced only in the late 
1940s These developments were, therefore, 
of small importance in the decline of the 
disease. Similarly, for reasons not 
understood, deaths from scarlet fever 
declined precipitously from 1870 to 1900, 
although the sulpha-drugs and penicillin 
were not in common use until the Second 
World War. Moreover, surprising shifts in 
causes of death are not confined to diseases 
of infectious aetiology The rate of mor- 
tality from accidents among the elderly has 
declined rapidly since 1950'3 as have 
deaths from stroke and stomach cancer", 
while conversion hysteria, one of Freud’s 
most frequent diagnoses, seems to have 
vanished. 

One phenomenon that has, however, had 
a great impact on health trends and thus 
on current attitudes is the remarkable 
decline since the late 1960s in mortality 
from ischaemic heart disease'? which, in 
my opinion, created a false sense of op- 
timism about the extent to which we are in 
control of our survival!!6, Heart attacks 
appear to be a twentieth-century medical 
chimaera. There 1s no real mention of the 
classical heart attack or myocardial infarc- 
tion before 1900: the generally accepted 
first reference 15 Herrick's in 1912". It 15 
possible but unlikely that the medical pro- 
fession missed the diagnosis of myocardial 
infarction or systematically misclassified it; 
the extraordinarily dramatic nature of a 
heart attack, with its crushing chest pam 
and pain radiating down the left arm make 
it a notable event Surely our authors and 
playwrights would have described an event 
so frequent and dramatic as we now 
witness, but there are no good descriptions 
of heart attacks in a literature rich with ac- 
counts of gout, epilepsy, apoplexy and 
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Fig. 2 Respiratory tuberculosis in the total 
population Source. Mean death rates from 
various diseases, England and Wales, 1860-1960. 
From ref 45 


tuberculosis. It is probable that acute 
myocardial infarction was projected into 
prominence by circumstances arising early 
in this century, probably associated with 
the introduction of cigarette smoking and 
different types and amounts of fat in the 
diet. Mortality from heart attacks has 
declined rapidly in the United States since 
1968, but this decline has not occurred 
throughout the world. In Sweden’? and 
Japan? there has been no comparable 
decline, although life expectancy ts greater 
than in the United States. 

Mortality from heart attacks increased 
during a period when general mortality was 
declining. Cause-specific mortality shifted 
early this century from infectious diseases 
to chronic diseases and now half of all 
deaths are caused by heart disease, a large 
fraction of which result from acute myocar- 
dial infarction. After the Second World 
War, the decline in mortality ended, and 
was followed by a plateau and then a rise 
(Fig. 1). This may have resulted from an 
abatement of the forces that had reduced 
mortality early in the century, and an m- 
crease of mortality from heart attacks. 
Acute myocardial infarction, however, ap- 
pears to have been a chance phenomenon 
which, while causing serious damage, 
depended for its maintenance and increase 
on tenuous and complex factors, certainly 
including smoking and diet The rapid 
decline in deaths from acute myocardial in- 
farction began ın the late 1960s and it 1s 
likely that United States age-specific mor- 
tality rates since 1900 would have shown 
a smooth steady decline over the entire 
years had it not been for the shifting pat- 
tern of mortality from this cause. 

So this underlying momentum for hfe ex- 
tension seems not to be determined by a 
decline in cause-specific mortality, but 
rather to be part of a pattern in which the 
potential lifespan 15 ever more closely at- 
tamed But concomitantly with increased 
longevity, there has also been a steady in- 
crease in average height of successive 
generations for more than a century Gains 
in growth probably result from the reduc- 
tion in infectious diseases and from better 
nutrition jn the formative years. There is 
evidence, in some populations, that growth 
may now have reached a plateau”. 

It 1s hard not to think that there must be 
a relationhsip between these phenomena. 


NATURE VOL 315 6 JUNE 1985 


Each generation is more closely ap- 
proaching the human growth potential and 
this process is apparently reflected in 
successively-improved trajectories for sur- 
vival. Therefore, studying the past history 
of disease and mortality data can yield on- 
ly fragile guesses about human survival. 

The problem is further compounded 
because 17 per cent of current deaths in the 
United States occur in people born before 
1900, before the era of complete and ac- 
curate vital statistics, so we do not have 
complete data from even a single cohort 
upon which to base projections. But it 1s 
a fact that older people are living longer’. 
Moreover, no other species has ever had 
our potential for controlling our environ- 
ment, so that the limits of life expectancy 
or maximum attainable longevity are not 
known. There are no empirical data of 
great value to instruct us on the limits of 
these unprecedented happenings. 


Disability 

Life expectancy is increasing at a 
remarkable rate among the elderly, but are 
their lives more satisfactory? Scientific 
documentation of quality of life and life 
satisfaction i5 elusive. Present data indicate 
a modest gain in healthy years lived and a 
far greater increase їп years of compromis- 
ed physical, mental and social func- 
tion?21-4, Тһе net increase m survival 
translates into more years of ill health. 

Logically, greater longevity should be 
associated with increased years of good 
health, but critical studies are insufficient. 
Limited evidence is accumulating in current 
studies of successive aged cohorts. But 
there are no data suggesting an age-specific 
decline in deafness, blindness, hip fracture, 
osteoarthritis and Alzheimer's disease and 
related disorders?. 

We lack methods to measure the 
prevalence of good or compromised health. 
A promising measurement of health in 
terms other than of disease and death?’ is 
“active life expectancy", the endpoint be- 
ing the loss of independence in daily life. 
This study documented a substantial 
decline in active life expectancy between age 
65 and 84. Men were shown to die shortly 
after losing independence, while women Iiv- 
ed on with diminishing functional abilities 
suggesting that, in the future, as male pat- 
terns more closely resemble those of 
females, the number of person-years lived 
after active life expectancy will further in- 
crease. Currently, limitations of activity 
due to chronic health conditions, m the age 
groups 65 to 74 years, 75 to 84 years, and 
85 years and older are 41 per cent, 51 per 
cent, and 60 per cent, respectively An- 
nual rates of admission to short-stay 
hospitals per 1,000 population for these age 
groups are 299, 451, and 507, and the rates 
of admission to nursing homes per 1,000, 
for the same age groups, are 15, 68, and 
216 If populations were appropriately 
studied over time, a pattern of increased 
active life expectancy might emerge. 

Time/trend analysis of health status, 
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Fig. 3 Projected number of hip fractures annual- 
ly m the United States by age 1980-2050 Source. 
NCHS and US Bureau of Census projections. 


however, is unreliable. Colvez and 
Blanchet?’ found a disturbing rise in mor- 
bidity and disability since 1957, as did a re- 
cent Veterans Administration. study”. 
Wilson?', of the National Center for 
Health Statistics, commenting on the Col- 
vez and Blanchet report, questions the 
ability “оѓ health statistics to reflect what 
might really be happening to health 
status," He offers plausible explanations 
for the observed increases in morbidity and 
disability including artificially high results 
caused by increased sensitivity of the 
screening instrument, to a change in at- 
titude towards self-reporting as a result of 
more liberal retirement benefits for health 
reasons and improved survival of the 
chronically Ш (1mplying that the increase 
of morbidity is real). All this merely em- 
phasizes that there are not sufficient data 
to reach conclusions about whether people 
are indeed enjoying better health. Increas- 
ed public health awareness further con- 
founds interpretation of trend analysis. For 
instance, as education about hypertension 
increased in the United States, more peo- 
ple had blood pressure determinations 
which are a key item in a health-status ques- 
tionnare, so that the rate of reported 
hypertension has іпсгеаѕей29-30, 

Longitudinal studies, in which subjects 
are regularly examined over time, avoid 
some of the obvious weaknesses of the se- 
quential and cross-sectional surveys but are 
few in number and, because of the cost and 
logistical problems, follow only relatively 
small cohorts. Yet intelligent health policy 
rests on such research data. Nobody 
seriously doubts that the disease burden in- 
creases with age. It is essential, however, 
to monitor morbidity, disability and even 
the quality of life to determine the trends 
of health as life expectancy increases 


Population 

The dangers of misinterpreting data are 
matched by those of presuming knowledge 
that does not exist. The combination of in- 


creasing life expectancy and maturation of 
the **baby-boom" population will produce 
extraordinary increases in the numbers of 
older people in the United States. Within 
about 40 years (by 2025), the population 
65 and over will rise from 11.3 to 20 per 
cent of the total and will comprise about 
60 million individuals. By 2050, the popula- 
tion 85 and over will have risen from about 
2 million to more than 16 million’. In 10 
years, more than half of the people now ag- 
ed 65 and over will be aged 75 and over. 
When we now lament that our medical and 
social systems cannot at present provide for 
those 65 and over, we forget that it is after 
age 75 that health problems increase 
sharply? A concerned government should 
focus on the realities of the future, not be 
seduced by fragile notions that the numbers 
of very old people will not increase, that 
impairment of physical vigour will decrease 
and that the result will be the need for less 
medical care in later Ife’. 

Three specific examples illustrate 
physical, mental, and social reahties that 
will occur in the United States unless 
miraculous advances in science and health 
management develop in the very near 
future. In 1980 there were approximately 
200,000 people with hip fractures whose 
median age was 79. Census projections in- 
dicate that by the year 2000, before the age- 
ing of the '*baby-boom"' population, the 
number will have risen to 330,600 and, by 
2050, to more than 650,000, including 
340,000 over age 85 (Fig. 3). 

In 1980 there were more than 2,000,000 
people with Alzheimer's disease and related 
disorders whose mean age was about 80 
years. By the year 2000 the number will rise 
to 3,800,000 and by 2050 there will be more 
than 8,500,000, of whom almost 5,000,000 
will be age 85 and over (Fig. 4). 

There are now about 1.1 million people 
age 65 and over in nursing homes whose 
median age is about 80. By the year 2000, 
the number will rise to 2,200,000 and in 
2050 a conservative estimate projects a total 
of 5,400,000. 


Prospects 
Unlike the '*one-hoss shay", the human 
body outlives its joints, its cognitive and 
memory capacities, its vision, its hearing 
and the many other substrates of disabili- 
ty While concern is limitless, there is at 
present no accepted scientific prospect that 
the net increase in healthy years will exceed 
the increase of years of dysfunction We 
are, however, far short of reaching the 
potential of better health and quality of hfe 
m later years. Two vehicles offer promise: 
health promotion through the improvement 
of personal health practices throughout 
life, and major research efforts to under- 
stand and postpone the ageing processes 
that inexorably move the elderly into an in- 
creasingly morbid and disabled state. 
The value of health promotion, involv- 
1ng people in self-care and in achieving 
wholesome lifestyles is obvious, but a crisis 
of credibility 1s emerging in the pursuit of 
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Fig. 4 Projected number of demented persons 
in the United States by age: 1980-2050. Source, 
NTA prevalence estimates and US Bureau of 
Census projections 


this goal. One hazard is overstating 
knowledge when scientific evidence is weak 
or lacking. In the face of the growing 
numbers of old and very old people, we 
must admit that we do not know causes of, 
and cannot prevent, most chronic 
diseases"; only a fraction of the cancers, 
heart diseases, strokes, neurological 
diseases and arthritides are understood, and 
we know virtually nothing about the causes 
and prevention of the senile dementias that 
afflict 20 per cent of people 80 years of age 
and older”. 

Nobody doubts that smoking and ex- 
cessive drinking are harmful. Data substan- 
tiating the importance of effective treat- 
ment of high blood pressure are robust, and 
at least one study has shown that lowering 
cholesterol levels 1s beneficial’, Data 
relating to exercise, weight control, special 
diets and salt restriction in the absence of 
hypertension are much less persuasive. Nor 
do we know how great would be the reduc- 
tion in morbidity and disability if we pro- 
duced a population of paragons. Indeed, 
with almost 70 per cent of the US popula- 
tion now surviving their 65th year, data of 
Branch and Jette indicate almost no 
association between most of the common- 
ly advocated personal health practices and 
mortality among the elderly. To maintain 
our credibility, we have an obligation to ad- 
mit our ignorance of causation and our 
propensity to engender guilt and anxiety 
among the elderly in areas in which the 
benefits of specific preventive techniques 
аге not scientifically documented! 6. 

Another area of health promotion that 
requires rethinking 1s behaviour modifica- 
чоп through health education. Although 
considerable benefits may be achieved by 
altering lifestyles, the results so far have 
been uneven and equivocal?35, There may 
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be a systematic obstacle i in health educa- 
tion related to an individual’s educational 
* level. The classic US study by Kitagawa and 
. Hauser shows a distinct survival advantage 
among the better educated? and is sup- 
ported in the current literature^^!, А re- 


cent British investigation reported similar. 


findings?, noteworthy because medical ' 


services have been available free in Britain 
Since 1948. í 
Education (and its concomitants, all of 
which are harder to measure) has a power- 
ful effect on life expectancy. People with 
minimal education may not be reached by 
the available means of health education. 
Elimination of smoking, moderation of 
alcohol consumption, diet control and 
other attemps at modification of lifestyle 


will have by-passed this less well educated . 


: group, which continues to inflict needless 


self-harm. We need a new direction in- 


behaviour modification through health 
education, with the primary target being 
those with fewer years of education. We 
may be wasting much of our resources by 
failing to modify clearly harmful health 
practices in this inaccessible high- tisk 
subpopulation. 

In research, it is important: that we 
should place emphasis on conditions that 
become more prevalent with ` ageing, such 
as blindness, deafness, Alzheimer’s disease, 
acute and chronic heart disease, diabetes, 
and hip fracture, and that we should 

‘develop mechanisms to postpone them. 
This approach has increasing value as life 
expectancy reaches or passes 85 years, as 
illustrated with ‘hip fractures and the 
associated osteoporotic process.. Our 
data? indicate that’ hip fractures start to 
rise in frequency in the early forties and 
thereafter increase exponentially, doubling 
every 6 years (Fig. 5). If research on bone 
metabolism could provide a mechanism for 


delaying osteoporosis so as uniformly to, 


\ 


postpone the onset of the exponential rise, 


‘in hip fracture, the incidence of this con- 
dition would be reduced by 50 per cent“. 
Research directed at the precursors of 
disability is the most effective tool to pre- 
vent chronic disease and: attendant 
disabilities. 

The most urgent need is of an understan- 
ding of human natural history beyond age 


65, using the emerging data on elderly 


„populations. The increase in life expectan- 
cy among the elderly is unprecedented in 
human history and probably relates to 
longer survival trajectories for successive 
cohorts rather than to specific disease con- 
trol. The causes of the systematic altera- 
tion between 1900, when 25 per cent.of the 
population survived their 65th year, and 
1980, when almost 70 per cent did so, 
demands explanation. ‘ 

Meanwhile, ih our state of ignorance, 

making assumptions with major policy im- 
plications is dangerous. When we speculate 
in good faith, but on a basis of soft data 
and with projections that human history 
has already denied, we run the risk of ig- 
noring Hippocrates’ basic admonition that 
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Fig. 5 Age-specific hip fracture incidence among white womeri. Source: National Hospital Discharge 


‘Survey 1975 to 1979. 


“the physician must be able to tell the 
antecedents, know the present and foretell . 
the future — must meditate: these things, 

гапа have two special objects ih view with 
“regard to diseases, namely, to, do good or 
to do no harm.” у 
Parts of this paper were presented ata 
University of Connecticut Symposium and . 
„will appear in the Philosophy and Medi- 
cine Series by D. Reigel Publishing 
Company. T iei g 
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Mass distribution in the galactic centre 
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E. Serabyn & C. H. Townes 


Department of Physics, University of California, Berkeley, California 94720, USA 





New infrared and submillimetre spectroscopic measurements of the gas dynamics in the central 10 pc of our Galaxy make 
a convincing case that the mass distribution at the centre of the Galaxy is more concentrated than a spherical isothermal 
stellar cluster. The measurements fit a point mass of ~4 x 10° Мо but are also consistent with a cluster where stellar 
density decreases with radius (R) at least as fast as R~*’, or a combination of a point mass and a stellar cluster. The 
dynamical information combined with previous 2-um observations favour a large point mass, which is presumably a massive 


black hole. 





THE possible existence of massive black holes at the nuclei of 
galaxies is an 1mportant long-standing question. The lack of 
spatial resolution has limited the work in external galaxies, and 
the observational difficulty in establishing a reliable answer to 
this question even in our own Galaxy is quite formidable. The 
centre of our Galaxy is obscured visibly, and material along the 
line-of-sight to the centre hampers radio investigations. Here 
we discuss new information on the gas dynamics їп the galactic 
centre, available from spectroscopy in the infrared and submil- 
limetre regions. This new information allows a determination 
of the rotational velocity of the interstellar material between 
~0.5 and 10 pc from the centre and gives some discrimination 
between possible mass distributions. The observations entering 
into the analysis comprise a large body of data which adds 
considerable detail to our knowledge of the velocity and mass 
distribution in the central 10 pc of our Galaxy. These data will 
be presented and discussed in detail elsewhere". Here, we 
provide a brief summary of our present understanding of the 
galactic centre based on these new results. Distance to the 
galactic centre is assumed to be 10 kpc. 


Previous observations of inner 10 pc 


Figure 1 indicates the distribution of interstellar gas and dust 
in the inner 10 pc of our Galaxy”* High-resolution Very Large 
Array (VLA) maps? show that much of the free-free radio 
continuum emission from Sgr A West, the radio source in the 
galactic centre, is distributed in large-scale filamentary structures 
which may be spiralling into or out of the galactic centre, or 
orbiting around 1”. There is also an unusual radio point source 
(Fig. 1, refs 8, 9), whose position almost exactly coincides with 
the infrared source IRS16 which is very close to if not at the 
dynamical centre of the Galaxy!?!!, Spectroscopic measure- 
ments of the ionized gas show hydrogen and helium with a 
velocity range of 1,500 km s ' within 3 arcs of IRS16 (refs 12, 
13). At 10-20 arc s from IRS16, measurements of singly ionized 
neon" and of hydrogen recombination lines" indicate substan- 
tially lower velocities. A statistical analysis based on the velocity 
dispersion of Ne rr-emitting clouds as a function of distance 
from IRS16 implies that a point mass of ~3 x 10M combined 
with an isothermal stellar cluster (density oc R^?, where R is 
the radius) is a more probable mass distribution for the centre 
than a R™ stellar cluster, but the level of significance of this 
result is not high'^. ' 

Far-infrared continuum observations indicate that a ring or 
disk of neutral dust and gas surrounds the centre from a radius 
of ~2 рс outward and that inside this region dust and gas is of 
substantially lower average density’. These data (Fig. 1) imply 
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that the neutral dust disk is oriented approximately in the plane 
of the Galaxy such that two lobes representing the inner edge 
of this disk appear on either side of the ionized region, 
apparently encompassing it. Far-infrared measurements of the 
О 1 fine structure line at 63 um show that this disk rotates around 
the galactic centre, with an axis approximately that of general 
galactic rotation". Emission from Н, molecules at 2 рт indi- 
cates that the disk contains hot (—2,000 K) gas, which is prob- 
ably shock-excited!5). Radio observations of the 21-cm Н line 
and the 1-0 rotational line of CO show that cooler material in 
the disk extends to 26 pc from the centre??. 


New data on galactic centre 


New spectroscopic results provide a much more detailed 
dynamic picture of the ionized gas features by a more complete 
examination of Doppler shifts of the 12.8- ит Ne 11 fine-structure 
line. A much clearer picture of the velocity distribution in the 
neutral disk out to —10 pc from the galactic centre comes 
through mapping of various far-infrared lines, including: (1) 
fine-structure lines of O° in the ground state (at 63 and 146 мт); 
(2) the fine-structure line of C* at 158 рт; and (3) the J 2756 
rotational transition of CO at 372 рт. The От and Сп data 
were taken on the Kuiper Airborne Observatory with a Fabry- 
Perot spectrometer, the Ne 11 line with a Fabry- Perot-grating 
spectrometer using the IRTF telescope on Mauna Kea, Hawaii’, 
and the 7-6 transition of CO with a newly developed 
heterodyne spectrometer, also at the IRTF*. 

Ionized streamers. New spectra of the Ne I1 line were taken at 
110 different locations with 1.5-6-arcs resolution, principally 
along the structures in the VLA radio continuum map. The 
questions of interest were whether the velocities of the filamen- 
tary structures are continuous and characteristic of material in 
systematic motion, and which arms of the various streamers are 
parts of the same dynamic structures. The results and their 
interpretation are discussed in detail in ref. 1 (see also ref. 15) 
and are summarized here. 

There are at least two long, coherent streamers of ionized gas. 
Their velocities and spatial patterns suggest that the gas follows 
simple orbits around the galactic centre, although there are some 
deviations from a smooth velocity pattern, As proposed by Lo 
and Claussen’, the arc of ionized gas extending from ~30 arcs 


. south of IRS16 to ~15 arcs west of the centre continues further 


north to ~30 arcs north of the centre (the ‘western arc’ in Fig. 
1) Velocities of the 16 spectral-line centres at approximately 
equally spaced positions along this ~180° arc vary linearly with 
declination from —100 to +100 kms !, with more-or-less ran- 
dom deviations of —7 kms! r.m.s. This corresponds to what 
one expects from the projection of a rotating circle of radius 
1.7 pc and rotational velocity of 110 km s^! made up, however, 
of individual clouds that are not following precisely the same 
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orbit. This rotational velocity allows for the observed ellipticity 
of the arc, which makes the axis of this circle tilted with respect 
to our line of sight by ~70°. Its extremes lie at the inner edge 
of the neutral dust and gas disk detected in far-infrared con- 
tinuum and line radiation!?". As the rotational velocity and 
projected linear velocity gradient agree with those of the neutral 
gas at the inner edge of the neutral disk, the western arc is 
probably the ionized inner surface of the disk. The rather clear- 
cut circular orbit of the western arc allows a determination of 
the enclosed mass. If the mass distribution within 1.7 pc is 
spherical, it contains 4.7 +1 x 10* Mo. That the circular orbit is 
ionized and hence visible in Ne II over only about half of its 
circumference may result from shadowing of a central ionizing 
source. The shadowing cloud may be, for example, the ‘northern 
arm’, which could interrupt ultraviolet radiation west of the 
centre. 

The northern arm (Fig. 1) 1s another long structure which 

appears to be a continuous kinematic feature, with velocities 
varying from 137 km s^! on the northern end to about zero at 
the declination of the centre. The average change of velocity 
with distance along this feature is three to four times greater 
than along the western arc. Hence, this gas feature is closer to 
the dynamical centre. The velocities in the northern arm reach 
a maximum of 137 km s^! at a projected distance of 15 arcs 
(0.75 pc) from IRS16, suggesting that —4 x 10° Мо would have 
to be enclosed within this radius if this feature were a circular 
orbit. However, the significant curvature of the velocity curve 
of the arm indicates that the gas feature is not at constant radius, 
so that a simple circular orbit analysis is not appropriate. A 
quantitative examination of the velocities and positions shows 
that the ionized gas in the northern arm is well described by an 
eccentric orbit about a point mass, such as a parabola, hyperbola 
or elongated ellipse. Deviations from such a fit are ~2 km s^! 
r.m.s., and velocities seem to vary continuously, suggesting an 
elongation of a single cloud. The inferred orbit passes within 
0.5 pc of the central mass of 3.5 x 10$ Мо located within a few 
arc s of IRS16. The other model which is of particular interest 
here is an orbit in an isothermal cluster; such an orbit fitting 
the measurements of tbe northern arm still requires a mass of 
—3.4 x 105 Mo within a radius of 0.5 pc; hence a mass ~11.5 х 
10° Mo would lie within 1.7 pc, substantially exceeding the mass 
observed within that radius. It follows that most of the mass 
contained inside the outer orbit at R — 1.7 pc (the western arc) 
is also within ~0.5 pc of the centre. This mass distribution can 
result from either a central point mass or a stellar cluster more 
concentrated than an isothermal cluster, with density falling off 
steeper than R~?’. 
Neutral material. We have examined the velocities of the neutral 
material extending from ~30 arcs to several minutes of arc, or 
710 pc from the galactic centre in the far-infrared and sub- 
millimetre regions with 30-60-arc s angular resolution. The most 
recent and improved О І measurements are described in detail 
elsewhere by R.G. et al?, the Си results by J.B.L. et al? and 
the CO J 27-6 results by А.Н. et al^. 

The relative intensities of the two O I fine-structure lines and 
the C I1 line, as well as the relative intensities of various CO 
rotational lines^^, show that most of the neutral material is in 
clumps with a hydrogen density near 10° стг? and a gas tem- 
perature near 300 K. The total mass of the gas in the neutral 
disk within —5 pc is a few times 10* Me, and «1096 of the 
volume is filled by high-density gas. Maps of intensities of these 
lines show that the galactic centre gas disk is tilted by —20? with 
respect to the galactic plane and may be quite thin (thickness 
x] pc). 

The velocities of all far-infrared and submillimetre emission 
lines are blueshifted at negative galactic longitudes and 
redshifted at positive longitudes, with a sharp transition at the 
centre position. The distributions of integrated line intensities 
and absolute values of the velocities as a function of longitude 
offset are very similar on either side of the centre. Rotation is 
the simplest gas motion fitting this symmetrical distribution and 
the other observed characteristics of the data. From the orienta- 
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Fig. 1 Sketch of gas in the central 10 pc of the galactic centre. A 
VLA map of the 2-cm thermal radio continuum emission at a 
resolution of 2.5 arc s? is indicated by the solid contours. Dotted 
contours give the far-infrared continuum emission from warm 
dust?^!$, The galactic plane is marked by diagonal line with ticks 
every pc. In addition to the filaments marked, the bar ıs the structure 
stretching from north-west to south-east ~ 10 arcs on either side 
of the radio point source. 


tion of the disk of gas, noted above, and from the velocities 
measured, the rotation axis must be near that of the general 
galactic rotation. The velocity at R — 1.7 pc determined from 
the O 1 and CO measurements 1s in excellent agreement with 
the orbital velocity of the western arc. The spectra indicate that 
velocities decrease with increasing distance from the centre. The 
velocities at the peaks of the profiles are +70 km s^! at R 2 pc 
on respective sides of the centre, and decrease over the next 
several parsecs to +50 km s^! at 6 pc and +27 km ѕ! at 10 pc. 
Beyond ~10 pc, the velocity patterns become less clear because 
the C п lines associated with the dense and warm material close 
to the centre become weaker and may be contaminated by 
radiation from other sources along the line of sight. A spectrum 
of the 1-O CO line at К = 4.5 pc (ref. 19) and two Ne п profiles 
taken at R —2.7 and 5 pc (ref. 20) also support the fall-off of 
rotational velocity between 2 and 10 pc. The rotation curve is 
consistent with a ‘keplerian (R~'/?)’ fall-off resulting from orbits 
around a point mass, and excludes an isothermal cluster. ' 

In addition to rotation, the neutral disk exhibits some non- 
systematic motion. For example, lines in many locations are as 
broad as 100 km s^!, and there is a separate blueshifted cloud 
(v= —20 to —80 kms"! with respect to the local standard of 
rest) away from the galactic plane north-west of the centre. 
Nevertheless, for distances greater than 1.7 pc, the measure- 
ments give clear evidence of an average rotation. At least some 
of the irregular motions result from a turbulent velocity disper- 
sion of the gas clumps. In the most central region, O 1 and CO 
lines show still larger widths, corresponding to velocities detec- 
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: Fig. 2 Enclosed mass as a function of radius from IRS16 The 
mass distribution 1s derived from several measurements of the 
kinematics of neutral and ionized gas discussed in the text With 
the exception of the mass enclosed within the northern arm from 
Serabyn and Lacy's fitting of eccentric orbits, all masses were 
derived assuming circular orbits: Мо = v?R/ С. Typical error bars 
are indicated. Velocities in the neutral disk were corrected for an 
angle between the rotation axis and line of sight (inclination) of 
69°, Rotational velocities of the neutral gas in the disk were derived 
from the terminal velocities (velocity at half maximum), corrected 
for a local ‘turbulent’ velocity dispersion of FWHM 50 km s^!. The 
large dashed diamonds above and below the measured points show 
where these data on the neutral gas would be without such a 
correction for non-circular motions, and where they would be if 
line centroids rather than edges were taken. Relative positions of 
the points within the dashed diamonds would be essentially 
unchanged. He 1, 2.1 pm (©); Ne п, 12.8 рт (6); O 1, 63 um (О); 
Сп, 158 рт (Ф); CO 72 6, 370 um (A), CO 15 0, 026 ст (A). 
The Ne i1 data are from refs 1, 14, 20; O 1 data from ref. 2, C r1 
from ref. 3; CO 7-6 from ref. 4; and CO 1 0 from ref. 19. The 
2-um He r data (from ref. 13) indicate that velocities of +750 km 57! 
occur in a region within a radius of 1-2 arc s, leading to the cross 
‘at К ~ 0.08 pc. The shaded diagonal bar indicates the mass distribu- 
tion of a cluster with 4.7 x 105 Mo within a radius of 1.7 pc and a 
radial dependence of enclosed mass R!? (from the 2-jum light 

distribution; refs 23, 24) 


ted earlier for Ne 11 and indicating that there is neutral material 
in many of the ionized clumps. Normally, the best estimate of 
the rotational velocities in an edge-on disk comes from the 
extreme (‘terminal’) velocities of the profiles. In the galactic 
centre, these edges are significantly broadened by the turbulent 
motions (Au, (FWHM) ~ 30-50 km s !). We correct for this 
broadening in our estimates of the rotational velocities. As 
indicated in Fig. 2, if turbulence of this magnitude is instead 


_ added to the average rotational velocity to calculate average 


kinetic energy, the mass contained inside a given radius would 
be increased for the neutral gas measurements, but the fractional 
rate of change of mass with distance in this region would not 
be affected. This general result for the fractional tate of change 
of mass results from the observed decrease in velocity with 
distance, which makes it relatively insensitive to details of line 
widths and turbulence. 


Discussion 


Figure 2, which shows the mass inside of various radii, gives 
an overview of the mass distribution in the galactic centre. We 
have derived the masses from the measured velocities assuming 
a spherical mass distribution. The maximum influence on thé 
derived rotational velocities of corrections for the noncircular 
motions in the neutral'disk are schematically indicated by large 
dashed diamonds. We choose the points as placed on Fig. 2, 
using the corrections stated in the legend, as giving the most 
likely mass values. For other choices, points within the central 
dashed diamond would approximately maintain their relative 
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positions but be moved with this diamond to its upper or lower 
positions, depending on one’s choice of corrections. In addition 
to the estimates for the disk, ‘western arc’ and ‘northern arm’, 
we have also indicated a mass estimate from the velocity disper- 
sion of eight Меп clouds within 8 arcs of IRS16 (from the 
earlier work by Lacy et al.'*). The line-of-sight velocity dispersion 
of the inner Ne 11 clouds, most of which are located in the ‘bar’ 
region, is c, = 145+50km 57! (ref. 14). We can estimate a mass 
from the data in Fig. 2 using the virial theorem (enclosed 
mass = 302 К/С; see ref. 14), which assumes the gas velocities 
represent.a steady-state distribution. (G is the gravitational 
constant.) This estimate is about the same as the mass determined 
from the highest velocity of these clouds (+260 km s^!) assuming 
circular motion. Finally, a mass estimate within 1-2arcs of 
IRS16 originates from the total width of Нет and H1 lines 
measured by Geballe et alP, with the assumption of circular 
motion. In contrast to the other measurements discussed above, 
it is not certain that the innermost Ne I1 and He I/H 1 velocities 
represent circulation or any simple orbits. The Ne r1 clouds in 
the bar region may be falling into the centre’, and'the He 1/H 1 
motions may result from an expanding wind from IRS16 (ref. 
13). Hence, these data should be given less weight in the deriva- 
tion of the mass distribution. 

Taken together, the large body of data shown in Fig. 2, 
measured with different methods and subject to different uncer- 
tainties and systematic effects, make a convincing case that at 
small radii the apparent mass approaches a constant. 

The measurements are consistent with a point mass of 4+1 x 
10° Mo, or a combination of a 3-4 х10° Mo point mass and a 
small stellar cluster (1-2 x 10° Mo within 2 pc and 5-10 x 10 Mo 
within 10 pc). They are also consistent with a stellar cluster and 
no point source if the stellar density decreases as fast or faster 
than А727, and thus exclude an isothermal (R^?) distribution. 
Some globular clusters and elliptical galaxies have radial density 
profiles as steep as R^?" or steeper’, Concentrated globular 
clusters such as M15, for example, have radial density profiles 
outside their core radii (—0.01-1 pc) which approximately fol- 
low a power law R^? with 2.4 < a « 2.8 (ref. 22) Such a gradient 
is consistent with the present data and the main difference 
between the present case and globular clusters would then be 
the higher central density and smaller core radius (~0.01- 
0.05 pc) of the galactic centre mass distribution. 

However, additional information on the stellar distribution 
in the galactic centre, available from observations of the 2.2-um 
stellar surface brightness distribution???^, makes it unlikely that 
such a concentrated stellar cluster dominates the mass in the 
central 2 pc of the Galaxy. The distribution of 2.2-um surface 
brightness drops off with КЮ ?? between 0.05 and 1.5 pc radius 
from IRS16 (ref. 24), and with R^?* between 1 and 30 pc (ref. 
23) implying a density approximately proportional to R^! ^, 
There is no sign of a flattening in the inward increase of surface 
brightness, even at the smallest scales observable (350.05 рс; ref. 
24). The slope of the 2.2-um emission line is less steep than that 
of a cluster in isothermal equilibrium, and certainly not steep 
enough to explain the spectroscopic velocity measurements. The 
shape of the 2.2-um light distribution combined with the 
dynamical information thus suggests strongly that the stars 
distributed similar to the 2.2-рт light do not contain the major 
fraction of the mass within 3 pc. Therefore, if the 2.2-рт light 
distribution in the centre is a measure of the total mass distribu- 
tion of stars, the mass concentration at the galactic centre 
probably results from a central point mass of —4 x 10° Me, most 
likely in the form of a single massive black hole. Note that the 
particular radial distribution observed for the stellar cluster 
would be a natural consequence of:a black hole that is more 
massive than the stellar cluster out to a given radius. Theoretical 
calculations show that a steady-state balancing between infall 
of stars towards such a hole and tidal disruption by the hole 
gives a stellar density distribution proportional to R^! ?5, similar 
to what is observed in the galactic centre”. 

There are several reasons why the evidence for a highly 
concentrated mass at the galactic centre surrounded by a less 
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massive stellar cluster could be misleading. For example, the 
2-um light distribution may not reflect the mass distribution of 
the galactic centre stellar cluster. The stellar mass distribution 
may be more concentrated towards the centre than indicated by 
the 2-j.m light if the stars emitting at 244m do not represent a 
major fraction of the stellar mass. However, the 2-шт light 
distribution is believed to measure the distribution of K and M 
giants and supergiants; these would normally be the more mass- 
ive members of the cluster and should be more concentrated 
than the cluster as a whole. 

A spheroidal or triaxial cluster would have velocities that 
decrease with distance from the centre rather than the simpler 
behaviour associated with spherical clusters. In the central plane, 
however, where velocity measurements are considered in the 
present study, although the ionized clouds are asymmetrically 
arranged, they contain little of the total mass and the distribution 
of gas around the galactic centre is rather symmetrical in both 
density and velocity. Hence, any extreme ellipticity in the stellar 
cluster that would give the observed velocity distribution seems 
improbable. A mild ellipticity of the mass distribution would 
not change the results qualitatively, but would only decrease 
the total amount of calculated mass. In the case of the northern 
arm, one might wonder whether some broadly distributed gas, 
providing friction to the orbit of any streamer of gas, can produce 
the curvature and accelerations observed. Quinn and Sussman?* 
have proposed such a distribution of hot gas as an explanation 
for the morphology of the ionized streamers in the galactic 
centre. The Ne п observations of the western arc and the north- 
ern arm, however, exclude the specific model proposed’, because 
the measured velocities are substantially different from those 
predicted by the model. Any more general friction-induced infall 
model is only possible if it can explain both the almost undis- 
turbed circular orbit of the western arc and the presence of 
clouds moving as fast as 260 km s^! (ref. 14) very near the 
galactic centre. 

If a black hole accounts for 4 x 10* Мо, the measurements in 
Fig. 2 allow a stellar cluster mass of only 1-2 х 10$ Mo within 
К —2 pc. The total luminosity of the cluster within this radius, 
which is deduced by assuming the 2-jum radiation represents а 
distribution of 4,000 К giant stars, is ~4 Xx10$ La (refs 23, 24). 
Hence, the mass to luminosity ratio ofthe cluster is «0.5 Мо/ Lo, 
which is much lower than typical for old clusters (Mo/Lo~ 
1.5:5; ref. 21). It may indicate relatively recent star formation 
activity or a lack of low mass stars. The total luminosity of the 
region inside R —1 pc deduced from the ionizing flux or the 
longer-wavelength infrared continuum radiation is ~2 X10" Lo 
(ref. 16), and hence if all the mass were assumed to be stars, 
the ratio Mo/ Lo would be very low. 


Related observations 


The turbulent and non-circular motions of the ionized and ` 


neutral gas in the galactic centre are significantly larger than in 
other dense clouds in the Galaxy or than one would expect in 
equilibrium. It is likely that this gas has been strongly perturbed 
within a time as recent as a few orbital periods (— 10? yr). This 
disturbance was possibly produced by material which fell into 


Received 29 January, accepted 18 April 1985 


1 Serabyn, E & Lacy, J Н Bull Am astr Soc 16, 980 (1984), Astrophys J (in the press) 

2 Genzel, R, Watson, D M , Crawford, M К & Townes, C Н. Astrophys J (submitted) 

3 Lugten, J B, Crawford, М К, Genzel, К & Townes, C Н Astrophys J (submitted). 

4 Harns,A, Jaffe, D T, Silber, М & Genzel, К Bull. Am. asir Soc. 16,936 (1984), Astrophys 
J Lett (submitted) 

5. Ekers, R D , van Gorkom, J. H , Schwarz, U J. & Goss, W M Asir astrophys 122, 143-150 
(1983) 

6 Brown, К L, Johnston, К J & Lo, К Y Astrophys J. 250, 155-159 (1981) 

7 Lo,K Y & Claussen, M J Nature 306, 647-651 (1983) 

$ Balick, B & Brown, К L Astrophys J 194, 265-270 (1974) 

9, Lo, К. Y. in The Саіасис Center (eds Riegler, С. & Blandford, R D.) (Am Inst Phys, 
New York, 1974) 

10. Henry, J P, DePay, D L & Becklin, E Е Astrophys J 285, L27- L30 (1984) 

11. Storey, J W V. & Allen, D A Mon Not К. astr Soc. 204, 1153-1161 (1984) 

12 Hall, D. N B, Klemmann, S G & Scoville, N Z Astrophys J Lett 260, L53-L57 (1982) 

13 Geballe, T. К et al Astrophys J 284, 118-125 (1984) 


NATURE VOL. 315 6 JUNE 1985 


the galactic centre from an appreciable distance. Estimates from 
the amount of material present and its clumpy distribution 
indicate that material should fall into the centre at an average 
rate of —10 7-10? Mo yr ! (ref. 14). This average rate should 
generate substantially more energy flux than is presently seen 
in the region. However, if there were episodic infall, the present 
perturbations and possibly also the low density of material 
within the inner radius of the disk could be the result of a past 
larger infall and very high resultant energy flux. This would also 
imply that we are now in a time of relative quiescence. 

It has previously been argued that the ultraviolet radiation 
required to ionize gas in the galactic centre could not come from 
a single point-source, because a black-body source or one with 
the characteristics of a stellar atmosphere would not produce 
enough ultraviolet without being a stronger source of infrared 
than has been observed??5, Now we find that these arguments 
are not conclusive. Henry et а1' have already suggested that 
much of the radiation could originate from the source IRS16. 
It does seem possible to fit the amount of ultraviolet radiation 
required to ionize the Sgr A West H II region and the observed 
infrared intensity of IRS16 to what would be expected from a 
radiating atmosphere similar to that of an O-type star of surface 
temperature —35,000 K and surface gravity of log g — 5 (ref. 1), 
although a large number of O-type stars would be required. The 
surface gravity tends to decrease radiation energetic enough to 
ionize Ar* or S?*, fulfilling the observed conditions of very few 
Ar^ and S?* ions, while at the same time providing enough 
photons to produce the observed Ne*. Thus ultraviolet and 
infrared observations seem to be consistent with production of 
the ultraviolet excitation in the central few parsecs by a single 
localized source, such as a black hole. 


Conclusions 


New infrared and submillimetre measurements of the dynamics 
and distribution of material around the galactic centre have 
increased knowledge of the structure and mass distribution of 
this region. A large amount of data seem to fit a model, involving: 


(1) an unusual concentration of mass not in the form of ordinary, . 


stars, most probably a central black hole of mass 4+1 x 106 Mo; 
(2) an ionized cavity of relatively low gas density surrounding 
the centre and of radius 1.7 pc. This cavity also contains an 
additional 1-2 x 10° Mo mass in a stellar cluster; (3) a circulating 


‚ disk of dense (—10? cm ?), warm (300 K) and clumpy neutral 


gas between 1.7 and —10 pc which is ionized along much of its 
inner edge. Irregular gas velocities indicate strong perturbations 
of the motions in this region over the past few 10? yr. 

The observed velocities also fit a stellar cluster with no central 
point mass if the stellar density distribution decreases at least 
as fast as К ?". However, the case without a central black hole 
is excluded if the observed 2-рт light distribution is a fair 
representation of the mass distribution of the stellar cluster. 
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Comparison between !?J- 


radiogenic '?Xe and *“*Pu-fissiogenic "Xe components in terrestrial xenon suggests that the 


Earth's inner region accreted a few tens of millions of years earlier than the outer region from which the atmosphere 
evolved. The results also indicate that there has been no substantial mixing of the two regions since the Earth's accretion. 





SINCE the discovery of excess '*°Xe in meteorites!, Xe isotopes 
produced from !?I (half-life t(,,;—17 Myr) and from ?*^Pu 
(12 = 82 Myr) have been a prime source of information on the 
early history of meteorites. Although there has been considerable 
work on Xe in meteorites, there is still relatively little Xe isotope 
data for terrestrial samples: nevertheless, some very interesting 
results have emerged, notably the confirmation of large excess 
U9Xe and !32-126ҳе relative to air Xe, in gas from a CO; well 
in New Mexico. There have also been reports of excess Xe 
in some mantle-derived materials, such as mid-ocean ridge 
basalts (MORB)**, mantle xenoliths?*!! and diamonds". The 
existence of excess !2Хе indicates that the source region for 
the excess '?Xe must have been isolated for almost the whole 
history of the Earth from the atmosphere and/or the rest of the 
mantle from which the atmosphere was generated. It has been 
argued$^7-!5 that the isolation of this source must correspond 
to degassing of the mantle and, therefore, that this degassing, 
and the major generation of the atmosphere, occurred very early, 
within a few half-lives of '291 after the formation of the Earth. 
We now examine published data on Xe isotope composition 
in terrestrial samples and discuss their implications for the early 
history of the Earth. We show that the terrestrial Xe isotope 
data need not lead to the conclusion that the excess "?Xe 
requires very early mantle degassing, as generally assumed. 


Terrestrial Xe isotope data 


From published Xe data, we have constructed three isotope 
plots for granites, MORBs and upper-mantle derived rocks 
(mostly mantle xenoliths) (Figs 1-3). The data for New Mexico 
CO,-well gas Xe is shown in the plots for granites (Fig. 1). In 
plotting these correlation diagrams our only selection criterion 
was to discard those with abnormally large error assignments. 
For step-heating data, we discarded the lowest temperature 
fraction, which would probably include large air contamination, 
and we chose as a representative value, the fraction with the 
largest amount of Xe. For the New Mexico CO,-well Xe, we 
used the latest experimental data? (Fig. 1). 

Granites (Fig. 1) show a very clear linear correlation which 
must be due to the addition of ***U-fissiogenic Xe isotopes!é 
granite typically has relatively high concentrations of U. The 
slopes of the correlation lines (solid lines) i in the Xe] 130 e- 
HB6y e/U?Xe апа U?Xe/U9xXe..136x 6/139 Y e diagrams give the 
ratios of the fission yields ?*Y/'?5y and °?Y/*°Y, respectively, 
which agree well with the laboratory values of 0.832 + 0.02 and 
0.59 + 0.017 for spontaneous fission of ?*U. Figure 1 also shows 
the correlation lines (dotted lines) corresponding to ?"Pu- 
fissiogenic Xe, which' do not fit the data well. The isotope 
composition for New Mexico CO;-well Xe falls on the correla- 
tion lines, indicating that the excess '?Xe- Xe is also due to 
?5U.fission, as was concluded by Phinney et al^. However, the 
CO;-well gas Xe has significant excess Xe, which is not seen 
in granites. This excess "Xe has been confirmed indepen- 
аепіу?° and its existence seems to be established. 

Excess ‘Xe may also exist in MORB (Fig. 2) and mantle- 
derived xenoliths (Бір. 3). In addition, “Xe and ‘Хе appear 


H 
i 


to show slight excesses relative to air Xe. However, correlations 
between "9Xe/U?Xe апа P*Xe/139 xe, 1327x o/130Y e are vague 
and it is not possible to resolve whether the excess !?- 6X, if 
real, is due to ?*U.fission or to *“Pu-fission. The only known 
source for excess ?Xe is the extinct nuclide !2°]. The existence 
of the excess "Xe indicates that somé part of the Earth had 
incorporated a non-trivial amount of short-lived '°I and has 
not undergone extensive exchange with the atmosphere, or the 
source of the atmosphere, since before the decay of '?I was 
substantially complexe. For excess ?! Xe-P5Xe, both ?9U.fission 
and *“*Pu-fission could be responsible. Except for crustal rocks, 
which are more enriched in О, ?^^Pu-fissiogenic Xe is likely to 
be more important than ?*U-fissiogenic Xe in the Earth as а 
whole", 
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Fig. 1 Three isotope plots for granite samples!$. Also shown are 
New Mexico CO;-well gas Xe (О, data from ref. 5) and air Xe 
(6). Note that the CO;-well gas Xe data lie on the correlation 
lines, which characterize ?*U.fissiogenic Xe (solid lines). For 
comparison, a correlation line for ?*Pu-fissiogenic Xe is also 

shown by a dotted line. 
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Fig.2 Three isotope plots for MORB. Solid cross, data from refs 


6, 7 Dotted cross, data from ref. 27. Note that neither the 2Ри- 
fissiogenic nor the 7°*U-fissiogenic lines fit the data 


Xe closure time 


In using radiogenic isotopes as chronological tracers, а funda- 
mental problem is to identify when the parent-daughter element 
system closed. The nucleogenic Xe isotopes that are important 
in terrestrial Xe are spontaneous fissiogenic Xe (?!Xe, "Xe, 
134Xe, Xe) from ?*U and ?*^Pu and radiogenic Xe. Once 
the system ıs closed for !2°1/ Хе and 2“Ри/ Хе ratios, Xe isotope 
evolution obeys a simple radioactive decay law and is predict- 
able. Because our main concern here is the early history of the 
Earth and thus with I-Xe and Pu-Xe closure; we can disregard 
the ?*U- Хе system in much of the following discussion because 
of the long half-life of 23870. 

In gas of a solar composition, Xe isotope evolution would 
be negligible because of very low I/Xe and Pu/Xe ratios; only 
in condensed materials greatly depleted in noble gases would 
Xe evolution be significant. Theoretical treatments of early Solar 
System history typically conclude that condensation and frag- 
mentation into planetesimals (bodies a few kilometres in 
diameter) would occur quite rapidly, on a 10^-yr timescale at 
the Earth's orbit!*?, but that accretion of planetesimals into 
the major terrestrial planets might take significantly longer, of 
the order of 107-10? yr (ref. 20). This is a significant time for 
short-lived '?I and “Pu. While condensation and accretion 
result in closure of solid elements such as Py and I, Xe closure 
might be established only after collisions among planetesimals, 
because impact shock could result in the effective degassing of 
volatiles?!, In this way, it would be possible for early and 
late-accreting material to have significantly different Xe closure 
times and contribute significantly different amounts of radio- 
genic Xe, expecially ‘Xe, even if it all had the same basic 
chemistry and the same initial I/Pu ratio. 


Interpretation 


According to Pepin and Phinney^^^, about 6.7% of atmospheric 
'29Xe originates from the decay of '?°1, and 4.7% of atmospheric 
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Fig.3 Three isotope plots for mantle-derived xenoliths (data from 
refs 9, 10, 28) @, Air Xe A slight excess may be seen in '?°Xe. 


136Xe originates from the decay of Pu. Subtracting these 
nucleogenic components from the air Xe composition, we can 
define a ‘primary’ air Xe (equivalent to "corrected atmosphere 
Xe’): this is presumably the Xe composition at the time of 
isotopic closure. It is a straightforward matter to develop 
equations for the compositional evolution after closure and to 
include a single episodic degassing event. Using subscripts '0' 
for closure and ‘d’ for degassing, and setting у= 0, we have for 
0<t<t, (from Xe closure to degassing): 


уь 29у 1297 
Doy e = (sox) Б, (=) x. —exp(-Aisot)) 
| (1) 
136 136 244 
Xe xe Pu 
Bige = (тее), + e „ъй -ехр(-Азааі)) 


where Ajo and A244 аге the decay constants for '?I and 2“Ри 
and PY, is the yield of Хе per decay of “Ри. 

If the degassing occurred before !?I and ?*^Pu had decayed 
completely, Xe isotopic composition in the residue continued 
to evolve. If we assume that a fraction (1—/) of the Xe was 
degassed at t= t4, the evolution for t> t, becomes 


129X e 129y e 1297 
Bige = 30xc) + Bige A C exp(Arasta)) 


1 1291 
os o exp(—Ai2914) 
X(1— exp( — Aizo( t — ta) 


136 136 244 
Xe Xe Pu 
S-lme]* 16у (1 - eXp(- Asa 
зок (=) (=), Р ( exp( 244 4)) 
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1/?7*Pu 
m) 36ү p, exp( Aosta) 
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X(1—exp(-Azu(t — 4))). 
Figure 4 shows a single-stage Xe-isotope evolution curve, for 
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13e / xe 1x10? yr entiation in the Earth or from chemical heterogeneity among 
fg x10" yr the planetesimals which accreted to form the Earth. In the former 
7 case, the chemical differentiation must have occurred Беѓоге!2°1 
е 4x16yr or “Ры had decayed, that is, within a few tens of millions of 
years after the formation of the Earth. In the latter case, the 
gs difference in (22*Ри/!?°Т), among planetesimals may reflect а 
variation 1n the Xe-closure time of different planetesimals. If 
di the time lag is responsible for the difference in the (^^*Pu/'?I), 
ratio, the time interval required can be estimated from 
23 24 pu d 244&р\у 
129] ), | /( 129ү ), =exp{(Aiz9—Arga)At} (3) 
22+ ,Outeri anner 
Setting (4 Pu/71),...7 3,306 and (2**ри/!291), „= 2,105 in 
21} the left-hand side of equation (3). We obtain At> 1.4 x 10” yr. 
| Earth’s early history 





80 
129 е 130уе 
Fig. 4 Хе isotope evolution model in the Earth. A, Air Xe, Ap, 
primary air Xe (see text). Ay ıs the Xe-closure time in the Earth 
Owing to 791 and ?*^Pu, Xe isotopes in the Earth had evolved 
along the paths Ap-A At tg Xe was degassed into the atmosphere, 
where the Xe isotopic ratio was quenched to give air Xe (A). After 
ta Xe in the Earth has continued to evolve. The evolution curve 
1s determined by specifying ty. We also show the CO;-well gas Xe 
(refs 4, 5). Solid rectangle, the range for the measured isotope 
composition; dotted rectangle, isotopic composition (maximum 
value) corrected for the ?*U. fissiogenic °°Xe 





which atmospheric Xe is assumed to be degassed at f= t4. 
Although drawn for / = 0.5, the choice of f (0 « f « 1) does not 
significantly affect the general character of the evolution. 
Equation (1) clearly shows that the specification of fa determines 
(^ pu/3?x e)o and (V?I/U?Xe),, as both (?5Xe/'?Xe)... and 
(°Xe/ зох) аге assumed to be known. This situation can 
also be seen in Fig. 4: an evolution curve passing through Ap 
(primary air Xe) and A (present air Xe) can be uniquely deter- 
mined by specifying ta. The shorter the f,, the further the curves 
grow after the degassing, since shorter fy requires greater I/Xe 
and Pu/Xe and much of the decay occurs after the degassing. 
Note that Xe isotope composition in any degassed region (ty> 
0) must be located in the region above the dotted line, that is, 
the extension of the line connecting A, and A in Fig. 4; qualita- 
tively, the ratio of fission Xe to radiogenic ?Xe must increase 
with time because of the greater half-life of ?**Pu. 

Let us now consider the CO;-well gas Xe. Figure 4 plots the 
CO,-well gas Xe both as measured and as corrected for 2280 
fissiogenic "Xe. Phinney et al^ estimated that at least 8096 
(and perhaps all) of the excess "Xe is due to ?*U-fission (rather 
than *“*Pu fission). We have re-estimated the fraction of the 
38UJ.contribution to the excess "Xe using a least-squares 
method, with the result that it is at least 8096. Figure 4 shows 
that the CO;-well gas Xe corrected for ?*U-fission lies below 
the dotted line, where the correction involves subtracting 
80% of the excess '*Xe/™°Xe, relative to the air ratio, from 
the observed ratio (that is (%Xe/“°Xe),,.. —2.448— 
(2.448 — 2.1747) x 0.8 = 2.2294). The corrected value should be 
an upper limit, as the 7°*U-fissiogenic contribution is likely to 
be larger than 8095. By the above argument, this observation 
indicates that the CO,-well gas Xe (corrected for ?*U fission) 
was not derived from the residue from which atmospheric Xe 
was degassed, nor entirely as a mixture of air with Xe from this 
residue, because such Xe must lie above the dotted line. 

The fundamental difference between the source region of the 
well-gas Xe and that of air Xe is that the former must have had 
a smaller (^^*Pu/'?I), value. It is easy to show that the Хе 
isotope evolution curve which evolved from Ap to terminate at 
the nominally corrected well-gas composition is uniquely 
specified by a (^"^ Pu/ 1297) .value of 2,105, which is much smaller 
than the minimum permissible value for the source of atmos- 
pheric Xe ((Pu/!?D),,,—3,306, corresponding for М» 
1/ A544). This difference may have resulted from chemical differ- 
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The excess '?Xe in some terrestrial materials indicates that the 
region from which the excess ?Xe was derived must have been 
isolated from the atmosphere for nearly the whole history of 
the Earth. We argued above against the commonly held 
view9 7-15 that the source region for the excess "Xe in the 
CO,-well gas represents the degassed mantle from which air Xe 
was derived. — 

We propose the following scenario for interpreting coherently 
the available Xe isotape data. The Earth formed by accretion 
of impacting planetisimals. Planetesimals were originally formed 
by the fragmentation process”*, underwent mutual collision to 
grow further and finally impacted onto the Earth. The early 
planetesimals constituted the inner part of the Earth. As the 
accretion time of the Earth is plausibly at least a few tens of 
millions of years!*!? and the time of the final impact of the 
planetsimals onto the Earth must be an upper limit to their 
Xe-closure time, there could well have been a few tens of millions 
of years time gap in Xe-closure time between the inner and 
outer regions of the Earth. Hence, we expect that the inner part 
of the Earth had smaller (^"^Pu/'?I), as well as larger 
(24ру/:30Х е), and (!?1I/U?Xe), ratios. If we assume that the 
CO,-well gas Xe (except for the ?*U fission component) was 
derived from the inner part of the Earth, while air Xe was 
degassed from the outer region, we could explain why the 
CO,-well gas Xe is characterized by excess "?Xe but not a 
corresponding excess of 2^ Pu.derived ‘Xe, The com- 
parison between air Xe and CO,-well gas Xe then gives about 
1.4 X 107 yrforthe minimum time interval between the formation 
of the two regions. If the timescale for atrnospheric degassing 
is of the order of 10° yr, as inferred from very high “Аг/?%Аг 
ratios in the upper manile”’, then the upper-mantle Xe composi- 
tion should be nearly the same as the atmospheric Xe compo- 
sition. 

Excess Xe has been reported in some mantle-derived 
samples. The largest excess !?Xe reported for terrestrial 
materials is for MORB by Allégre et al? who argued that the 
excess ?Xe in MORB is indicative of very early degassing of 
the MORB source region. The argument can be examined by 
means of Fig. 4. However, the difficulty in identifying 2*Ри- 
fissiogenic Xe does not allow such a test. Hence, until the origin 
of the excess !21-!36Хе is resolved, the conclusion by Allègre et 
al. should be treated with caution. 

The high “°Ar/?*Ar ratios in MORBs relative to air Ar are 
not inconsistent with the rapid timescale for degassing (within 
a few tens of millions years after Earth's formation) argued by 
several authors on the basis of the excess "?Xe in the mantle- 
derived materials?^!?-5. However, note that while the high 
^ Ar/?SAr ratio has been established throughout the Earth's 
history owing to the much slower decay of “°K, the excess Хе 
was established soon after the formation of the Earth. In the 
upper mantle, where material movement such as mantle convec- 
tion and subduction are likely to have operated throughout 
geological time, it is difficult to suppose that the early established 
excess "?Xe could have survived these geological disturbances. 
The mixing of subducted materials into the mantle is especially 
difficult to reconcile with the persistent existence of excess Xe 
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in MORB because, unlike lighter noble gases, Xe is notoriously 
‘sticky’ and is likely to be carried down into the mantle with 
the subducting ocean sediments, which have 2-4 orders of 
magnitude enrichment of Xe relative to common volcanic 
rocks”*, Hence, it may be more reasonable to suppose that the 
excess !2°Хе observed in MORBs (and also in ther mantle- 
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The five membrane-spanning subunits of the acetylcholine receptor have been resolved in electron microscope images and 
are shown to lie at pentagonally symmetrical positions around the channel over a large fraction of their length. The channel 
consists of a wide synaptic portion and a narrow portion extending through the membrane into the interior of the cell. 


SIGNALLING between excitable cells is commonly mediated by 
the release of neurotransmitters, which bind subsequently to 
receptors in the target membranes and induce in them a change 
of permeability. The nicotinic acetylcholine receptor, the best 
understood such receptor, effects the change by opening a chan- 
nel in the membrane through which cations, principally sodium 
and potassium, diffuse. This action is initiated by the cooperative 
binding of neurotransmitter to the o-subunits, the two smallest 
of five (stoichiometry a;y8) assembled in a ring around the 
channel (see refs 1-3 for review). 

The complete amino-acid sequences of the four types of 
polypeptide comprising this receptor have recently been 
deduced" and indicate extensive homology between the sub- 
units (see ref. 8 for review). Predictions based on these data 
suggest a common motif of secondary structure for the portions 


Table 1 Three-dimensional data from images of tubes 





Frozen Stained 
No. of images* 35 52 
Range of tilt angles 0-60? 0-65? 
No. of independent lattice linest 21 24 
No. of Fourier terms used in synthesist 208 271 
Average phase error/image§ 13.5? 11.9* 





* Values for the axial ratio b/ a and included angle у were 1.787 + 0.01, 
120.17+0.19° (frozen) and 1.797 + 0.01, 117.3340.48° (stained), from 
20 measurements, with a, b and у as defined previously. Thus, the 
ratio of lateral to longitudinal dimensions is ~5% smaller for the stained 
than for the frozen tubes. 

t Data include all significant lattice lines (except for the (0, 0)) to a 
resolution of 25 А; these are the (0,2), (0,3), (0, 4), (0,5), (1, —5), 
(1, —4), (1, -3), (1, -2) (1, -1) (1, 0), (1, 1), (1, 2), G, 3), (2, -5) 
(2, ~4), (2, -3), (2, -2), (2, -1), (2,0), (3, 23), (3, —1) lattice lines in 
both cases, and in addition the (0, 1), (3, —5), (3, —2) for the tubes in 
stain. 

t Obtained by sampling the continuous amplitude and phase curves 
at regular 0.0025-À ! intervals. 

§ Based on cumulative comparisons of individual peaks over a range 
of 0.003 А-! along the lattice lines. 


of the subunits inside the lipid bilayer?!?, with features having 


important implications concerning the movement of ions 
through the channel and the mechanism of the gating event! 7, 
An understanding of the molecular details now requires direct 
structural information on the different transitional states. 

Here we report on a quaternary configuration of the acetylcho- 
line receptor, determined by three-dimensional electron image 
analysis of tubular crystals grown from native membrane vesi- 
cles. Previously, a pentagonal molecular outline had been re- 
solved in individual images of stained tubes, suggesting that the 
subunits are disposed regularly around the channel", The three- 
dimensional maps obtained by combining information from 
many images now reveal details of the subunits and of the 
channel at different levels throughout the structure. We demon- 
strate that there is indeed an approximate 5-fold axis of sym- 
metry along the channel axis over a large fraction of the molecule 
extending from within the lipid bilayer into the synaptic cleft. 


Data collection and analysis 


The tubes, which were prepared from the electric organ of the 
ray Torpedo marmorata, are composed of receptors arranged in 
a p2 surface lattice and oriented with the synaptic side out- 
wards. They are flattened against the support film during 
preparation (see Fig. 2 legend), forming two almost planar 
superposed layers (Fig. 1). Images of the tubes in frozen solution 
and in negative stain were obtained to provide information on 
the complete protein and the hydrophilic surfaces, respectively. 

For the analysis, all the selected tubes had surface lattices in 
orientations close to the example in Fig. 1b; therefore, variations 
in their unit cell parameters were less than described pre- 
viously’. The tubes were tilted at angles of up to 65° to the 
incident electron beam and the amplitudes and phases of the 
Fourier components were determined to a resolution of 25 А 
from digitized areas of these images. Data were then combined 
cumulatively by standard methods’? to map the continuous 
variations of amplitude and phase along each reciprocal lattice 
line (Fig. 2). The three-dimensional Fourier syntheses were from 
the terms obtained by sampling these curves at regular intervals 











Fig.1 Electron microscope images of tubular 
crystals of acetylcholine receptor embedded in 
thin films of frozen buffer (100 mM Tris-HCl, 
pH 6.8). The complex patterns arise from super- 
position of en face views of the receptors 
located on the top and bottom surfaces. Striated 
zones at the tube borders are a result of the 
receptors being viewed more nearly from the 
side; when aligned parallel to the tube axis, as 
in a, the receptors in these zones form distinct 
120-140-A wide bands (arrow) and seem to be 
viewed exactly from the side. Magnifications: 
a, X112,000; Б, x182,400. 


and assuming the unit cell dimensions in the plane of the in a single unit cell. The best overall correlation was achieved 
membrane to be a = 90.0 A, b = 160.8 A, y 120.2°, determined with a relative displacement of 11 A perpendicular to the mem- 
from the frozen specimens. The densities synthesized from the — brane between the origins of the two maps, reflecting differences 
stained specimens were multiplied by —1 to correct for their between the centres of scattering density for the two cases. 
.. Opposite contrast. Further details are given in Table 1. Corresponding values for the correlation coefficients were >0.8 
^... The similarity between the two three-dimensional maps was over most of the ~140 A length in which features were clearly 
evaluated by comparing sections at various levels throughout contrasted (Fig. 3), except for a narrow zone identified as the 
. the two structures. The sections were parallel to the plane of hydrophobic core of the bilayer (see below). Hence, with the 
{һе membrane and the comparisons included all the densities exception of this zone, the two maps resemble each other closely. 











Fig.2 Comparison of amplitude and phase variations along typi- 
cal lattice lines after combining images from tubes in: a, ice; b, 
stain, according to the 2-sided plane group p21. The continuous 
curves through the data points were computed by a least-squares 
i method with amplitudes weighted according to the reliability of 
a the corresponding phases?. Z* is the distance from the midpoint 
of the lattice line. 
Methods. Tubes were prepared as described previously" and 
applied to carbon support grids rendered highly charged by glow 
discharge in amylamine vapour”. For freezing, grids were blotted 
with filter paper for 4s, then plunged rapidly into liquid ethane 
cooled to below —130 °С; for staining, they were washed in 2% 
sodium phosphotungstate pH 7.2 and then dried. Frozen specimens 
were stored under liquid nitrogen and later examined in a Philips 
EM400 electron microscope using a cold holder maintained at 
~174 °C. The electron optical magnifications were х40,800 (ice) 
and X28,500 (stain), and images were recorded at 100 kV on Kodak 
50163 film developed for 8 min in concentrated 019 developer. 
A Philips low-dose kit was used to minimize radiation damage and 
to ensure that all images incorporated in the three-dimensional 
datasets were of tubes which had received total doses of no more 
than ~15 electrons per A”. Optical adjustments were performed 
at a nominal magnification on the screen of x90,000 to minimize 
variability in focus level from one image to the next. Tube images 
were evaluated by optical diffraction (see ref. 13) for the extent of 
structural preservation and degree of flattening, and then evaluated 
further by computer. For the computer analysis, densitometry and 
Fourier transformation of the central portion of the tubes were as described previously’; criteria for selection of images for incorporation 
into the three-dimensional datasets included the strength of the diffraction maxima above background and the accuracy with which they fit a 
regular two-dimensional net. Also, areas of interest were considered unsuitable if the corresponding under-focus values (see below) were 
outside the range 8-16,000 A. Variability in lattice parameters between tubes necessitated the use of special methods to derive accurate values 
of tilt angle and axis. All images were recorded in pairs. With the frozen specimens (a) the second image of each pair was of the carbon 
support film only, after intensifying the electron beam to sublimate the ice. Diffraction patterns from these images displayed a series of 
< concentric rings? extending to spacings «10 A. Defocus values could be measured locally with an accuracy of +250 A over a wide range, 
based on matching such patterns against a calibrated set. Tilt parameters were computed from the defocus values measured at the four corners 
of each film. Typical errors, estimated by comparing values from the four alternative planes passing through the different sets of three points, 
were 2° in tilt angle and 4° in direct of tilt axis, slightly larger errors applying to smaller tilts (<10°). With the stained specimens (5), the 
second image was recorded (with negligible in-between irradiation) at another angle of tilt, differing from the first by a pre-selected amount 
(typically 15°). Tilt parameters were computed from the changes in reciprocal lattice geometry between the two images. In this case the 
independent values obtained from the two sides of each tube could be compared, and the errors indicated were found to be of similar magnitude 
as in the first method. 
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Fig. 3 Plot of correlation coefficients obtained by comparing 
sections from the three-dimensional maps of the frozen and stained 
tubes. The ordinate indicates the various levels through the struc- 
ture, perpendicular to the membrane, at which the values were 
calculated. The hydrophobic core of the bilayer is identified by a 
zone showing poor correlation. The synaptic and cytoplasmic 
domains show good correlation over most of their extent; the 
poorer correlation near the extremities of the structure may be due 
to slight flattening of the stained receptors in the direction normal 
to the membrane plane. 





Exact correspondence, particularly at the extremities of the 
tructure, is not expected because of minor alterations resulting 
from, for example, drying of the stain". 


The three-dimensional map calculated from the frozen tubes 
(Fig. 4) shows details of the entire receptor molecule, both in 
he lipid bilayer and in the aqueous surroundings on either side. 
The molecule is resolved into five rod-shaped subunits (Fig. 4a) 
of about equal cross-section, which lie predominantly perpen- 
dicular to the membrane plane. The five subunits are contained 
within a ~140-A-long by ~80-A-diameter cylindrical shell, and 
. delineate a water-filled opening, presumed to be the channel, 
along the axis of this cylinder. 

This map does not distinguish between the portion of the 
oligomer embedded in the bilayer and those protruding outside, 
" because lipid and water contribute about equally to the image 
contrast at low resolution. The portions, however, can be iden- 
tified by correlation with the map from the stained tubes. A~ 
30-A zone in that map appears almost featureless—neither the 
- channel nor the surrounding protein is visible—and must corre- 
- spond to the hydrophobic core of the bilayer, which is inaccess- 
ible to the stain. Consequently, there is a length of —30 A, the 
correlation coefficients of which have particularly low values 
.. (Fig. 3), and the matching of structural detail is poor (Fig. 5b) 
compared with that on either side (Fig. 5a, c). Thus the correla- 
* tion places the hydrophobic core nearest to the cytoplasmic end 
of the structure, leaving a length of 35-45 A protruding on this 
‘side, compared with ~70 A on the other. 

The channel is nearly 30 A wide at the synaptic end of the 
oligomer (Fig. 4b, uppermost), but becomes too narrow at the 
cytoplasmic end to be seen. The way in which the channel 
narrows cannot be discerned accurately at the resolution 
achieved in the present study, but the abrupt exclusion of the 
` anionic stain at the level of the bilayer surface, on the synaptic 
side, suggests that a large reduction in its diameter occurs in 
this region. 

The cross-sectional area of the membrane-spanning portion 
of the subunits is of interest because of the different models 
that have been proposed for the internal structure of this portion. 
To estimate this value, we assumed the molecular boundary to 
be at the contour level for which the total enclosed volume of 
glycosylated protein is 350,400 A}, calculated from the composi- 
tion’. The corresponding cross-sectional area per subunit was 
0 А? averaged over the extent of the bilayer, whereas for the 





































cytoplasm 





Fig. 4 a, Three-dimensional map of receptor molecules in the 
crystal lattice as they would appear viewed from the synaptic cleft; 
successive sheets are of sections parallel to the membrane plane 
separated by spaces corresponding to 5 A. The centre-to-centre 
separation between receptors in the horizontal direction corre- 
sponds to 90 A. b, Section along the line XX’ in a, through the 
channel axes and perpendicular to the plane of the sheets; the 
central plane of the bilayer is indicated by the broken line. The 
phosphotungstate stain is excluded from the channel at a level 
~15 A above this line. Only contours corresponding to regions in 
which protein is concentrated are shown in a; all contours are 
shown in 6. The outermost, full-line contours in a and b are close 
to the zero contour in Fig. 5 and represent the molecular boundary 
consistent with the volume calculated from protein composition. 


synaptic and cytoplasmic portions it was 550 and 375 A’, respec- 
tively. As an approximate check on the value for the cross-section 
in the bilayer, a three-dimensional map was also calculated with 
approximate terms included for the central (0,0) lattice line. 
These terms were derived from transforms of the striated border 
regions of tubes, as in Fig. la, using the (1,2) lattice line 
(associated with the striation periodicity) to set the scale for the 
amplitudes and the origin of the phases. From the molecular 
boundary now on an absolute scale, a mean value of 500 А? 
was obtained for the subunit cross-section in the bilayer, in 
reasonable agreement with the estimate based on protein compo- 
sition. 


Pentagonal symmetry 


The five subunits are arranged regularly around the central axis 
of the receptor for much of its length, so that the structure has 
approximate pentagonal symmetry about this axis. The r.m.s. 
departures from exact symmetry are, respectively, 1.2 and 1.4 
in radius and azimuth averaged over the portion of the protein. 


















"Fig 5 a-c, Sections at different levels through 
& unit cell from the three-dimensional maps; d, 
the projected structure in frozen solution. The 
pair of receptors shown is thought to corre- 
spond to the 6-8 subunit linked physiological 
dimer". In a-c the regions and levels indicated 
relate to Fig. 3: contours in the upper and lower 
halves refer to the frozen and the stained tubes, 
respectively; the two halves are related by sym- 
metry as in d. The positive and zero contours 
are indicated by continuous lines, the negative 
contours by dotted lines; data from the (0,0) 
lattice line, not included in the Fourier syn- 
theses, have only a minor effect on the position 
ofthe zero contour. The scale bar (bottom right) 
corresponds to 25 А. 








"in the hydrophobic core of the bilayer, and 0.8 and 1.9 А 
~ averaged over the contiguous ~30-A portion on the synaptic 
|. side. The total extent of this symmetrical region comprises about 
“half of the length of the molecule, sufficient to dominate its 
appearance in projection (Fig. 5d). Nearer to the extremities, 
particularly on the cytoplasmic side, the pentagonal symmetry 
із not as marked, suggesting more profound structural differen- 
сез between individual subunits in these regions? On the cyto- 
. plasmic side the distribution of mass about the axis of the 
oligomer is asymmetrical (Fig. 5c) and the cross-section is 
smaller, as if the parts of the subunits here have different lengths. 


Discussion 


The tubular crystals have led to a quantitative description of 
ће quaternary structure of the acetylcholine receptor ina natural 
lipid-containing environment. The receptor is a cylindrical 
. molecule having almost constant lateral dimensions (mean 
> diameter ~65 A) except for the part on the cytoplasmic side of 
< the bilayer, which is narrower. It is composed of five rod-shaped 
subunits, each up to ~140 A long. They lie approximately per- 
pendicular to the membrane plane and are asymmetrically 
placed in relation to the bilayer, having two to three times more 
of their combined mass on the synaptic than on the cytoplasmic 
side. Subunits are similar in cross-section and are arranged 
symmetrically around a central opening, the presumed channel 
» through which cations diffuse. The channel is partitioned equally 
into a wide (25-30-À diameter) portion at the synaptic end of 
the structure and an unresolved narrow portion extending 
. through the membrane into the interior of the cell. 
& In previous studies, electron images of stained molecules, 
_. Viewed en face and from the side, have been used to deduce 
the overall shape of the protein and channel!9!725-? | Morpho- 
logical observations have also been combined with X-ray or 
neutron diffraction data to obtain models for the cylindrically 
. averaged distribution of mass!*'?, Seen most directly in frozen 
solution, the molecule appears more elongated and more angular 
-<in shape than has generally been supposed. 
Identification of the membrane-spanning portion of the struc- 
< ture (Fig. 3) partitions the protein mass on either side in a way 
с that is consistent with models inferred from the amino-acid 
| Sequences. However, the probable correctness of different 
models cannot be evaluated on this basis because of the possibil- 
. ity that the extrinsic cytoplasmic protein of apparent molecular 
< mass 43,000 (ref. 20), thought to be present in the tubes, is 
bound regularly to the crystallized receptor and contributes 
е extraneous mass. 
. — Astriking aspect of the entire oligomer, previously suspected! 
. but not seen until the present study, is that the subunits are 
, arranged in almost equivalent positions around the channel, 
. conferring on the structure an apparent high degree of pen- 
,;tagonal symmetry. This is most exact in the lipid bilayer and 
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over a contiguous —30 A region on the synaptic side, and may 
be even more extensive than observed because minor errors іп. 
our data would make it less pronounced. Such symmetry, сот. 
bined with the observed amino-acid sequence homology, makes. 
it probable that the individual subunits share common features 
of tertiary organization over the lengths that they are in contact. 
These properties could be important in facilitating a coordinated 
movement of all subunits around the channel, such as may occur 
in switching between different transitional states®. 

The resolution of the analysis described here is insufficient 
to elucidate the internal structure of the subunits, but the. 
observed details are consistent with models speculating that | 
their membrane-spanning portions are composed of equal num- 
bers of closely packed a-helical rods, or other configurations 
of the polypeptide chain?*. The value suggested for the subunit 
cross-section in this region, 500-540 А?, favours models with 
five a-helices extending through the membrane!®!2 (assuming, | 
for example, a packing similar to that in bacteriorhodopsin”’), : 
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Basin-wide exchange between the Pacific and Indian oceans 
through the Indonesian Archipelago has received attention, both 
in relation to the oceans’ role in the Southern Oscillation’ and in 
efforts to balance the salt and mass fluxes of the individual 
` basins^^. Wyrtki® made the first indirect estimate using hydro- 
graphic data of a mean annual transport from the Pacific to the 
Indian Ocean of 2x 10° m? s^' in the upper 200 m. Recent esti- 
mates have been considerably higher: 14 x 10° m^ s^! by Piola and 
Gordon”, 10 х 10° т? =! by Godfrey and Golding”, and 5х 
105 т? s^' by Godfrey and Ridgeway’. However, Wunsch et al.* 
concluded that, as a result of inverse calculations on sections 
across the South Pacific, there was a negligible throughflow trans- 
pórt. A meridional maximum in bomb-produced tritium (half-life 
12.4 yr) observed in the South Equatorial Current (SEC) of the 

Indian Ocean is used here to show direct evidence that in the mean 

there is a net transport (in the upper 300 m) of 5 х 10* т? s^' from 
the Pacific into the Indian Ocean. 
The use of bomb tritium, which is found in the oceans in the 
form of HTO, has become increasingly popular"? as a conserva- 
ve tracer for oceanic circulation processes with decadal time 
scales. Decay-corrected tritium data collected during the 
Geochemical Ocean Sections (GEOSECS) Expeditions!" are 
anomalously higher in the South Indian than either the South 
Atlantic or South Pacific oceans. The presence of the Indian 
subcontinent at 25° N rules out a North Indian Ocean source, 
the asymmetric fallout pattern!" rules out a Southern Hemi- 
sphere source. Toggweiler and Trumbore" found anomalously 
high bomb-produced *°Sr in Indian Ocean corals which they 
attribute to throughflow of North Pacific water. 

Figure 1 is a map showing tritium at the surface of the Indian 
Ocean'?, Pre-bomb surface values may be considered to be 
; «1 TU (1 TU = 10 x mole fraction of (Н/'Н)). Experimental 
error is «0.1 TU. Tritium values are highest (76 TU) in the Bay 
of Bengal as result of runoff; yet the high values are confined 
to a shallow surface layer. Contrast the Arabian Sea where the 
"highest evaporation in the Indian Ocean occurs, surface waters 
there contain 2.5 TU. In the Southern Hemisphere, the highest 
tritium values are found in the westward-flowing SEC located 
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between 10 and 20°S. Tritium 3.5 TU is found from about 
5? N to 30°S, and it coincides fairly well with an intrusion of 
low salinity observed throughout the year'^, The tritium contours 
in Fig. 1 generally follow an east-west pattern because the first 
order transport of water is advection by the zonal wind-driven 
currents. 

Figure 2 is a map showing tritium at 200 m in the thermocline 
of the Indian Ocean'?. Tritium values have decreased to «1 TU 
in the Bay of Bengal showing that high tritium in the runoff 
there is confined to a shallow surface layer. Its effect is only 
local because of dilution during subsequent mixing with low 
ambient levels of tritium. The zonal patterns at 200 m are similar 
to those at the surface; highest values are shifted slightly pole- 
wards. This is probably due to poleward contraction of the gyre 
with depth", and perhaps also downwelling south of 15°S. 
Thus, at the time of sampling, bomb tritium had already mixed 
well into the thermocline of the subtropical gyre resulting in a 
maximum in the region of the SEC as a prominent feature down 
to 300 m. Most of the transport in the SEC occurs above 300 m 
(ref. 14). 

The intrusion of low salinity/high tritium water into the South 
Indian Ocean is due to a combination of throughflow from the 
North and South Pacific, and precipitation? which is very high 
near Indonesia. In general, twice as much tritium makes its way 
into the oceans through molecular exchange as through rain'?!5, > 
In regions where precipitation and runoff are high, unusually 
low salinities and high tritium will be found, for example, the 
Bay of Bengal. However, the high tritium in the Bay of Bengal 
is confined to a shallow surface layer and has only a local effect. 
In addition, the tritium measured in precipitation in the few 
years before the GEOSECS Indian Ocean expedition was twice |. 
as high over the Bay of Bengal as that measured in precipitation . : 
over Indonesia". This would result in even lower surface ocean 
tritium in the component from precipitation than in the Bay of 
Bengal runoff water. Thus, precipitation is not the main source 
for the low salinity/high tritium intrusion. 

Wyrtki* concluded from hydrographic data that, even though | 
the surface currents in the Indonesian Archipelago are subject 
to monsoonal variations, in all layers (except for the oxygen 
minimum) movement of water from the Pacific (via the Timor 
Current) to the Indian predominates. The transport has decreas- 
ing intensity with depth. Although the upper waters in the 
western tropical South Pacific contribute to the throughflow, 
they are too low in tritium? and high in salinity'* to be a major 
source. On the other hand, GEOSECS tritium in the Pacific 
North Equatorial Current (NEC)* was twice as high as the 
South Indian Ocean. Maps by Wyrtki? and Tsuchiya"* show 
some of the westward-flowing NEC turning south near Mindano, 
both feeding into the North Equatorial Counter Current and . 
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< entering the Indonesian Archipelago. Temperature and salinity 
-near Mindano correlate with those in the western basins of the 
archipelago^, in agreement with the idea of the North Pacific 
being a major source for the low salinity/high tritium intrusion 
in the Indian Ocean. 
The additional information obtained when tritium is used as 
а tracer for oceanographic processes is particularly important 
for this problem because it provides ап integrated picture of the 
decadal mean circulation. Tritium data! are combined with 
. annual averages of temperature and salinity’? into a box model 
< to calculate the net transport from the Pacific into the Indian 
Ocean. The meridional extent of the box is chosen from 10 to 
220° and the depth range is 0-300 m; that region is fairly 
< homogeneous in water mass properties and it encompasses most 
of the transport of the SEC. The eastern and western extent of 
- the box are determined by geography—the Indonesian Archi- 
“pelago and Madagascar. 
«The box model calculation?? assumes that mass and chemical 
-balances within the box are entirely consistent with pure advec- 
tion. The first-order physics are: 
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where according to convention u is the advection in the east 
:U(x)/ west direction, v is the advection in the north (y)/south 
direction, C is the concentration, t is time, and A is the decay 
‚ term for tritium. If equation (1) is integrated over the volume 
(V) of the box then: 


C 
Cyutw Aw + СуњА5 + Cotter == V—-ACV (2) 


Where the С, represent the average concentrations and the А, 
. fepresent the areas along the boundaries of the box. Table 1 
- gives the actual values for C;s which were obtained by integrating 
_ the data'®!° observed along the boundaries of the box. Equation 
" (2) is written for volume, salinity, temperature and tritium, giving 
га total of four equations and three unknowns. Using a least 
squares regression it may be solved for the advective velocities: 
< Un, Us and ug. 
7 The air-sea exchange (AC/At) may be evaluated using 
terature values. The net freshwater loss to the atmosphere by 
е Indian Ocean between 10 and 20°S calculated by 
aumgartner and Reichel”! is 0.14 x 105 m? s^'. The heat flux 
. between 10 and 20°S in the Indian Ocean estimated by Talley”? 
-` was a net loss from the ocean to the atmosphere of 2 W тг. 
;, Rates of addition of tritium by precipitation and vapour 
exchange to the South Indian Ocean are given in 5° latitude 
_ bands by Weiss and Roether". When averaged over the time of 
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the bomb transient, the deposition rate for the region 10-20° 
is balanced by tritium decay to within the 30% error given for 
the deposition rate. Although subsurface observations of tritium 
are only available from the GEOSECS expedition for the Indian 
Ocean, there are observations spanning at least 10 yr in the 
NEC, which is the source region forthe low salinity/high tritium. 
intrusion. After 1974, decay has balanced input in the NEC? 
because we were already on the flat part of the deposition curve. 
Therefore, it is reasonable to consider the surface and subsurface 
tritium in a steady state. ; 

The results of the regression together with the statistical errors. 
in the coefficients are given in Table 1. The net transport into 
the box across the eastern boundary corresponds to the through- 
flow from the Pacific into the Indian Ocean; it is 5.14504X 
10° m? s~". There is a small net northwards transport across 10* $. 
(out of the box) of —2.4+0.1 x 105 m? s^! and a small net south- 
wards transport across 20* S (out of the box) of —2.6€0.4x 
105 m? s^'. The north/south transports are difficult to assess 
physically as they encompass the surface Ekman poleward flow 
and part of the equatorward convergent geostrophic flow, as” 
well as the branching of the SEC at its western terminus. A 
possible explanation for the integrated net northwards flow 
across 10° S could be related to the fact that Madagascar extends _ 
only to 10°S. Schott {personal communication) has recently : 
found a strong northwestwards current at the northern tip of 
Madagascar. 

Using the same data as described above, the model was run 
for a box 0-100 m deep encompassing the mixed layer. The. 
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Tablel Average concentrations arid resultant net transports calculated - 
from a box model for the region 10-20" S in the Indian Ocean 





N(10* S) 5(20° $) Е 
0-300 т 
С (temperature, °C) 18.57 20.61 20.42 
C (salinity, 4) 34.85 35.39 34.43 
C (tritium, TU) 2.4 2.5 3.0 
Area (10° m?) 20.7 19.8 2.9 
Transport (10° m? s^!) -2.4 -2.6 4541 
Error (10° m? s^!) x0.1 +0.4 +0,4 
0-100 т 
С (temperature, °C) 25.66 24.30 25.70 
C (salinity, %) 34.80 35.20 34,20 
C (tritium, TU) 3.5 3.6 3.8 
Area (10° m?) 6.9 6.6 1.0 
Transport (10° т? 571) x17 -3.6 +20 
Error (10° m? 571) +0.7 +0.2 +0.5 


Positive (negative) transports indicate а net flow into (out of) the box 
across that boundary. 










+05% -0.5°С -ITU 





i 
о © 





Throughfiow transport Gao m?s 1) 
i 
+ 































































-6 
014 «лоб? yr | «2 Wm? -ОЛ7ТОуг! -05% +0.5°С +1 TU 
cee eel ААА 
AC/M ] Ce 


Fig. 3 Comparison of the box model result of 5.1 x10°m?s7! 
throughflow to variations in: O, air-sea flux parameters (AC/A1) 
(AC/At is varied for: freshwater, heat, and tritium input); and @, 
concentrations along the eastern boundary of the box (Съ) (Ce is 
varied for salinity, temperature, and tritium). 


results of that regression are also included in Table 1. The net 
transports across both 10? S (1.7 0.7 x 105 m? s into the box) 
and 20° 8 (-3.6+0.2 х 106 m? s~! out of the box) are southwards; 
this is consistent with theories of a surface Ekman poleward 
flow. There is a net transport into the box across the eastern 
undary of 2.0+0.5 x 10° m? s^'. This calculation, which gives 
only 2 x105 m? s^' for the throughflow (0-100 m), shows that 
more than half of the transport calculated for the box 0-300 m 
is below the mixed layer. 
Figure 3 shows the sensitivity of the throughflow transport to 
uncertainties which are at least several times the errors in the 
data. At either extreme in the balance between the tritium decay 
rate (—0.17 TU уг!) and deposition rate’? (0.20 TU yr), the 
effect is to decrease to nearly zero or double the throughflow 
sport. The uncertainties in the freshwater and heat air-sea 
fluxes are unknown, although it is unlikely that the directions 
ef the fluxes are unknown. A fourfold increase in these fluxes 
results in more than a doubling of the throughflow transport. 
arying concentrations along the eastern (Fig. 3), northern and 
southern boundaries of the box result in net positive through- 
flows, except when Съ and Cy for tritium are increased by 30% 
(1 TU). These sensitivity tests always result in a net northward 
transport across 10° $; this is consistent with observations of a 
northwestward current at the northern tip of Madagascar (F. 
Schott, personal communication). The tests also result in a 
positive correlation between throughflow and southwards trans- 
port across 20° $; this is consistent with the assertion by Piola 
and Gordon’ that the upper layer throughflow transport must 
be balanced by southwards flow across 35° S in the Indian Ocean. 
A throughflow transport exceeding 10 x 10° m? s^! is unlikely. 
Godfrey and Golding pointed out this high a transport would 
require large upper-layer velocities >1 ms’ in some of the 
. Indonesian passages; these have not been observed. In addition, 
the throughflow would then amount to 30-50% of the total 
olume transport for the SEC which is 30-40 x 105 m^ s^! (F. 
chott, personal communication). Because of the high tritium 
intrusion, it is also unlikely that there is no net throughflow 
transport or even that it is reversed. When the regression was 
fun for three equations and three unknowns, successive omission 
of salinity, heat and tritium gave throughflows respectively of 
2.0, 13.4 and 10.9 x 10° m? s^' ; direction of the transports across 
the other two boundaries remained unchanged. Salinity has the 
l most redundancy, that is freshwater, heat and tritium are the 
three most linearly independent parameters. These sensitivity 
analyses suggest that the box model calculation of 5 x 10° m^ в”! 
for the throughflow transport is probably good to within +50%. 
The tritium data show a direct link between the Pacific and 
Indian oceans. The interannual variability in the throughflow 
could have direct implications for climate because it is coin- 
-cident with a warm pool of 28 °С or higher'*. The warm pool 
foundto extend from the western Pacific through to the Indian 
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Ocean. The unique relationship of the Southern Oscillation to 
sea-surface temperature (SST) in the region extending from the 
warm pool southwards to northern Australia^* has been shown 
to have a high correlation. In addition, SSTs in that region 


27,28 


have been shown to have an influence on the monsóon "^, 
because the largest region of deep atmospheric convection 
occurs over the warm pool. Changes in intensity and location 
of this convection zone are related to variability in both the 
global atmospheric circulation and the monsoon, and are prob- 
ably also influenced by changes in the underlying warm, low- 
salinity throughflow water. 
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The present configuration of Wilson Group, Bowers Supergroup 
and Robertson Bay Group in northern Victoria Land (Fig. 1) has 
been attributed to high-angle block-faulting'-? or more recently* 
to major strike-slip faulting along the Lanterman and Leap Year 
Fault zones. In this latter interpretation, adjacent units have - 

allochthonous relationships and constitute separate geological ter- - 
ranes. We offer additional support for the concept of allochthonous 
terranes in northern Victoria Land but suggest here an alternative _ 




















Fig. 1 Geological map of northern Victoria 
Land (compiled from data in refs 1, 3, 4, 12). 
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model to explain terrane juxtapositions. Our model emphasizes 
the role of thrust tectonics and implies severe structural telescoping 
of entire terranes with significant loss of intervening crust. We 
further suggest that this occurred during the Lower Palaeozoic 
Ross Orogeny in response to the collision of Antarctica with a 
westwardly directed eastern continental block. This requires that 
the northern Victoria Land segment of Gondwana was a zone 
of major plate convergence throughout the Cambrian-early 
Ordovician period. 

The Wilson terrane contains mainly (?Precambrian) 
amphibolite facies gneisses intruded by Lower Palaeozoic S-type 
granitoids (Granite Harbour Intrusives??). These gneisses have 
undergone four phases of deformation", the first two of which 
were accompanied by intense flattening and development of 
boudinage. A conspicuous stretching lineation defined by 
elongated mineral aggregates is widespread throught the Lanter- 
man Range and also occurs in Wilson Group gneisses immedi- 
ately west of the Bowers Supergroup in the Mountaineer Range. 
In the Lanterman Range, this lineation originated during the 
second phase of deformation and everywhere plunges steeply 
down-dip within the north-west-trending regional foliation (Fig. 
2a). The third and fourth phases of deformation in the Lanter- 
man Range were associated with retrogressive metamorphism 
to the greenschist facies and the widespread development of 
crenulation structures, 

The Bowers terrane contains a Cambrian-early Ordovician 
regressive sequence^"^ which has at its base the Sledgers Group. 
Sledgers Group comprises two mutually interdigitating units!”: 
the Molar Formation composed of marine volcanogenic sedi- 
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ments and the Glasgow Volcanics consisting of pillow lavas, 
basaltic and andesitic breccias, and subordinate dacite- 
rhyolite*'?, Basic rocks within the Glasgow Volcanics are inter- 
preted * as primitive island arc tholeiites. 

Overlying^"" the Sledgers Group are the non-volcanogenic, 
shallow or marginal marine, Mariner Group and the non-marine 
Leap Year Group. 

Two other units are also included here in the Bowers terrane; 
the Lanterman and Husky Conglomerates, both of which occur 
only in the Lanterman Range along the western margin of the 
terrane. They are characterized by intensely flattened pebbles 
and provide important clues about the nature of tectonism along 
the contact between the Bowers and Wilson terranes. Other 


conglomerates with severely flattened, or sometimes even. 


stretched, pebbles occur in the Molar Formation immediatel 
south of the Meander Glacier in the Mountaineer Range! 
The Bowers Supergroup was mainly metamorphosed under 
prehnite-pumpellyite or pumpellyite-actinolite facies condi- 
tions" and generally underwent folding about gently plunging, 
north-west-trending axes'*"*, Multiply-deformed greenschist 
facies rocks are restricted!" to a narrow (2-4 кт) belt 
immediately east of the contact with Wilson Group (Fig. 1). 
Highly strained conglomerates in this belt exhibit characteristics 
of both flattening and constrictional deformation™''. Fold axes 
within this belt also show extremely variable plunge, sometimes 
steepening quite markedly over short distances, although they 
always maintain a constant north-west orientation within their 
axial surfaces (Figs 2b, d-f). This suggests non-cylindrical 
folding, possibly even the presence of sheath folds. Where 




















Fig. 2 Equal area stereographic projections of regional structures 
in the different terranes of northern Victoria Land. Solid lines, 
dominant schistosity or cleavage; dots, lineations and fold axes 
except in a which includes 112 stretching lineations from Wilson 
Group gneisses in the Lanterman Range. Contour interval is 1%, 
3%, 6%, 9% and 12% per 1% area. b, Bowers terrane immediately 
east of Wilson terrane in the Lanterman Range. c, Robertson Bay 
terrane, data from ref. 14. d-f, Bowers terrane; d, belt of greenschist 
facies rocks immediately east of contact with Wilson terrane; e, 
greenschist facies rocks on the Mariner Plateau; f, virtually unmeta- 
morphosed Bowers supergroup from area in the lower Mariner 
glacier. Shading accentuates contour interval. 


“asymmetrical folds have been observed", they generally indi- 
‘cate tectonic transport to the north-east, at right angles to the 
structural trend of the Bowers terrane. Since the Leap Year 
Group contains only one-fold generation, and locally'®"? rests 
unconformably upon Sledgers Group (without intervening 
Mariner Group), some deformation of Bowers rocks evidently 
occurred prior to deposition of the Leap Year Group. 

The Robertson Bay terrane contains mainly marine sediments 
of continental provenance'^'^!5, Along with Bowers Super- 
group, these rocks were intruded by the Devonian-early Car- 
boniferous Admiralty Intrusives which possess I-type charac- 
teristics^!^*, Although formerly considered to be Precambrian 
or possibly Cambrian in age, the recent discovery^"^ of 
Ordovician fossils іп the Robertson Bay Group at Handler Ridge 
makes a Cambrian-early Ordovician age more likely. 

The structural relations of the Robertson Bay Group and 
Bowers Supergroup are strikingly similar. To the east, weakly 
metamorphosed?' ыз 




























Robertson Bay Group contains’)? а 
single phase of upright, variably plunging folds which trend 
north-west (Fig. 2c), whereas close to the Leap Year Fault there 
is a belt of multiply deformed greenschist facies rocks (Millen 
schists)***. These schists occupy a structural position compar- 
able with that of the greenschist facies rocks along the western 
margin of the Bowers terrane. Both belts lie immediately east 
of major tectonic boundaries: the Leap Year and Lanterman 
Faults respectively. This implies a genetic as well as spatial 
relationship between the faults and greenschist facies rocks. 

The Leap Year Fault has been traced’**”° across virtually 
the entire length of northern Victoria Land. Recent mapping" 
suggests the Lanterman Fault (type locality'*”* in the Lanterman 
Range) extends southwards into the Mountaineer Range. In 
- both areas, Wilson Group rocks are thrust^!' against the Bowers 
terrane (Fig. 1). Moreover, on the Mariner Plateau (Fig. 1), the 
Lanterman Fault is cut by one of the Devonian Admirality 
_ Éntrusives (Mt Supernal Granite). Mylonites in this same region 
partly recrystallized during the associated contact metamorph- 
ism. Because the country rocks had also undergone regional 
metamorphism and deformation before granite emplacement!!, 
we infer that both the thrust faulting and the regional deforma- 
tion and metamorphism are manifestations of a pre-Devonian 
event: the Lower Palaeozoic Ross Orogeny. 
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Fig.3 Tectonic model for northern Victoria Land. a, Middle-late 
Cambrian: development of Glasgow Volcanic arc concomitant with 
the deposition of Molar Formation and the Mariner Group in a 
forearc basin. To the east, Robertson Bay Group is deposited 
as a clastic wedge with continental provenance. b, Late Cambrian- 
early Ordovician: following accretion of the Glasgow Volcanic arc 
onto the Gondwana continental margin, the centre of magmatic 
activity migrated westward leading to the intrusion of the Granite 
Harbour Intrusives and the penecontemporaneous deposition of 
Leap Year Group (following uplift and erosion of granites). c, 
Ordovician: Ross Orogeny with substantial crustal thickening and 
underthrusting of one terrane beneath the next. Deformation and 
regional metamorphism with the Bowers Supergroup; retrogressive 
metamorphism within the Wilson terrane. d, Devonian- 
Carboniferous: intrusion of Admiralty Intrusives. e, Post-Ferrar 
Supergroup Rennick block faulting’. Differential uplift and erosion 
in the Morozumi Range remove the overlying Wilson and Bowers 
Supergroup rocks to create a tectonic window in which Robertson 
Bay Group sediments are exposed. Abbreviations: BSG, Beacon 
Supergroup; BT, Bowers Terrane; LF, Lanterman Fault; LYF, 
Leap Year Fault; MR, Morozumi Range; RBT, Robertson Bay 
Terrane; WT, Wilson Terrane. 


The Lanterman and Leap Year faults both possess features 
compatible with major strike-slip faults. They have straight 
traces, dip steeply and are marked by wide crush zones, up toù 
500 т wide in the case of the Leap Year Fault". These few 
features aside, there is no additional evidence for strike-slip 
faulting. Both faults are better interpreted as major thrusts. 
Along the entire length of the Lanterman Fault in both the : 
Lanterman and Mountaineer ranges, Wilson Group amphibolite 
facies gneisses are consistently juxtaposed against lower grade 
Bowers Supergroup rocks. The faulted contact between these - 
two units, clearly visible north of Mitten Spur in the Lanterman 
Range, dips steeply south-west. Slickensides along this fault 
indicate that movement was directed towards the north-east’. 
Parallel, and presumably related, thrust faults occur^'? within > 
the Mountaineer Metamorphics west of the Lanterman Fault. 
They too bring higher-grade rocks over lower-grade ones. A 
syn-metamorphic thrust fault has also been reported^"^" in the 
Millen Range just east of the Leap Year Fault. 

In the western Lanterman Range, Lower Ordovician Granite 
Harbour Intrusives are thrust over Permian tillites and slate". 
Late-stage reverse faults also affect the deformed conglomerates 
in the eastern Lanterman Range’. Some thrusting clearly post- 
dates the Ross Orogeny and may represent the reactivation of e 
pre-existing structural discontinuities. Reorientation and/or — 
modification of the earlier thrust faults seems likely. | 
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Based on our interpretation that the Lanterman and Leap . 


Year faults are major thrust boundaries, we present an alterna- 
tive tectonic model for northern Victoria Land (Fig. 3). It is at 
variance with earlier ideas? of a Bowers graben and precludes 
significant strike-slip faulting* along the Lanterman and Leap 
Year faults during the early Palaeozoic. In our model, the present 
disposition of rock types is primarily the result of massive 
telescoping along the Lanterman and Leap Year faults with one 
terrane underplated beneath the next. Elements of a primitive 
island arc (Sledgers Group) were accreted onto the Gondwana 
margin before a continent-continent collision with significant 
loss of oceanic crust. The Robertson Bay Group represents an 
accretionary wedge brought into juxtaposition with the Bowers 
Supergroup from the east following closure of the intervening 
ocean. Our model not only implies allochthonous relationships 


between adjacent terranes but substantial crustal thickening 


oh 


ч 


beneath the Transantarctic Mountains during the Ross Orogeny. 

Other attributes of our model include: 

(1) It provides different source areas for the compositionally 
dissimilar Sledgers and Robertson Bay Group sediments. 

(2) Structural telescoping and significant underthrusting of 
Bowers Supergroup below the Wilson terrane brought island- 
arc tholeiites (Glasgow Volcanics) within 6km of the calc- 
alkaline Granite Harbour Intrusives and removes earlier objec- 
tions* that the Bowers terrane is too narrow for a typical arc 
(3) Fold vergence, the common structural trend of all three 
terranes, and the down-dip stretching lineation in Wilson Group 
gneisses are consistent with thrusting directed towards the north- 
east. | 

(4) Thrusting immediately following regional metamorphism 
and/or cessation of subduction emplaced hot Wilson Group 
rocks over the Bowers terrane. This produced higher tem- 
peratures (greenschist facies metamorphism) and the intense 
flattening observed 1n rocks along the western margin of the 
Bowers terrane. Similarly, the Millen schists east of the Leap 
Year Fault resulted from the thrusting of Bowers rocks over the 
Robertson Bay terrane. 

(5) The Robertson Bay and Bowers terranes are underlain by 
oceanic crust which provided possible source rocks for the 
Admiralty I-type granites. 

A weakness in our model is the lack of an appropriate suture 
zone between the Bowers and Robertson Bay terranes. The Leap 
Year Fault is one possible choice but no fragment of a subduc- 
tion complex, mélange, blueschist terrane or ophiolite belt is 
preserved along its trace. An additional problem is the absence 
of continental crust east. of the Robertson Bay terrane, although 
rocks of suitable age have recently been reported?’ on Surgeon 
Island in Yule Bay. 

We thank thank the Bundesanstalt fir Geowissenschaften 
und Rohstoffe for the opportunity to join GANOVEX III and 
for the invitation to participate in the 1984 NVL workshop in 
Hannover where many of these ideas were discussed. 
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Micropalaeontological studies of sediment cores collected from 
beneath the Ross Ice Shelf, Antarctica, give conflicting strati- 
graphical interpretations. The diatom flora initially indicated an 
in situ succession of later middle Miocene age”, which was suppor- 
ted by the occurrence of benthic foraminifera?. However, sub- 
sequent diatom analyses record the presence of flora with mixed 
ages (mostly Miocene but also Pliocene and Pleistocene) 
throughout both of the two lithological units present in the cores. 
These flora are taken to indicate repeated reworking, which most 
recently occurred no earlier than the late Pleistocene*. These 
contrasting views have since been re-affirmed^$. Our studies of 
sediment geochemistry show self-consistent patterns in organic 
carbon, organic nitrogen and sulphur diagenesis which suggest a 
Recent, in situ origin, at least for the upper unit. 

The 47 Ross Ice Shelf Project (RISP) cores collected at site 
J9 (82?22' S, 168°28' W) in the 1977-78 field season have lengths 
ranging from 15 to 122 cm and contain an upper light olive-grey 
unit (9-30 cm thick) at the base of which is a thin («1 cm) 
brown-orange, iron-rich layer, providing a sharp colour contrast 
with the darker olive-grey lower unit (786 cm) thick’. Both 
upper and lower units consist of pebble-granule diatomaceous 
mud, soft and sloppy in the upper unit but firm and compact 
in the lower. Quartz, feldspars, clays and diatoms generally 
comprise >80% of the sediments and the only discernible 
mineralogical difference between the two units is the presence 
of minor chlorite and vermiculite in the upper unit". 

Siliceous diatoms are the most abundant microflora and occur 
uniformly throughout the upper and lower units Calcareous 
benthic foraminifera also occur in the lower unit but are absent 
from the upper unit'*. There are two conflicting views as to the 
age of the microflora. One view is that the diatoms are well- 
preserved, except in the upper unit, and indicate a middle 
Miocene age with the foraminifera in the lower unit being 
slightly older (early to middle Miocene). This view is consistent 
with the presence of an in situ middle Miocene succession, with 
the upper lithological unit representing an alteration product of 
the underlying sediment^". The alternative view crucially 
depends on the recognition of minor proportions of smaller, 
more delicate and poorly preserved Pliocene to late Pleistocene 
diatoms, which have been recorded amongst the predominantly 
middle Miocene flora throughout both units. The presence of 
flora with mixed ages is taken to indicate subglacial reworking, 
probably in the late Pleistocene (21,000-17,000 yr BP) and poss- 
ibly also earlier. Thus, there are controversial questions con- 
cerning the timing of deposition and the extent of reworking 
and alteration in the RISP cores, which are of importance in 
establishing the history of the West Antarctica Ice Sheet. 
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A study of chemical diagenesis was undertaken to clarify 
aspects of the sedimentary history. The longest RISP core, no. 
12, was selected to define chemical gradients most accurately. 
Excess water was allowed to drain away before cores were frozen 
for transportation". However, samples were received in a dry, 
unfrozen state and chemical effects may arise from sulphide 
oxidation and contamination by salts from dried porewater: the 
latter effect is small. This core provided 25 samples located: at 
5-cm intervals over 122 cm. These were crushed to «90 pm and: 


analysed for organic C, organic N (by Hewlett Packard CHN . 


analyser), acid-volatile sulphides and gravimetrically for total 
S and sulphate-S. Organic C and organic N determinations were 
made at 600°C to minimize breakdown of carbonates?. Both: 
results agreed closely with determinations at 1,200 °C following 
treatment with dilute НСІ which removes calcareous material, 
exchangeable ammonium and also some fixed ammonium’. 
Organic C analyses in both cases also agreed closely with an 
alternative combustion method”? and are consistent with those 
published elsewhere" 

Water contents were e méasured before sampling (G. S. Boul, 
ton, personal communication) and decreased from 22.7% near 
the top of the core to 16.1% at the base..For porewaters of 
average seawater composition, marine sulphate could not exceed 
0.01% S and most sulphate must arise from sulphide oxidation. 
Total S is accordingly treated as sulphide-S. 

The depth profiles demonstrate the following differences in 
the amounts and compositions of the phases participating in 
diagenesis (Fig. 1). (1) Organic C (0.16-0.27%) and total S 
(0.05-0.11%) contents are both smaller-in the upper unit than 
in 4he lower unit (organic C 0.34-0.42%, total S 0.26-0.41%). 
(2) The total sulphur, C/S and C/N ratios change progressively 
with depth through the upper unit and across the boundary, 
reaching near-constant values at depths >25 cm. 


These features arise as a result of microbiological diagenesis - 


of sedimentary organic matter, principally, by sulphate re- 
duction. : 


2CH,0+ S07" > Н,5+ 2HCO; 


Bacterial sulphate reduction occurs only in the absence of oxy- 
gen but such conditions are common in marine sediments, which 
then allow anaerobic sulphate-reducing bacteria to oxidize 
metabolizable organic matter to dissolved carbonate species and 
so produce Н, by the reduction of seawater sulphate. The H,S 
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Fig. 1 Depth trends in S 

species, organic C and the 

C/S and C/N mole’ ratios 
in RISP core no. 12. 
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reacts with detrital iron minerals to give black, acid-volatile iron 
sulphides which are then slowly converted to pyrite. Sulphide 
contents thus increase with depth (from low surface values) in 
Recent sediments deposited in conditions where depth and time 
of burial are related. Such gradients have been described in 
many different depositional environments'?-'*. Furthermore, in 


` sediments deposited under an oxygenated water column, pyrite 


formation is apparently limited by the fraction of organic matter 
which can be metabolized. Thus continuing sulphate reduction 
is accompanied by a decreasing ratio of organic C to sulphide-. 
S(C/S), which typically reaches a constant value at depths of 
«2 m, when metabolizable organic C is mostly exhausted? ^, 

Total organic C is a poor measure of metabolizable organic C 
in a sediment, since the latter depends on the extent of preserva- 
tion in the water column and is also affected by benthic activity 
and terrestrial contributions’. However, most organic N is 
present in proteins which undergo rapid preferential destruction 


.such that the C/N mole ratios of organic matter reach constant 


values, typically of about 15 or more, after only 1-2 m burial 
in Recent sediments!” 

Recent sediments deposited in a depth-time sequence thus 
show near-surface gradients of an increasing sulphide content, 
increasing C/N ratio and a decreasing C/S ratio. These gradients 
can provide a useful signature of age. The observed gradients. 
in total S, C/N and C/S ratios in the RISP sediments are similar 
to those observed in Recent sediments and are also internally 
consistent, in that the addition of sulphide (gradients in total S 
and C/S) corresponds to a decrease in the metabolizable fraction 
of the organic matter (as indicated by the C/N gradient). A 
Recent origin, at least for the upper unit, is also indicated by 
the C/N ratios, which are close to the range in diatoms and 
plankton (5-6.6)!". Contributions from fixed ammonium may 
cause these values to be low, although most fixed.ammonium 
is associated with illitic clays’? which rarely exceed 30% of 
similar Ross Sea Miocene sediments”. The near-surface RISP 
samples have C/N values which clearly indicate that the sedi- 
ment was mixed with fresh organic material on deposition. Such 
material typically survives near-surface anaerobic microbiologi- 
cal decay for between a few hundred to a few thousand years, 
as indicated by the time needed to reach uniform C/N and C/S 
values?-"", Diagenetic nitrogen loss is slower in oxic sediments 
(where it does not occur concomitantly with pyrite formation) 
but is still completed within <120,000 yr (ref. 19), except where 
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rates of bacterial metabolism may be limited by the diffusion 
of electron acceptors through a large thickness of sediment?!. 
Thus, although the absence of benthic activity? and low meta- 
bolic rates in the water column? may diminish the decay of 
metabolizable nitrogenous material, it seems certain that the 
upper unit contains organic matter of Recent (or at the very 
oldest, late Pleistocene) origin. Radiocarbon ages support a 
Recent origin*. Recycled spores and pollen have been identified 
in RISP sediments^!!, but the C/N ratios of plant material 
(13-26) are much larger than the C/N values in the upper unit, 
and recycled terrestrial material cannot be the main organic 
matter source. 

The diagenetic gradients indicate that deposition of the upper 
unit has occurred postglacially, with fresh organic matter being 
incorporated during the reworking of older sediments. Thus the 
geochemical data are consistent with the occurrence of a rework- 
ing event which mixed Pliocene and Pleistocene fauna with the 
Miocene forms*, but not with the existence of an in situ Miocene 
succession"? No reworking of the upper unit has occurred 
following deposition at the present site, otherwise no deposi- 
tional or diagenetic variations would occur. In this respect, we 
agree with the conclusions based on Be measurements, 
although these imply a pre-Quaternary origin at the latest for 
the upper шп“. Such a prolonged period of non-deposition is 
incompatible with the existence of reduced S species, and 
nitrogenous organic matter, at the sediment-water interface. 
Comparatively large '°Be ages may result from diminished rates 
of Be deposition at high latitudes and in the presence of an 
ice cover’. 

As the two units are so similar in detrital mineralogy, their 
main chemical differences arise as a result of alteration by in 
situ diagenesis which differs only in degree and not in direction. 
The extent of alteration by diagenetic sulphate reduction is 
mainly controlled by metabolizable organic matter concentra- 
tions and a fundamental difference between the two units is the 
lower organic C content of the upper unit, even though the 
diagenetic loss of organic C is not yet completed here. Hence, 
the lighter colour of the upper unit is probably due to a smaller 
content of black, iron monosulphides arising from both a lower 
initial organic C content and unfinished sulphate reduction. 
Complete diagenetic alteration of the upper unit would result 
in a sediment with less organic C and S than the lower unit, 
although the progressive C/N and C/S trends would suggest 
that the two units would ultimately be very similar in these 
respects. 

The total S, C/S and C/N trends appear to pass through the 
iron oxide layer (at 18-cm depth) without major perturbation, 
but by 25 cm have closely approached the values at greater 
depths. The depth at which diagenesis is mostly complete thus 
lies only a little below the iron oxide layer and hence there are 
no unequivocal signals of depth-age relationships in the lower 
unit. However, the small but irregular trends of increasing total 
S and C/N values would be consistent with continuity of 
diagenesis through the iron oxide layer, and hence with a post- 
late Pleistocene origin for the whole core. 

The iron-stained layer between the two units is a major 
chemical discontinuity whose temporal significance is unclear. 
No samples at this depth were analysed, but the small kink in 
the C/S ratio at 15-16 cm suggests a possible loss of S which, 
together with the presence of iron oxides, implies a discontinuity 
in sedimentation which allowed the oxidation of sulphidic sedi- 
ments by exposure to oxygenated seawater. The oxidation of 
sulphides may proceed quite rapidly under these circumstances 
and numerical models for the oxidation of sulphidic sediments 
by the diffusive penetration of dissolved oxygen into the RISP 
sediments indicate that a 1-cm oxide layer could be produced 
in as little as 100 yr. 

The diagenetic chemistry clearly demonstrates that the RISP 
sequence is not wholly Miocene and that the upper unit is 
probably of Recent origin. Unfortunately, there are no clear 
indications as to the age of the lower unit. Our observations 
can be reconciled with the presence of Miocene, also Pliocene 
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and Pleistocene, fauna if the upper unit was formed by reworked 
material (similar to that in the lower unit) which was re- 
deposited following suspension in the water column (which 
would allow an autochthonous organic matter contribution). 
There are no chemical features which are inconsistent with a 
post late-Pleistocene origin for the whole core. 

We thank the RISP support group, especially John Clough, 
the Office of Polar Programmes and Dr G. S. Boulton. 
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Temporal changes in solar radiation caused by variations in the 
Earth’s orbit figure prominently in current Quaternary climate 
theory’. Experimental design of atmospheric circulation models 
emphasizes the importance of solar radiation in the heating of 
interglacial land and ocean surfaces at different seasons of the 
year, whereby monsoon-type circulation—seasonal shifting of 
regional cyclonic and anticyclonic centres—develops, while during 
glacial ages, seasonality is greatly modified by the influence of 
ice sheets. We investigated the late-Quaternary climate of the 
North Pacific, where according to modelling, solar radiation in 
the early Holocene at the time of the summer solstice is high and 
in the late Holocene is relatively low. We compared quantitative 
temperature and precipitation estimates from southern Alaska, 
obtained by application of transfer functions to fossil pollen 
records, with estimates from western Washington® and southern 
British Columbia’. Data extending over > 10,000 years show a 
broadly consistent pattern of climatic change in general agreement 
with predicted variations in solar radiation and their effect on 
atmospheric circulation and seasonal duration of pressure systems 
over the North Pacific Ocean. In the early Holocene, as monsoon- 
type circulation became established with melting of glaciers, the 
subtropical North Pacific anticyclone annually regulated climate 
for a longer period at higher latitudes than at present, so that 
warmth and dryness (high summer radiation) increased in southern 
Alaska. The Aleutian low-pressure centre, locus of cyclonic storm 
activity, intensified during the late Holocene, resulting in colder 
and more humid coastal climate (low summer radiation) over much 
of the year and increased frequency of glacier growth in the 
cordillera. 
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Under the influence of a trough of low ‘pressure located in 


the Aleutian/Gulf of Alaska region, climate today along ће, ` 


. American north-west coast is mostly'stormy, cold and таіпу!. 
In summer, as the subtropical anticyclone develops over the 
North Pacific Ocean, the Aleutian low is weakened and dis- 
placed northwestward by the build up of high pressure. Some 
weeks of relatively stable conditions ensue in the western conter- 
minous United States and southwestern Canada, providing a 
contrast with the weather during the colder part of the year. 
Although summer months in southern Alaska and northern 


coastal British Columbia are driest, influenced by the seasonal i 


pressure change, cyclonic storms, accompanied by heavy pre- 
cipitation and cloudiness, continue to aks this sector of the 
coast. 

Seasonal duration and’ extent of pressure systems over the 
North Pacific were variable in the late Quaternary, as implied 
. by quantified mean July temperature and annual precipitation 
estimates for three geographic areas (Fig. 1). Data from southern 
Alaska serve for comparison with data from the Olympic 
Peninsula of western Washington? and the Coast Mountains of 
southern British Columbia’. All three data sets were generated 
by two independent regression equations? that relate modern 
composition of pollen in surface samples from the Pacific coastal 


forest and tundra regions to recorded temperature and precipita-. 


tion values at sites between the Aleutiàn Islands and California. 
Applied to radiocarbon-dated fossil pollen records in the three 
areas, the equations yield estimates of late-Quaternary climatic 
parameters. Transfer functions used were applied within the 
limits of the calibration data set. 

Southern Alaska data (Fig. 1) are derived from fossil pollen 
contained in two sections of a muskeg located near Munday 
Creek on the Gulf of Alaska, ~15 km north-west of Icy Cape 
in the Malaspina Glacier district. One 'section extends to 
~9,000 yr BP! whereas the other reaches beyond to 10,820 yr 

P". Mean July temperature is near 14°C at the end of the 
Pleistocene (10,000 yr BP) and іп the early Holocene, reaching 
a maximum close to 16 °С at ~8,000 yr BP and then decreasing 
to 12°C at ~5,000 yr BP, with fluctuations around this value 
until the present. Annual precipitation, just under 1,400 mm at 
the beginning of the record, reached a minimum near 1,200 mm; 
coinciding with the temperature maximum at —8,000 yr BP, and 
thereafter increased to almost twice as much during the past 
four millennia, while temperature fell to its lowest level of the 
entire time span. 

Temperature and precipitation trends expressed by the curves 
represent a pattern, repeated to the south in British Columbia 
and Washington (Fig. 1). All sites show early Holocene tem- 
perature maxima and precipitation minima, whereas in the late 
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a Fig. d Late-Quatérnary mean July "tein- 
' perature and annual precipitation estimated by 


E, aa a use of tranśfer functions for sectors of North 


- America located "in „western Washington 
> (47° 49'N, 124° i2' Wy, southern British 
` Columbia, (49° 19 N, 7, 122°20 W), and 
« southern Alaska (60° 01’ N, 141° 57: W). Data 
are drawn to а ‘üniform time: scale with 
chronology indicated by radiocarbon: ages (A) ' 
and assuming constant : 'sedimentation rates 
between ages. Markers on temperature and pre- 
cipitation scales are modern means. ‘Arrows 
: pointing left next to precipitation curves signify 
. times of glacier advance, whereas retreat is indi- 
cated by arrows pointing right; vértical lines 
,between arrows indicate extended' intervals ‘of 
glacier activity. 
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Holocene (after 5,000 yr, BP), as in the late Pleistocene, higher 


‘precipitation is coincident with lower temperature. Increased 


warmth and dryness during the early Holocene suggest extended 
dominance by the subtropical Pacific anticyclone; conversely,. 
before and after this interval, when precipitation amounts are 
higher and,temperature values lower, polar Pacific cyclones 
became effective in generating storms that increased in frequency 
over a greater part of the year. Changes associated with the 
centres of atmospheric pressure were influenced to a great extent 
by land-ocean temperature contrasts, latitudinal temperature 
gradients and topography. Changes follow closely predictive 
general circulation models in which monsoon-type climate is : 
related to variations in seasonal solar radiation intensity". 


: * Storm activity, implied by the fossil evidence, was most intense 


in the late Holocene in southern Alaska, where precipitation 
increased by some 1,200 mm and. temperature fell ~4°C. Par-. 
ticularly wet climate effecting generation of the muskeg studied 
near Icy Cape is indicated by an unusually high deposition rate 
(42mm yr !; assuming no compaction) for 150cm of 
unhumified peat formed between 3,860 and 3,500 yr ago; before 
this, under a warmer, drier climate between 9,000 and 7,700 yr . 


. ago, rate of deposition of 25 cm of highly humified peat was 


much lower (2 mm yr !). Rapid peat deposition close to 3,500 yr ` 
ago. has been found elsewhere in southern Alaska". . | 
This pronounced climate change occurred at the time of the 
Neoglaciation, during which colder wetter conditions, giving 
rise to excessive snowfall in the lofty St Elias Mountains, caused 
glacier regeneration (Fig. 1) between 3,300 and 2,100 yr ago, 
1,250 and'1,030 yr ago and in recent centuries, after an extended 
interval of early Holocene recession!*^'*. During the Neoglaci- ` 
ation, ice flow, from the St Elias Mountains contributed to the ` 
formation of the huge piedmont lobe of Malaspina Glacier, 
which spread across the coastal lowland and continental shelf 


` to the Pacific. Episodes of ice advance in the Malaspina Glacier 


district occurred over the past two millennia, with maxima dated 
between 1,600-1,200 and 830-560 уг ago and in the past few 
centuries!???, 

Malaspina Glacier, covering some 2,200 km?, rests mostly 
below sea level^^ along a part of the Gulf of Alaska coast that, 
under the warmer, drier climate of the early Holocene, was 
probably an embayment. Located between the eastern end of. 
the Robinson Mountains at Icy Bay and the Deception Hills at 
the mouth of the Alsek River, the embayment extended along 
7200 km of coastline, including present-day Icy and Yakutat 
Bays, before the Neoglaciation. Higher temperature and lower 
precipitation estimates make it unlikely that mass balance of 
Malaspina Glacier in its present lobate form could have been 
maintained in the early Holocene. 
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Greater frequency of storms passing across southern Впизћ 
Columbia and Washington over the past six or seven millennia 
is reflected by the estimates of increased precipitation in this 
part of the coast (Fig. 1). The increase, while temperature 
steadily decreased, inaugurated late Holocene glacial episodes 
at ~5,000 yr ago?! . Dunng the early Holocene, except for 
isolated instances of minor glacial advance in the Cascade 
Range**™, glaciers were inactive. Climate, under control of the 
subtropical anticyclone, was apparently too warm and dry for 
glacier growth. In the late Pleistocene (15,000-10,000 yr ago), 
a major advance occurred i in the Puget Lowland in a cold, dry 
climate ~14,500 уг ago", followed under wetter but less cold 
conditions by minor advances in the Fraser Lowland and North 
Cascades close toll, 000 yr ago? and in the Coast Mountains 
~10,500 yr ago”. Late Pleistocene glaciation of the Puget Low- 
land has been attributed to northward movement of storm tracks, 
causing heavy snowfall ın the glacier source region 1n the Coast 
Mountains 6 British, Columbia, coincident with decay of the 
Laurentide 1ce sheet 

In the long-term, late-Quaternary climate fluctuations along 
the American north-west coast, keyed to shifting dominance of 
atmospheric pressure cells over the North Pacific, are outlined 
by the pattern of temperature and precipitation estimates. They 
conform with temporal changes in seasonal radiation intensity 
predicted by experimental modelling*-’, previously brought out 
by fossil pollen studies in north-west Canada‘. In the absence 
of tighter radiocarbon-dated time control over extended intervals 
in the records, assessment of short-term fluctuations of the 
estimates (of the order of centuries) is not justified. Rates of 
response to climate change, as well as speed of migration north- 
ward following deglaciation of the British Columbia and 
Alaskan coasts, by plant species used in the equations, for 
example, are variables that must enter into the timing of events. 
These may be significant, but further dating and replication are 
required to define them. 

We thank S. C. Porter for unpublished data on glacier fluctu- 
ations in the Malaspina Glacier district and C. A. Sancetta, 
D H. Rind and W. F Ruddiman for critical comments on the 
manuscript. Final version of the letter was completed while 
C.J.H and L.E.H. were in residence at Clare Hall, University 
of Cambridge. We thank N. J Shackleton of The Godwin 
Laboratory and R. G West of The Botany School for courtesies 
extended during our stay. Supported by NSF grant DEB- 
7910505 to New York University with assistance from the US 
Geological Survey. 
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Evidence for an early Plio-Pleistocene 
rainforest expansion in East Africa 


P. G. Williamson 


Department of Geological Sciences and 
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Massachusetts 02138, USA 


The Plio-Pleistocene palaeoenvironmental history of the Turkana 
Basin and neighbouring areas in north Kenya and southern 
Ethiopia has been a matter of considerable interest due to the 
important palaeoanthropological, palacoarchaeological and 
palaeontological discoveries that have been made In this region'~ 
The consensus is that although environmental oscillations have 
certainly occurred over the past 4 Myr, Plio-Pleistacene environ- 
ments were generally comparable to the modern environment of 
the area“. However, the recent recovery of two taxa presently 
characteristic of the central African rainforest—the anacardiacean 
tree Antrocaryon and the prosobranch gastropod Potadoma— from 
а restricted chronostratigraphic horizon dating at —-3.3-3.4 Myr, 
at widely separated sites In the Turkana region, suggests that the 
general pattern of environmental stability was punctuated at this 
time by a brief but significant rainforest extension in East Africa. 
This brief humid interval apparently coincides with certain impor- 
tant molluscan immigrations, and can be broadly correlated with 
the first major episode of climatic deterloration in the Northern 
Hemisphere. 

Recent reviews of Plio-Pleistocene palaeoenvironments in the 
Omo Valley and Koobi Fora areas of the Turkana Basin, north 
Kenya, have drawn on sedimentological, palaeontological and 
palaeobotanical evidence (see, for example, refs 1-4). Although 
a relatively xeric interval between 2.5 and 2.0 Myr has been 
postulated", the evidence for significant environmental change 
at this time ‘has been questioned*. The general consensus seems 
to be that throughout the past 4 Myr the Turkana region has 
been characterized by a suite of terrestrial environments similar 
to those found at present—dry tropical scrub and grasslands of 
the ‘Sudan savanna’ replaced locally by limited gallery forest 
in the neighbourhood of perennial drainages*. However, several 
recent lines of evidence suggest that the general pattern of overall 
environmental stability in the latest Cenozoic of East Africa 
may have been briefly but significantly perturbed by an impor- 
tant humid episode at 3.3-3 4 Myr, an episode which entailed 
a major expansion of the central African rainforest. The sugges- 
tion that a humid episode occurred at this time was originally 
prompted by the discovery of fruits of the anacardiacean rain- 
forest genus Antrocaryon® in the ‘Brown Sands’ locality of the 
Usno Formation, a short stratigraphic distance above tuff U10, 
and from Member A1.1 of the Shungura Formation in the lower 
Omo Valley (see Fig. 1), immediately underlain by tuff A and 
overlain by tuff B. Tuff U10 is considered to be a lateral correlate 
of tuff B of the Shungura Formation (F. H. Brown, personal 
communication), and tuff B itself 15 now considered a lateral 
correlate of the Tulu Bor Tuff from the Koobi Fora area'^ The 
age of this latter horizon is considered to be ~3.35 Myr, on the 
basis of its stratigraphic position between the immediately over- 
lying Toroto Tuff (firmly dated at 3.32::0 02 Myr) and the 
underlying Lokochot Tyff. On the basis of geochemical com- 
parisons, the Lokochot has been correlated with tuff A of the 
Shungura, which 1s known to lie close to the boundary between 
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Fig. 1 Stratigraphic distribution of Antrocaryon (solid arrows) 1n 
the Usno (U) and Shungura (S) formations of the Omo Valley; 
occurrence of Potadoma (open arrow) 1n sections west of Lake 
Turkana (W) and the earliest African occurrence of Corbicula (C), 
in the Koobi Fora area (K). a, Tuff A of the Shungura Formation, 
which can be correlated with the Lokochot Tuff of the Koobi Fora 
area and also with a tuff (indicated here by x) in the areas west 
of Lake Turkana; b indicates tuff B of the Shungura Formation, 
which can be correlated with Tuff U10 of the Usno Formation, 
with the Tulu Bor Tuff of the Koobi Fora Formation, and with a 
tuff (indicated here by y) in the area west of Lake Turkana. Note 
the extremely restricted stratigraphic distribution of both Potadoma 
and Antrocaryon, and the fact that their occurrence coincides 
closely with the first African record of Corbicula, Data from vanous 
sources. The geographical distribution of these occurrences is 
indicated 1n Fig. 2. General chronostratigraphic framework after 
Brown et al? 


the Gauss and Gilbert chrons; the Lokochot/tuff A horizon 
must accordingly date at ~3.42 Myr’. Antrocaryon in the lower 
Omo Valley is therefore confined to an interval from —3.3 Myr 
to —3.4 Myr. In addition to the occurrence of Antrocaryon in 
the Omo Valley deposits, the striking development of palaeosols 
in Member B has been considered evidence for humid condi- 
tions, and the mammal fauna from Member B10 contains 
rodents and prosimians (notably Galago) which have been 
interpreted as indicating a rainforest setting and forest connec- 
tions with central Africa!!. However, the various sites from 
which this evidence was obtained cover a relatively small area 
of the Omo Valley and all are fluvial deposits in close proximity 
to the presumed axis of the original Ото drainage. Con- 
sequently, the evidence for rainforest conditions around the tuff 
B level could simply reflect a restricted local development of 
riverine gallery forest rather than a regionally significant rain- 
forest expansion, as Brown‘ and others have pointed out®. 

The suggestion that a regionally significant humid episode 
and concomitant rainforest expansion occurred at 3.3-3.4 Myr 
in northern Kenya and southern Ethiopia is greatly strengthened 
by the recent discovery of the rainforest prosobranch 
Potadoma"? from two faunas, separated stratigraphically by 
some 2 m, in the Lomekwi drainage area west of Lake Turkana 
some 60 km south of the Omo Valley (see Fig. 2). These faunas 
occur at the level of a tuff which has been correlated, on 
geochemical grounds, with the Tulu Bor (U10; tuff B) horizon? 
(see Fig. 1); this occurrence of Potadoma constitutes the only 
definite record of this west and central African genus in East 
Africa’. 

Both Antrocaryon and Potadoma are at present restricted to 
the central African rainforest®!*"*; indeed, their joint distribu- 
tion esseritially delimits the present distribution of rainforest in 
central Africa (see Fig. 3). The simultaneous occurrence of these 
distinctive taxa in sections up to 150 km apart in the Turkana 
region at 3.3-3.4 Myr strongly suggests, therefore, a dramatic 
expansion of humid rainforest conditions in the area at this 
time. However, the extremely restricted chronostratigraphic dis- 
tribution of these taxa in the Turkana area deposits suggests 
that this period of enhanced humidity was relatively brief. The 
regional nature of this climatic change may also be reflected by 
the fact that a fauna some 8m above the Tulu Bor Tuff in 
collection area 129 of the Koobi Fora area has recently provided 
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Fig. 2: Geographical location of occurrence of Antrocaryon (solid 

arrows) in the Usno (U) and Shungura (S) formations of the Omo 

Valley; Potadoma (open arrow) in the area of the Lomekwi drain- 

age (W), west of Lake Turkana, and the first African occurrence 

of Corbicula C 1n area 129 of the Koobi Fora area (К) east of 
. Lake Turkana. 





Fig. 3 Present distribution of Antrocaryon and Potadoma in 
Africa. Black areas indicate present co-occurrence of Antrocaryon 
and Potadoma, except the small isolated area to the north, in which 
Potadoma occurs alone. Grey (stippled) areas indicate the present 
distribution of Antrocaryon. The circled area (T) indicates the 
location of the Turkana Basin Distribution of Antrocaryon after 
Bonnefille and Letouzey®; distribution of Potadoma after Brown". 


the first African record of the primarily Eurasian bivalve Cor- 
bicula'^. Corbicula has a long Cenozoic record in southern 
Eurasia, but is a comparatively recent addition to the African 
malacofaunaP. Corbicula is unknown from any African 
malacofaunas definitely pre-dating its occurrence in area 129; 
it is absent from faunas lower in the Koobi Fora Formation", 
from the lower Usno or Mursi formations or the Basal Member 
of the Shungura in the Ото Valley’®, from the Lothagam or 
Kanapoi formations in the southern Turkana area!5, and from 
deposits such as the Kaiso Formation in the western rift’. 
However, the genus predominates in the majority of faunas in 
the Koobi Fora Formation subsequent to its first appearance 
above the Tulu Bor level in area 129 (ref. 14), and Corbicula is 
now one of the most abundant and widespread African fresh- 
water bivalves!?. A regional episode of enhanced humidity, as 
suggested by the occurrence of Antrocaryon and Potadoma, may 
well have encouraged the immigration of Corbicula from 
southern Eurasia by enhancing hydrographical connections 
between 'the latter area and northeastern Africa. However, it 
should be noted that in area 129 the Tulu Bor is overlain by a 
disconformity?, and the first occurrence of Corbicula may there- 
fore post-date the Tulu Bor by a greater interval than that 
indicated in Fig. 1, although no evidence of disconformity is 
apparent between the upper surface of the Tulu Bor and the 
fauna yielding Corbicula. Any molluscan interchange between 
north-east Africa and southern Eurasia is unlikely to have been 
strictly ‘one-way’, and it is therefore of interest that the only 
known Eurasian occurrence of the African prosobranch Bella- 
mya unicolor (Olivier) is from the 'Erq el-Ahmar beds of the 
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central Jordan Valley’®; these beds аге not directly dated but 
immediately overlie a basalt (the ‘cover basalt’) recently dated 
at ~3.2 Муг?“ 

A major humid episode and consequent expansion of rain- 
forest in East Africa at 3.3-3.4 Myr should be reflected by 
palaeoclimatic events elsewhere. In fact, the regional episode 
of rainforest expansion discussed here appears to correspond 
broadly to the early Gauss ‘ice-age transition’ episode, long 
considered to signify the initial formation of significant Northern 
Hemisphere ice sheets?"?, However, this transition episode 
essentially represents a unidirectional palaeoclimatic deterior- 
ation reflecting the onset of ice-age conditions”, whereas the 
extremely restricted chronostratigraphic distribution of 
Antrocaryon and Potadoma in East Africa suggests a palaeo- 
climatic ‘punctuation’ or ‘overshoot’ of relatively brief duration. 

I thank F. H. Brown, who originally located the Potadoma 
material and provided stimulating discussions as to its signifi- 
cance, and D. S. Brown and J. P. Kennett for valuable comments 
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Reconstruction of prehistoric plant 
production and cooking 
practices by a new isotopic method 
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Los Angeles, California 90024, USA 


As archaeological research has focused increasingly on economic 
questions, archaeologists have collected data that reflect produc- 
tion and consumption of food. Macrobotanical remains, recovered 
by methods such as water flotation, often provide the most available 
and relevant data concerning production in archaeological con- 
texts. However, these data do not necessarily reflect the proportion 
of crops that were consumed'. Here we present a new method, 
based on isotopic analysis of burnt organic matter, allowing the 
characterization of previously unidentifiable plant remains extrac- 
ted. from archaeological contexts. We used this method to recon- 
struct prehistoric production, preparation and consumption of 
plant foods, as well as the use of ceramic vessels, in the Upper 
Mantaro Valley region of the central Peruvian Andes?. The method 
will be of use to archaeologists studying these prehistoric activities 
in other areas of the world. 

The basis for the isotopic method used here can be summar- 
ized as follows. Nitrogen isotope ratios separate modern plants 
into two groups’ legumes, capable of fixing atmospheric 
nitrogen, and non-leguminous plants, which must use nitrogen 
from the soil**, Carbon isotope ratios also separate modern 
plants into two groups, C, plants and C, and crassulacean acid 
metabolism (CAM) plants, which differ in the enzymes that 
catalyse initial CO, fixation’. Because all legumes are Сз plants 
and no C, or CAM plant is known to fix atmospheric nitrogen, 
combined C and N isotope analysis can be used to separate 
living plants into three groups: legumes, non-leguminous C, 
plants, or С, and CAM plants*’. Prehistorically burnt domesti- 
cated plants, identified to the species level and assigned to one 
of the three plant groups on the basis of this taxonomic informa- 
tion? *, retain their isotopic identities during burning and 
fossilization (Fig. 1a). Thus, isotope ratios can be used to 
separate prehistoric burnt plant remains into the same three 
groups as modern plants. 





$ Present address Department of Anthropology and Center for Ancient Studies, University of 
Minnesota, Minneapolis, Minnesota 55455, USA 


To gain information on crop production, we used the isotopic 
method described above to classify prehistoric plant fragments, 
extracted from the soil by flotation techniques, that could not 
be identified by morphological criteria because they had been 
burned so extensively. These specimens came from three sequen- 
tial occupation phases in the Upper Mantaro Valley region, 
namely the Early Intermediate Period/Middle Horizon 
(EIP/MH, 200 BC to AD 1000), the Huanca I period (H-I, AD 
1000-1200) and the Huanca II period (H-II, AD 1200-1470). 
The identification of the three phases is based on changing 
settlement patterns, ceramic type frequencies and radiocarbon 
dates™!?, Results of the isotopic identification of the morphologi- 
cally unidentifiable plant remains (Fig. 1b) were added to the 
much larger database of plant specimens identified by morpho- 
logical analysis). From these data we determined the changes 
that occurred in plant production during the three occupation 
phases in the Upper Mantaro Valley region (Table 1). (Because 
we have focused on plant production and consumption, we have 
included only the major agricultural crops of the region in 
constructing the table.) Among the indigenous crops, lupines 
(Lupinus mutabilis) and beans ( Phaseolus vulgaris) are legumes, 
maize (Zea mays) is the only C, plant (there are no CAM plants) 
and the remaining plants are all non-leguminous C, plants— 
namely quinoa (Chenopodium quinoa) and the tubers, which 
include potatoes (Solanum tuberosum, Solanum juzepczukii), oca 
(Oxalis tuberosa), olluco (Ullucus tuberosus) and mashua 
(Tropaeolum tuberosum)'?. The data in Table 1 indicate that 
during each phase, legumes and C, plants were produced in 
roughly equal amounts, but non-leguminous C; plants predomi- 
nated as the major crops. During the H-I period there was also 
increased production of C, plants (maize) and legumes com- 
pared with the preceding and subsequent periods. 








Table 1 Domestic plant group frequencies for three sequential 
occupation phases of the Upper Mantaro Valley 
Plant group frequencies (96) No. 
Non-leguminous soil samples 
Period C3 С Legumes analysed 

EIP/MH 74 29 23 171 
‘Hel 83 43 43 175 
H-II 69 13 20 265 


Values for each period represent the percentage of soil samples 
weighing 6 kg that contained the indicated plant group. This measure- 
ment is based on presence/absence of specimens in each sample and 
not on internal density of the plant type. The frequencies!!-!? do not 
total 100% but show the relative presence of plants The provenences 
of the sites are given in ref 10 
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To study prehistoric cooking practices and associated vessel 
function, we determined the isotope ratios of the organic matter 
encrusted on the inside surfaces of ceramic vessel shards exca- 
vated from habitations in the Upper Mantaro Valley region. 
Only the plainest self-slipped jar type had encrustations, 
although these encrustations did not occur on every self-slipped 
shard. From vessel reconstructions, we found that the encrus- 
tations covered the bottoms but not the upper walls ofthe vessels. 

All shards with visible encrustations were scraped to collect 
the organic matter. The 71 shards whose encrustations were 
analysed isotopically were chosen at random from all encrusted 
shards collected at the five sites spanning the three time periods 


for which we have the production data described in Table 1. 
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Fig.1 CandN isotope ratios of burnt plants and of encrustations 
from the insides of ceramic vessel shards excavated from archaeo- 
logical sites representing three contimious phases of occupation 
in the Upper Mantaro Valley area. The 6'°C and 8^N values are 
given for: a, prehistoric burnt plant fragments assigned to the 
indicated groups based on morphological criteria; b, prehistoric 
plant fragments too extensively burnt to allow such identification; 
e-e, vessel shard encrustations from the Early Intermediaté 
Period/ Middle Horizon (c), the H-I period (d) and the H-II period 
(e) Plant fragments and shard encrustatioris were cleaned in an 
ultrasonic bath and freeze-dried before the determination of their 
isotope ratios by methods described in ref. 8. The identified prehis- 
toric plants in a came from the three occupation phases and include 
all the local indigenous Andean crops discussed in the text. The 
boxes in each graph indicate the means +2 s.d. of the 8'^N values 
for the identified legumes and non-leguminous plants and of the 
8'^C values for the identified C; and C, plants shown in a Isotope 
ratios of modern plants in the three groups? are similar to those 
indicated by the boxes. Isotope ratios are given as ó* X values, 
where 


(*X/ X) apte 
(*X/ X) дадага 
For 8C values, *X/ X = C/C and the standard is the PDB 
carbonate (Сььв). For 8'^N values, *X/ X ='5N/'*N and the 


standard 1s atmospheric nitrogen (Мүң). The precisions for deter- 
mination of both the 85°C and 8!?М values are +0.2 per mil. 


8*Х = | ZI X1,000 per mil 
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For the purposes of this analysis, we assume that our random 
sample is representative of the total population of encrusted 
shards. ; 

Analysis of the encrusted organic matter by light and scanning 
electron microscopy (SEM) indicatés that all morphological 
characters useful for identification had been destroyed ‘during 
burning. Three lines of evidence indicate that these organic 
encrustations originated from plant material that was boiled and 
mashed before charring. First, SEM analysis of the encrustations 
did not reveal the presence of bone fragments, which would 
have survived the burning process. Second, the atomic C/N 
ratios of the prehistoric encrustations were similar to those of 
encrustations we made by cooking and then charring modern 
food plants from the Upper Mantaro Valley region onto ceramic 
vessels, but higher than those we produced by the same process . 
using fresh meat. The ranges and means +1s.d. of the C/N 
ratios were as follows: prehistoric encrustations, 8.2-19.3/12.8 + 
2.1 (n 5 71); modern plant encrustations, 8.2-38.8/23.4:: 10.0 
(n=8); modern meat encrustations, 4.4-6.1/5.340.8 (n6), 
where n is the sample size. Third, all of the prehistoric encrus- 
tations analysed were evenly distributed on the inside surfaces 
of the shards. The only way we could reproduce this type of 
distribution was by boiling and mashing fresh plants before 
burning them ontó ceramic vessels. Dry-toasting before charring 
produced a spotty distribution of burnt material on the vessel. 
Experiments with modern plants demonstrate that isotope ratios 
are not substantially altered when plants are cooked and then 
burned onto ceramic vessels. Thus; isotope ratios of the shard 
encrustations indicate the type of plants cooked in these vessels. 

The isotopic data for shard encrustations from the EIP/MH 
period (Fig. 1c) and the H-II period (Fig. 1e) show a strong 
clustering in the C; plant group box. For the intervening H-I 
period (Fig. 1d), however, the isotopic data provide evidence 
of C, plants mixed with С; plants in some of the encrusted 
samples. With the possible exception of a single sample from 
the H-II period (Fig. 1e), none of the shard encrustations shows 
isotopic evidence of legumes having been cooked in significant 
amounts in these vessels. " d 

The ceramic shards with encrustations came from large self- 
slipped jars, from midden and floor excavation proveniences, 
suggesting that they were fragmients of cooking vessels. The 
results from the isotopic analysis of these body shards support 
the hypothesis that these large jars were used for daily domestic 
food preparation. From this, we assume that food preparation 
practices reflect food consumption. 

We conclude that the prehistoric inhabitants of the Upper 
Mantaro Valley region used these ceramic jars to cook С; plants 
alone or C, plants and С; plants together, either simultaneously 
or sequentially, but did not cook legumes, either alone or in 
combination with non-leguminous plants. These conclusions are 
consistent with modern cooking practices in this part of the 
Andes (C.A.H., unpublished). Today C, plants (quinoa or 
tubers) are often boiled alone for a meal, whereas when maize 
is boiled, it is generally prepared with C, plants and spices. 
Comparison of modern and prehistoric processing of legumes 
is complicated by the present-day use of fava beans ( Vicia fava) 
and peas (Pisum sp.), which have been introduced from 
Europe’. Fava beans and peas are boiled as well as dry-toasted 
at present, whereas the indigenous legume Lupinus mutabilis is 
a casual food and tends to be toasted or eaten raw. Phaseolus 
vulgaris, although indigenous, is not in common use today. 
Although we do not know whether introduction of new plant 
foods influenced traditional cooking practices, our isotopic 
analysis of the shard encrustations indicates that present-day 
cooking patterns for indigenous plants also existed in the past. 

Comparison of the consumption data (Fig. 1c-e) with the 
production data (Table 1) indicates that temporal changes in 
food preparation paralleled changes in food production for the 
C; and C, plant groups. The absence of parallel trends in the, 
two activities for legumes and non-leguminous plants is probably 
related to how indigenous legumes were prepared. The evidence 
for maize on some H-I period shards (Fig. 1d), in association 
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with evidence of increased maize production at that time (Table 
1), suggests that the additional maize available to the population 
during this period was eaten as a bulk carbohydrate. We suspect 
that during all three periods maize was being consumed as chicha 
(fermented beverage) and cancha (toasted corn), Because there 
is no evidence for significant differences in social status during 
the H-I period”, differential access to resources based on social 
position cannot have helped to produce evidence for increased 
consumption of maize during this period. 

The isotopic method described here can be used to character- 
ize plant materials burned onto ceramic vessels (whether the 
vessels were everyday cooking wares, storage jars or ceremonial 
items) in areas that have plants from more than one of the three 
isotopically identifiable plant groups. This method should also 
be applicable to organic encrustations on vessel exteriors, iden- 
tifying plant groups used prehistorically as fuel 
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Studies of host resistance to parasite infection are usually based 
on experimental designs involving a primary infection and sub- 
sequent challenge exposure, resistance being recorded as the per- 
centage reduction in parasite establishment in challenged hosts 
when compared with that in uninfected animals‘ *, Few studies 
have focused on the dynamic nature of helminth establishment 
and mortality (and their presumed dependency on the rate of 
current exposure and past experiences of infection) in hosts 
repeatedly exposed to low levels of infection®"'. Here, we report 
the results of population studies on the dynamics of resistance to 
Schistosoma mansoni infection (a helminth parasite) in mice 
repeatedly exposed to cercarial invasion. Parasite burdens created 
by different levels and durations of exposure to infection reflect 
a dynamic interplay between rates of helminth establishment and 
mortality. Depending on the intensity of exposure, changes in 
worm load with duration of host infection vary from monotonic 
growth to a stable average parasite burden to convex curves in 
which the average load attains a maximum value before decaying 
in old animals. These trends are similar to observed patterns of 
S. mansoni infection in human communities”. 

Under conditions of constant exposure to infection and con- 
stant worm mortality, and.in the absence of acquired resistance 
to infection, average helminth burdens per host will rise 


, thereafter 
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monotonically as the duration of exposure increases to a stable 
equilibrium (an 'immigration-death process’)'®. Patterns of 
change in the intensity of S. mansom infection in human com- 
munities with host age, however, often show a rise to a maximum 
value in teenage or young adult age groups and a decline 
12-16 It is not known whether the observed decline іп 
older age groups reflects age dependency in the rate of exposure 
to infection (that is, an ecological process) or acquired resistance 
to worm establishment (an immunological process)!9!7. We used 
alaboratory modelto generate age-intensity curves of S. mansoni 
infection (a Puerto Rican strain) in inbred mice (CBA/Ca) by 
repeated exposure to constant numbers of cercariae, using four 
levels of cercarial exposure (Fig. 1a, b). Separate experiments 
revealed that ~50% of the cercariae to which a naive host was 
exposed became established as mature adult worms (5-week 
maturation period) (Fig. 1d). 

The severity of the initial rise in mean worm burden with age 
of the host and the maximum worm burden attained are depen- 
dent on the density of cercariae to which the host is exposed 
At the lowest infection dose, mice survived infection well and 
the experiment ran for 50 weeks with worm burdens attaining 
a stable plateau of ~4-6 parasites per mouse. Burdens of this 
magnitude may produce disease that most closely resembles 
human hepatosplenic schistosomiasis!5. At higher exposure 
levels some host mortality occurred (Fig 1a, b). In the two 
highest exposure experiments there was a decline in parasite 
burden in older mice, the severity of which was not accounted 
for by a dependence between host death rate and parasite 
burden. 

As the rate of exposure of the host to infective stages was 
kept constant with time, these observations suggest that the 
acquisition of resistance to infection occurs as the duration and 
intensity of exposure increases. The convex pattern (Fig. 1a) 
recorded for the highest exposure rate could have arisen as a 
consequence of a time-delayed density-dependent mechanism 
created by limitation of resources in the host, as opposed to 
host defence mechanisms. This seems to be unlikely for two 
reasons. First, there is clear evidence for immunological 
response to S. mansoni infections®. Second, our experiments 
generated comparatively low burdens of mature and juvenile 
worms when compared with the much higher worm loads that 
can be harboured in the mesenteric veins’. 

Perfusion of infected mice led to the recovery of juvenile 
worms throughout all the experiments, which suggests that para- 
sites can become estabiished in hosts despite long durations of 
past experience of infection and the presence of mature adult 
worms. The observed patterns of infection represent a dynamic 
interplay between parasite establishment (at a rate A) and worm 
mortality (at a rate per parasite of џи). The rate of change of 
the mean worm burden per mouse, M(t) with respect to time 
can be described by an immigration-death process where 


ам(:) 
dt 
In agreement with current understanding of the mechanism of 
immunity to S. manson: infection in mice, we assume that 
acquired resistance acts to decrease the rate of parasite establish- 
ment, A(M(t)), in a manner dependent on the accumulated 
experience of past infection, M(t), where M(t) = Jj М(г)аг. 
For simplicity we assume a linear dependency where 


койда меа) (2) 
0 


= A(M(1t))-uM(t) (1) 


with the constant = denoting the efficacy of acquired resistance, 
described in more detail in the accompanying paper. We 
further assume that the ‘immunological memory’ of past 
experience of infection is finite and decays as the time interval 
between the present and past experience increases with an 
average memory duration of 1/o (ref. 19). The model contains 
four adjustable parameters, A, u, = and o. Estimates are avail- 
able for A and џ (see Fig 1c, d) on the basis of our experimental 
design, and a crude estimate can be obtained for e (by noting 
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Fig. 1 a, b, Worm recovery through time from trickle infection 
experiments. Groups of 10 mice were exposed to infection at weekly 
intervals by paddling for 0.5 h in tanks containing a suspension of 
cercariae (of age «2.5 h) in 200 m dechlorinated tap water at 25 *C. 
Four infection densities were used: 10, 30, 100 and 300 cercariae 
per group per week. Worms were recovered at intervals post- 
infection by perfusion of the hepatic portal system with citrated 
saline and by general dissection. Symbols denote the mean worm 
recovery with standard error bars. Note that the abscissae start at 
5 weeks because of the maturation delay (~5 weeks) of S. mansoni 
in laboratory mice. Sohd line, predicted worm recovery calculated 
from the immigration-death model described ın the text (equation 
(1)). For (и — о)? » 4eA the solution of equation (1) is given by 


(pito)! (p, са 
Рі P2 
where A=Ao/(outeA); p-[-(uto)*tAY2, p;-—(nu* 


0-A)/2 and А=[(д—о)*—4єА]!/?. When 4єА > (и — е)? the 
solution adopts the form 


2A 10 pte 
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where 0=[4єА —(и—о)?]!/?. Equation (2) 15 a crude mimic of 
current understanding of acquired resistance mechanisms, as the 
value of = must be small to prevent negative infection rates. The 
choice of this function was determined by analytical convenience 
and the observation that establishment decays slowly as the sum- 
med past experience of infection rises (negative infection rates 
prevented by a very small & value). If the net infection rate 1n 
equation (1) « 0 (that is, е large), acquired immunity is assumed 
to influence parasite establishment and survival. a, Record of the 
results for cercarial exposure levels of 10 and 30 infective stages 
per week (model parameter values є = 0.0085 per week, с = 0.2 
per week and д = 0 045 per week (see с). The values of A calculated 
by means of the relationship shown 1n d were 4.711 and 14.13 per 
week, respectively. b, Similar to a but the results for cercarial 
exposure levels of 1 and 3 infective stages per week (A = 0.4711 
and 1.413 per week, respectively, other parameter values as defined 
for a). c, Adult worm survival over a 10-week period post-matur- 
ation. Two examples are shown where initial adult worm densities 
at week 6 of infection were ~40 and 25 parasites per mouse The 
symbols denote observed means (from 10 mice) and the solid lines 
denote the fit of an exponential decay survival model with constant 
death rate и = 0.045 per week d, Worm recovery 6 weeks post- 
infection of naive mice exposed to a single infection of varying 
intensity (0-110 cercariae). Symbols denote observed mean 
recoveries (10 mice) (the underlying distribution of worm numbers 
per inbred mouse was Poisson in form) and the solid line 1s the 
best-fit linear model with slope b = 0.4711 (that is, 40% of invading 
cercariae established within the host at week 6) where т^ = 0.99. 
Vertical bars denote 95% confidence limits The fit of the model 
to observed trends is poor in the early stages (weeks 6 and 9) of 
the cercariae/mouse/ week experiment (a) as a consequence of 
higher than average established rates in these batches of experi- 
mental animals (higher than the average value of 47% of exposure 
dose recorded in d). 
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the decline in juvenile worm establishment as a function of 
accumulated past experiénce of infection). At present nothing 
is known about the duration of immunological memory, but 
mode] predictions crudely mimic observed changes in parasite 
burden as the duration of exposure to infection increases, with 
a fixed value of 1/a0 = 5 weeks (obtained by trial and error) (Fig. 
la, b). 

The model (with no adjustable parameters other than that 
(A) set by the experimental design) is able to reflect accurately 
monotonic growth to a stable parasite burden for low exposures 
to infection and convex curves for high rates of exposure. This 
provides tentative support for the view that convex age-intensity 
curves of S. mansoni infection in human communities may arise 
partly as a consequence of acquired resistance. Observed pattens 
in man are probably generated by a combination of ecological 
and immunological processes”°. . 

To explore the significance of immunological memory, cura- 
tive chemotherapy was used in conjunction with repeated 
exposure to infection. For low and medium levels of exposure 
(1 and 10 cercariae per week), there were no significant differen- 
ces following drug treatment in mice with 9, 12 and 15 weeks 
previous experience of continual infection, when compared with 
primary trickle infections (Fig. 2a, b, c, d). Resistance following 
chemotherapy has been the subject of previous studies but the 
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Fig.2 Worm recovery following curative chemotherapy. 
Praziquantel was administered at a dose of 250 mg per kg divided 
into three applications given at 4-h intervals during a single day”. 
a, The control was exposed to infections of 10 cercariae per group 
of mice per week for 6 weeks before autopsy. The experimental 
groups (10 mice per group) were exposed to an identical repeated 
infection for 9, 12 and 15 weeks before chemotherapy; autopsy 
was performed after 6 weeks of reinfection. One-way analysis of 
variance on transformed data (a square-root transformation based 
on the observed Poisson distributions of parasite numbers per 
mouse) showed no significant differences between treatments and 
control at the 5% level. Note, however, that the type II errors 
associated with this test (and those associated with the data presen- 
ted in b, c and d) are large because of small sample sizes (10 mice 
per group). Studies involving much larger samples are required 
for future work. b, As for a except that worm recovery was perfor- 
med 9 weeks after initial infection in the control and after 9 weeks 
reinfection following chemotherapy in the experimental groups. 
One-way analysis of variance on transformed data (Ух) showed 
no significant differences between treatments and control at the 
5% level. с, The control group was exposed to infections of 100 
cercariae per group of mice per week for 6 weeks before autopsy 
The experimental group was exposed to 9 weeks infection before 
treatment (100 cercariae per week) and to 6 weeks reinfection post 
treatment. Student's t-test (x) showed no significant differences 
at the 596 level. d, As for c but with worm recovery performed 9 
weeks after initial infection in the control group and after 9 weeks 
reinfection in the experimental group. No significant difference at 
the 5% level (t-test). a-d, Vertical lines show the 95% confidence 
limits. Note that the sample sizes of experimental animals (10 mice 
per group) were low and further studies are required to confirm 
these observations 
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results (based on primary and single challenge experiments) are 
inconclusive!9-'^: residual protective immunity was apparent in 
some studies but not in others. Our results from continual 


exposure experiments tentatively suggest that the expulsion of 


adult worm burdens eliminates the ‘memory’ of previous infec- 
tions. 

Studies of parasite sstablishinent and mortality in hosts con- 
tinually exposed to helminth infection have many advantages 
over more conventional experimental designs when seeking 
information to help interpretation of observed epidemiological 
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Despite much research on immunological responses to helminth 
parasites, knowledge of the dynamic interplay between levels of 
herd immunity in humans and the rates of exposure, establishment 
and mortality of parasites remains limited" ". We describe here a 
simple mathematical model for the population dynamics of hel- 
minth infections which mirrors the development of a degree of 
acquired immunity within populations which are genetically 
heterogeneous with respect to immunological responsiveness. We 
interpret observed patterns in the age-specific intensity of infection 
and attempt to understand the possible effects of control measures 
based on chemotherapy and vaccination. Mass chemotherapy can, 
in some circumstances, reduce the level of herd immunity such 
that average worm burdens in the adult age classes rise above their 
precontrol levels. When certain individuals or groups are predis- 
posed to heavy infection???, selective or targeted drug treatment 
can have significantly greater impact than mass or random applica- 
tion. Conversely, model predictions suggest that effective parasite 
control by vaccination (if and when vaccines become available) is 
difficult to achieve in communities that are genetically 
heterogeneous in their ability to mount protective responses to 
infection. 

None of the existing epidemiological models of helminth 
transmission in human communities takes explicit account of 
acquired immunity, despite the growing volume of field!?-! and 
laboratory-based studies'””!? which attest to its significance as 
a determinant of parasite abundance. Infection with helminths 
and exposure to their diverse and complex ron coe generates 
varied and complex immune responses* "Acquired 
immunity seems to be characterized generally by a marked 
dependence on the degree of antigenic stimulation (the accumu- 
lated experience of infection over time), an ability to provide 
only partial protection against reinfection, and a transient 
efficacy", Host responses seem to be most effective against 
the invading larval stages of helminth parasites and, as such, 
act to decrease the rate of parasite establishment within the 
host^!?, In endemic areas, humans seem continually to acquire 
parasites throughout life, although the average intensity of infec- 
tion is often less in older than in younger age groups?! (Fig. 1a, 
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Fig.1 Observed and predicted patterns of age-related changes in 
the average intensity cf infection (horizontal cross-sectional pro- 
files). a, Hookworm infection in communities with varying 
intensities of transmission. Data sources are: curves 1, 3, ref. 29; 
curve 2, ref. 30; curve 4, ref. 31. The indirect measure of hookworm 
burden (intensity) is mean eggs per g of faeces. b, Schistosome 
infection in areas of high?" and low?? transmission intensity. 
Intensity measured by eggs per g of faeces (Kato technique). Note 
how in both a and b tke intensity profiles become convex in areas 
of high transmission intensity. c, Equilibrium/age-intensity curves 
(8M(t, a)/at=0) generated by the model defined in equation (1) 
(with A=0) with the following parameters (population assumed 
to be homogeneous): є = 0.0005, с = 0.00001, р = 0.33, A = 17 (top 
line); 10, 5 and 1 (bottom curve) (all rates are per yr). If the net 
infection rate in equation (1) <0 (that is, e large) acquired 
immunity is assumed to influence parasite establishment and sur- 
vival. Note how the curves become convex in shape as the intensity 
of transmission increases (the value of A). d, Similar to c but with 
parameter values: curve 1, at age 10, A— 10, р = 0.2, e = 0.009, 
о = 0.05; curve 2, at age 10, A —30, 4 —0.2, ғ = 0.001, с = 0.05; 
curve 3, at age 10, A—30, р —0.2, г = 0.004, o=0.1; curve 4, 
A=30, р = 0.2, e = 0.005, с = 0.02 (all rates are per yr). 


b). The degree to which intensity declines in the older people 
seems to be positively associated with the intensity of trans- 
mission (Fig. 1a, b). Much current debate centres on the relative 
roles of acquired immunity and age-specific changes in exposure 
to infection as determinants of such trends. 

Current understanding of acquired immunity can be crudely 
captured by a model in which the rate of establishment of new 
parasites within individuals of a given age, a, is inversely corre- 
lated with some accumulated average experience of infection 
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Lig. 2 Heterogeneity in ‘immunological responsiveness’ and i a 08 b 
exposure to infection. Model predictions for a population consist- 
ing of two types of individuals who represent proportions f; and 19 06 
Ja of the total population, where f, t f; = 1. where Mj(t, a) is the 06 
mean worm lead of type I individuals (Л) and М,(5 а) is the + * 04 
mean worm load of type II individuals (f,) at time, t, of age, a, 04 
at equilibnum (3Mj(t, a)/3t =Ə M(t, a)/8t —0) the model takes 02 
the form 02 

а 
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o Age (yr) Age (yr) 
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dM;(a)/da— E -е, f Mala) еее а | -mMxa) “Te „id n 
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where the subscripts to the parameters denote differences in their 8 E ES 
values between type one and type two individuals. Here A= ш в 18 
Ко,(Ь+ о,) M where 1/b ss the life expectancy of the human host, 5 0 5 14 
Rg, is the basic reproductive rate of the parasite in hosts of class s = 10 
iand M is the overall average worm burden in the entire population 8 20 $ 6 
(average over all age classes and types), z 2 
2 eo CUT 7 4 - 
М = У | M(a) е da j ° Аре (уг) ш 9 р i Age б i: 
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a, Predicted changes 
host population)^^!, 


with age in the negative binomial parameter k (which varies inversely with the degree of parasite contagion within the 
Model parameters: A, = 1, / = 0.9, ш = и. = 1, €; = £570.01, 0, = 02 — 0.1, A, = 20, f; = 0.1; all are per yr. The differences 


in A reflect differing rates of exposure to infection (perhaps induced by behavioural differences between the two groups of individuals). b, 
Observed age-related changes in k for hookworm infection (Necator americanus) in a village community in India®*. c, Predicted age-related 
changes in the mean worm burdens in type I individuals (M,(a)) (top solid line), type II individuals. (M;(a)) (bottom solid line) and the 
total population M(a) (diamond symbols). This example mirrors a population in which the wormy people (fraction fj) are few in number 
(Л =0.1) and are characterized by a short immunological memory (о; —1). The dominant proportion of the population (f= 0.9) have a 
long-lasting memory (o = 0.00001, that is, lifelong). Parameter values: Л, = А,= 20, ш = р = 0.25, £; € = 0.05; all per yr. d, Similar to c but 
the dominant proportion of the population are poor immunological responders to infection ( f, = 0.9) with a low rate of acquisition of immunity 
(e, = 0.00001) when compared with the small fraction of good responders (ғ, = 0.01). Parameter values: A, = 20, А, = 10, ш, —1, р = 0.25, 


7,7: 050 1, all per yr. 


through time. Laboratory studies of mice repeatedly exposed to 
helminth infectiom provide some support for this view (see 
accompanying paper"). We make the simple assumption that 
the rate of parasite establishment declines: linearly as the 
accumulated experiences of exposure to infection and worm 
load increase with age. ‘Immunological memory’ of these past 
experiences is assumed to last only for a finite period of time. 
These assumptions can be expressed as a single partial differen- 
tial equation denoting changes in the mean worm burden, 
M(t, a), with respect to time t and age a: 


aM(t, a) әм, a) 
at да 


= Roe А [ A(t) exp[—es(a — а] da’ 
V 0 
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Here A(t) denotes that per capita rate of infection at time t; it 
is a function of the average fecundity of mature worms, infective 
stage life expectancy (for indirectly transmitted infection this 
includes the life expectancy of short-lived vectors or intermedi- 
ate hosts), host density and the probability of host contact with 
infective stages or infected vectors?'. The parameters A and € 
record the strength of acquired immunity as it acts to decrease 
parasite establishment resulting from either exposure to infec- 
tion (A) or adult parasite burdens (s); 1/0, and 1/0, reflect 
the average duration of the immunolgical memory of past 
exposure and past worm loads, respectively (if с, = 0, memory 
is life-long; if o; oo memory is absent); and 1/ denotes the 
life expectancy of the adult parasites in man. Here, for simplicity, 
we set Д = 0 because past worm burdens partly reflect past 
exposure. However, equation (1) has the flexibility to allow for 
the somewhat different ways in which immunity is influenced 
by exposure to infection as well as by the burden of established 
worms. 

The acquisition of immunity to parasite establishment is 
assumed to be the only major constraint on parasite population 


M(t, a’) exp[-o;(a – a')] da' uM (t, | (1) 
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growth (parasite fecundity and mortality are taken to be 
independent of parasite density in the present model; such 
effects are discussed elsewhere^??!7?), Equation (1) assumes 
that the human population is homogeneous in its immunological 
response to parasite invasion (that is, є is a constant). This 
assumption can be relaxed by dividing the population into 
groups (fi... f.) in which e, u, A and о adopt different values 
(A, & м, and o,). At equilibrium (ӘМ (1, a)/at = 0), the mean 
worm burden at age a, M (a), is simply (with А = 0 and A real!?), 


(PEP oe PE enn] 0) 
Р, P2 
A=Ao/(opt+eA);  p-(A-u-9o)/2; 
p,7-(Atpto)2;  A-([p-oP—A4sAY; 


A = (a b)(Ro- 1)(b- ш)/є; 


and 1/b= human life expectancy (assuming a type И survival 
curve), The quantity Rp denotes the basic reproductive rate of 
the parasite???!7? (R,>1 for parasite persistence). Stochastic 
models for the distribution of worms among hosts in the equili- 
brium state reveal that the probability distribution of worm 
numbers per host is Poisson if e, с and u are constant within 
the human community (the homogeneous case) but overdisper- 
sed if Ro, o or р vary within different segments of the population 
(heterogeneity in immunological responsiveness or exposure to 
infection). Although crude parameter estimates are available for 
A (from studies of reinfection following chemotherapeutic treat- 
ment) and y, little is known about the possible values of ғ and 
c for the major helminth infections of man. However, the 
equilibrium/age-intensity curves generated by the model for 
various plausible values of є and o are similar to observed 
patterns (Fig. 1a-d). The model can mimic a range of patterns 
including: monotonic increase in M(a) to a stable plateau; 
M(a) peaking within childhood, teenage and early adult age 
groups, and then declining; and damped oscillations in intensity 
(Fig. 1a-d). For a fixed severity of the acquired response (в), 
the worm burden curve tends to be convex if memory is long, 
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“and/or transmission is intense, and/or worm life expectancy is 
опр. The age at which.a maximum worm load is attained 
‘depends primarily on the life expectancy of the worm (1/4) 
and the severity of acquired immunological response (є). Cer- 
^ tain of these predictions are in qualitative agreement with 
* observed trends: a decline in M (a) in older age groups is more 
apparent in areas of intense transmission (Fig. la, b). The 
damped oscillations in mean worm burden that can be produced 
within individuals unde r appropriate circumstances derive from 
: essentially the same mechanisms that can produce oscillations 
in the incidence ofi oparasitic infections, such as measles, 
within populations”. 
Observed distributions of parasite number per person are 
"invariably highly aggregated, with most people harbouring 
few worms and a few people harbouring most parasites (often 
70%. of the worms are harboured. by <10% of the 
community)”, For certain helminths, these ‘wormy’ 
“people seem to be predisposed to this state by as yet undeter- 
< mined genetic, behavioural or social factors"?; Under the 
‘assumption that predisposition to heavy (or light) infection is 
- primarily under genetic’*** (via the immune system) or 
"behavioural control, our model can be extended to encompass 
variability in the way different groups of individuals within a 
community either respond to parasitic invasion (different values 
of the parameters є, с and и) or are exposed to infection 
(different values of A). 

The range of patterns generated by such ‘heterogeneous 
models’ is bewilderingly large. Here, we simply focus on a model 
with two types of people; namely, high responders (resistive 

individuals who harbour low burdens) and low responders 
(wormy’ people). Figure 2 indicates a range of possible 
“patterns for the change in intensity of infection with age. 
Heterogeneity between the two groups generates aggregation of 
parasite numbers within the total population, as measured 
inversely by the negative binomial dispersion parameter, k (Fig. 
. 2a). Heterogeneity in exposure to infection (A), via its interac- 
"tion with the rate of acquisition of immunity, can generate 
age-related changes in the degree of parasite contagion within 
age classes; these patterns are similar to observed trends (Fig. 
2а, b). Oscillatory changes in worm load with age in high respon- 
- ders can be masked within the overall average burden if low 
“responders predominate and, conversely, the severity of infec- 
tion within ‘wormy’ people may be hidden by the overall average 
if high responders predominate (Fig. 2c, d). Therefore, average 
measures may hide interesting age-related trends in individuals 
predisposed to heavy or light infection. Such trends, if observ- 
able (by longitudinal studies of individual patients), could pro- 
“vide valuable insights into the nature of herd immunity to 
helminth infection. 
~The dynamics of naturally acquired immunity have important 
“implications for control programmes. Repeated mass chemo- 
therapy at a level less than that required to eradicate the parasites 
“ean significantly reduce the level of herd immunity and can raise 
; average worm burdens in the older age classes above the levels 
pertaining before control (Fig. 3a). This trend will be most 
apparent if strong, long-lasting immunity is acquired (where с 
is small and e large) in areas where transmission is intense 
; (especially relevant to schistosome and filarial infections). This 
“danger can be avoided by targeting drug treatment to those 
“predisposed to heavy infection (see, for example, Fig. 35). 
Although helpful for community-based chemotherapy, predis- 
“position to heavy infection as a consequence of poor immuno- 
~ logical competence may present serious problems for parasite 
control by vaccination (if and when vaccines become available). 
“А vaccine must be able to convert low responders (wormy 
"people) into high responders if vaccination on a community 
cale is to be successful. 
е model is a crude approximation to the true complexity 
of cquired immunity to helminths. Although it generates 
various epidemiological patterns that are similar to those 
actually observed, predictions must remain tentative; the main 
"purpose of theoretical analysis is to highlight some of the poss- 
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Fig. 3 Impact of chemotherapy on the intensity of infection. a, 
Homogeneous population (with respect to immunological 
responsiveness and exposure to infection) in which drug treatment 
is applied randomly (independent of parasite load) and repeatedly. 
The four curves denote the equilibrium/age-intensity profile for : 
the precontrol situation (curve 1, at age 10) and three levels of 
drug application which increase the overall death rate of the - 
parasite within the population from д = 0.25 (precontrol) to: 
и = 0.33 (curve 2, at age 10), 445 0.5 (curve 3, at age 10) and 
470.5 . (curve 4, at age. 10). Parameter values: 
Ар) = (o+ bb Au) R,-1] b-1/70, p = variable, «= 0.0005, 
с = 0.00001, Ry = 1:44 (when. и = 0.75), Ry = 2.13 (when 40.5); 
Ro=3.19 (when: ш = 0.33) апа А, —4.16 (when. p= 0.25). Б, 
Proportional change at equilibrium. (over that pertaining before 
control) in the overall population worm load, M (over all age: 
classes and all types of individual) in a population subject to 
varying degrees of treatment targeted at a ‘wormy’ fraction (/ = 
0.1). The non-wormy people (№ = 0.9) are untreated. The value of 
M was calculated from the equation 


2 ЛК (Б +0) fa RoX(b + т.) 
[b o) +е, Ro М] Go) * eR M] 


where b = 1/70, ©, 0.00001, е, 0.0075, т, = ©» 0.1, ш = 02, 
до = 0.6, Ro, = 4.67, Ко = 1.63. Horizontal axis denotes the extra 
death rate (above the precontrol value of д, and 44) resulting 
from mass chemotherapy. Curve 1. denotes the result of targeting 
in which only a fraction ( f, 0.1) are treated (the wormy people 
with a low e, value, a low parasite death rate (и) and a high 
parasite basic reproductive rate (Ror). Curve 2 denotes mass treat- 
ment of the entire population. Note that for an additional death 
rate of 0.3 per yr (on 44, in the case of targeted treatment, and on 
#, and p, in the case of mass application) the selective treatment 
of 10% of the population gives a reduction in average worm load -` 
(M) to ~50% (curve 1). By treating the entire population, only 
an additional 30% change is attained (curve 2). 





ible population-level implications of acquired immunity to hel- 
minth infection. In particular, the model indicates how valuable 
insights may be gained from. longitudinal epidemiological _ 
studies of fluctuations in. parasite load within individual 
patients'?-!^ and from experimental studies of long-term con- 
tinual infection i in laboratory animals, described in the accom- - 
panying paper'?. 
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Although both parental sexes contribute equivalent genetic infor- 
‘mation to the zygote, in mammals this information is not 
. necessarily functionally equivalent. Diploid parthenotes possessing 
two maternal genomes are generally inviable', embryos possessing 
two paternal genomes in man may form hydatidiform moles’, and 
nuclear transplantation experiments in mice have shown that both 
parental genomes are necessary for complete embryogenesis "5. 
7 Not all of the genome is involved in these parental effects, however, 
` because zygotes with maternal or paternal disomy for chromosomes 
1, 4, 5, 9, 13, 14 and 15 of the mouse survive normally ^^. On the 
; other hand, only the maternal X chromosome is active in mouse 
extraembryonic membranes’, maternal disomy 6 is lethal’, while 
non-complementation of maternal duplication/paternal deficiency 
_or its reciprocal for regions of chromosome 2, 8 and 17 has been 
recognized’? We report that animals with maternal duplica- 
; tion/paternal deficiency and its reciprocal for each of two par- 
ticular chromosome regions show anomalous phenotypes which 
“depart from normal in opposite directions, suggesting a differential 
оо functioning of gene loci within these regions. A further example 
=: of non-complementation lethality is also reported. 
The first set of opposite phenotypes was found in mice disomic 
for chromosome 11. These were produced, together with animals 
-with disomy 13, by intercrossing heterozygotes for the robert- 
sonian translocation, Rb(11.13)4Bnr, which typically exhibit 
high levels of non-disjunction of chromosomes 11 and 13 (ref. 
213) (Fig. 1). Disomy 13 mice appeared normal in all respects, 
“like other disomics previously produced ?, but disomy 11 mice 
were found to differ markedly in size from their sibs: sig- 












Fig. 1 Production and detection of disomy 11 and 13. Heterozy- 
gotes for the robertsonian translocation, Rb(11.13)4Bnr, exhibit 
high levels of non-disjunction of chromosomes 11 and 13. When 
intercrossed, normal disjunction in both parents results in the 
production of chromosomally balanced young; with non-disjunc- 
tion in one parent, monosomy and trisomy for chromosomes 11 
and/or 13 result; but when non-disjunction occurs in both parents 
and complementary products (as illustrated) unite, chromosomally 
balanced young disomic for chromosomes 11 (as shown) or 13 are 
produced. These are most readily detected. when one parent is 
homozygous for a gene marker; marked young are then either 
maternal or paternal disomics according to which parent carries 
the marker. Disomy 11 is detected in this way with a frequency of 
about 1-296'^ using the gene marker vestigial tail (vt). It has also 
been found with a dominant marker, Wavy coat ( Re"*). Marked 
maternal disomics are smaller than their sibs, marked paternal 
disomics are larger. Most unmarked young are of normal chromo- 
some origin but unmarked disomic young are also found; in crosses 
producing large paternal disomy 11 progeny, small maternal di- 
somy 11 young may also occur ( x and y, Fig. 2) and their genotype 
can be confirmed by breeding tests. The reverse is also true. The 
size phenomenon is not therefore dependent on the marker genes 
present. In the same crosses, satin (sa) was the marker for detecting 
disomy 13. 





Fig. 2 Maternal and paternal disomy 11 in a single litter. Litter 
from an unmarked Rb4Bnr female heterozygote sired by а vt 
marked Rb4Bnr male heterozygote. The vt marked paternal di- 
somic (x) is large, whereas one marked sib is clearly small (y). 
Breeding tests on such small animals show that most are not 
heterozygous for vt, but rather homozygous wild type and therefore 
maternal disomics. The reverse situation also occurs. Marked and 
unmarked disomics occur with near-equal frequencies, although 
seldom, as here, within single litters. 


nificantly, when their chromosomes 11 were of maternal origin 
they were consistently smaller than their littermates, and when 
their chromosomes 11 were of paternal origin they were con- 
sistently larger. This was true for both sexes. The phenomenon 
was most evident within a few hours of birth (Fig. 2), although 
the size differences present at birth (ratio of weights, 0.606 + 
0.015 р, п= 40, and 1.408 + 0.036 g, n =36) usually persist to 
adulthood (small 99, 0.576 + 0.036 g, п= 11; small dd, 0.6272. 






















































Adjacent! disjunction 











Fig.3 Intercrosses of T(2; 11)30H heterozygotes. Alternate segre- 
gation in both parents leads to the production of chromosomally 
balanced young; adjacent-1 or adjacent-2 disjunction in one parent 
leads to the production of young with unbalanced, duplica- 
tion/deficiency chromosomal constitutions. However, when adja- 
cent-1 disjunction occurs in both parents and complementary prod- 
ucts (as illustrated) unite, chromosomally balanced young appear 
which are either maternal duplication/ paternal deficiency or mater- 
nal deficiency/ paternal duplication for the distal region of chromo- 
some 11 (and vice versa for chromosome 2). These can readily be 

з. detected when one parent is homozygous for a gene marking this 
5: chromosome region, Ќе", in the present experiments. Each of the 
i two duplication/deficiency types occurs with a frequency of about 
11-14%, (n 514). When adjacent-2 disjunction occurs in both 
parents and complementary products (as illustrated) unite, 
chromosomally balanced young which are either maternal duplica- 
tion/paternal deficiency or maternal deficiency/ paternal duplica- 
tion for the proximal region of chromosome 11 (and vice versa for 
chromosome 2) should be produced. These should be detectable 
with a proximal 11 chromosome marker, waved-2 (wa-2), in the 
present experiments. When the female parent carried the marker, 
wa-2 progeny representing maternal duplication/paternal 
deficiency for proximal 11 were detected with a frequency of 
~1.3% (2/153 classified for wa-2 at 10 days of age); all were small 
like maternal disomy 11. No large unmarked young which could 
have represented maternal deficiency/paternal duplication for 
proximal 11 were detected, however, and, consistent with this, no 
wa-2 progeny were recovered (0/248) from intercrosses in which 
the male parent carried the marker. The genotype may therefore 
be lethal (see text). However, small, unmarked young which proved 
to be maternal duplication/ paternal deficiency types by breeding 

tests were recovered from the latter cross (3/248). 





0.045 р, п = 19; large 22, 1.328 +0.020 g, n = 15; but for large 
dd, 1.234 € 0.036 g, n — 14). 

The large and small disomics were proportionately normal in 
all respects, they exhibited no viability problems and both sexes 
were fertile. The size differences did not persist into the next 

generation; the progeny of both large and small disomics of 
' each sex and those of control Rb4Bnr heterozygotes were all of 
similar weight at birth and at 3 weeks of age. The absence of 
any indication of a maternal effect on progeny size may be 


ы attributed to the small litter sizes in all crosses, resulting from 


е high rates of translocation-associated. non-disjunction. 

Intercrosses between mice heterozygous for the reciprocal 
‘translocation, T(2; 11)30H, provided evidence that only the 
proximal region of chromosome 11 (proximal 11) was associated 
with the size phenomenon (Fig. 3). Neither maternal duplica- 
tion/paternal deficiency for distal 11, nor the reciprocal, resulted 
i mice which were of abnormal size at birth. However, maternal 
duplication/ paternal deficiency for proximal 11 resulted in mice 
_ which were small in size both at birth and subsequently, resem- 
bling maternal disomy 11 in all respects. No young representing 

maternal deficiency/paternal duplication for proximal 11 have 
-been found and it seems probable that this genotype is lethal. 











Fig. 4 Anomalous. young produced from Т(2; 11)30Н inter- 
crosses. x, Phenotype characterizing maternal deficiency/ paternal 
duplication for the distal region of chromosome 2; y, phenotype 
characterizing maternal duplication/ paternal deficiency for this. 

region (see text). ; 


As paternal disomy 11 is viable, the lethality may be reasonably 
attributed to the chromosome 2 constitution (maternal duplic 
tion/paternal deficiency for proximal 2) and represent a further 
example of the non-complementation phenomenon described 
by Searle and Beechey'?. 

The second set of opposite phenotypes was derived from the 
T30H crosses. Although both maternal duplication/ patern 
deficiency for distal 11 and its reciprocal were detected, bot 
genotypes proved to be postnatal lethals. Again, because both: 
maternal and paternal disomy 11 are viable, the lethality may 
be attributed to the chromosome 2 constitutions, namely; 
maternal deficiency/paternal duplication for distal 2 and 
its reciprocal. A lethality for maternal duplication/paternal 
deficiency for this region of chromosome 2 has been reported. 
previously’, but a characteristic phenotype can now be 
described. Such mice ‘have long flat-sided bodies with arched 
backs (Fig. 4). More strikingly, they become almost totally 
inactive within a few hours of birth and are killed by their 
mothers. Very few survive more than 24 h; A remarkable finding 
was that the reciprocal type, maternal deficiency/paternal dupli- 
cation for distal 2, shows an.effectively opposite phenotype. 
These mice have short square bodies with broad flat backs (Fi 
4) and are notably hyperkinetic. They usually survive for several 
days but fail to grow normally, and their behaviour becomes 
increasingly extreme, tremor and balance defects appearing 
frequently. Я 

Because the anomalous phenotypes.associated with maternal 
and paternal disomy 11 and corresponding types of duplica- 
tion/deficiency for distal 2 can each occur among the progeny 
of single crosses, maternal cytoplasmic effects cannot be respon- 
sible for the abnormalities. Rather, a differential functioning o 
maternal and paternal chromosomes or chromosome regions i 
indicated, which suggests the existence of a form of chromosom 
imprinting'*'> that affects gene activity. The contrasting. 
phenotypes (small and large; hypokinetic and hyperkinetic) 
depart from the normal in opposite directions and this suggests 
excess versus shortage of gene activity. This could mean either 
single or earlier activity of the paternal chromosome regions in: 
the cases cited, and inactivity or later activity of the correspond- 
ing maternal regions. Paternal duplication would then give 
excess/earlier activity and the reciprocal subnormal/later 
activity. The X-inactivation process! provides. precedence for ` í 
the activity of only one parental chromosome or chromosome 
















region"; precedence for an earlier activity of one chromosome 
“or chromosome region over its homologue has not been found, 
but has been reported at the gene locus level i in diverse species 
and inter-family hybrids, including the mouse’® 

The phenomena described could, of course, result from the 
-differential regulation of single loci in the chromosome regions 
с тсопсегтпей. The size phenomena associated with proximal 11 
_ might involve a growth hormone gene such as Ames dwarf 

(df), which lies in this chromosome region. The df mutant is 

of normal size at birth despite a severe deficiency of pituitary 
= hormones”, but the homologous chromosome region in тап? 

` carries a cluster of growth hormone loci”, and at least one of 
these acts in the placenta. Hormonal control of fetal growth 
mediated through the placenta is therefore suggested. For distal 
2, the behavioural problems of the anomalous mice may 1 mean 
‘they have neurological defects; therefore, thé wst locus?* may 
be involved. 

Single or preferential activation of regulator loci or of receptor 
loci, to give the latter different affinities for regulator substances, 
may underlie the phenomenon presented here, and detailed 
studies of the anomalous. mice may provide some answers. Ап 
interaction between loci in different chromosome regions is a 
further possibility and studies with translocations liaving other 
breakpoints in chromosomes 2 and 11 could be informative 
here. Whatever the mechanism operating, it may well be the 
basis of the non-complementation lethality phenomenon”? and 
the lethality manifested by parthenogenic and androgenic 
embryos!" 

Since submission of this paper, it has been reported that an 
0-base-pair DNA sequence thought to control pattern forma- 
on in early development, a homoeo box, is located on human 
chromosome 17.and mouse chromosome 11 (refs 29, 30) and 
therefore in the chromosome region responsible for thé size 
phenomena described here. Another homoeo box has been 
located on chromosome 6 (ref. 31), which exhibits non- 

























in chromosomes which show differential activity according to 
parental origin could be fortuitous, but the association suggests 
‘functional relationship. If true, homoeo boxes should also be 
found on chromosomes which show the parental origin 
phenomenon (2, 8 and 17), but perhaps not on those which do 
not (1, 4, 5, 9, 13, 14 and 15). 
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Much interest has recently centred on the properties of peptides 
that modulate the excitability of nerve cells. Such compounds 
include the undecapeptide substance P, which is particularly well 
established as an excitatory neurotransmitter'?, and we examine 
here its effects on magnocellular cholinergic neurones taken from 
the medial and ventral aspects of the globus pallidus of newborn 
rats and grown in dissociated culture’. These neurones have pre- 
viously been shown to respond to substance P? and are analogous 
to the nucleus basalis of Meynert in man^^, which gives a diffuse 
projection to the cerebral cortex and whose degeneration is the 
likely cause of Alzheimer's disease". Substance P depolarizes these 
cultured neurones by reducing an inwardly rectifying potassium 
conductance; this conductance has been found in several neuronal 
types^? and has similar properties to those of certain other 
cells'?-?, As discussed below, modulation of inward (or 
anomalous) rectification by substance P implies a self-reinforcing 
element to the depolarization caused by the peptide. 

Neurones grown from 10 days to 3 weeks in culture were 
examined under whole cell recording'^'? (for details, see Fig. 1 
legend). When substance P (3 uM) was pressure ejected onto 
neurones examined in constant current conditions, a depolariz- 
ation was produced (Fig. 1a) which lasted for 15s to 25 min. 
Its amplitude was rarely as large as shown in Fig.1la, but 
generally exceeded 1-2 mV. As described previously, this 
depolarization was associated with a fall in membrane conduct- 
ance (for example, refs 16, 17), but in the cells examined in the: 
present study, the fall in conductance was seen more clearly if 
the membrane was hyperpolarized (Figs 1b, 2a), implying that 
inward rectification?" is the conductance affected. 

In estáblishing that inward rectification is modulated, we have 
sought to satisfy three criteria; first, that a K* conductance with 
an inwardly rectifying current voltage relation is reduced; 
second, that the conductance depends on external K* concentra- 
tion as well as on voltage! '^ ^5; and third, that the conductance 
mechanism is nearly impermeable to rubidium (refs 10, 12, 19), 
which should therefore abolish the response to substance P. 

The nature of the response to substance P is illustrated in the 
current-voltage relations of Fig. 2b. The substance P-sensitive 
current reversed its polarity close to Ey, the equilibrium poten- 
tial for К“, reversal changing from —98.0:: 1.9 mV (n=6) to 
—85.4-- 1.3 mV (n = 14) to —57.9 € 1.6 mV (n = 7) as external K^ 
was changed from 2.5 to 5.0 to 12.5 mM (internal К”, 128 mM). 

Although it remains possible that conductances other than 
inward rectification are affected, neither the transient A-cürrent^? 
(Fig. 2a) nor the delayed K*-current seem to be involved in the 
response of these cells. As Ca**-activated K^ currents also | 
become activated under depolarization?"?^, rather than under 
hyperpolarization as here, their involvement i isunlikely. In addi- 
tion, in our experiments internal Са?" was buffered to 1077 M. 
The M-current, which is known to be involved in the response 
to substance Р in certain cells? was not seen in the conditions 
of our experiments. | 

Our experimental external solutions contained tetrodotoxin 
(TTX, 1 pM} to block Na* currents; and blockage of Ca^* 
currents with cadmium (0.5 mM, two cells) did not alter the 
response. Hence, the shape of the substance P-sensitive current- 
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Fig. 1 Depolarization (a) and change 1n membrane current (5), 
measured under voltage clamp, resulting from application of 3 „М 
substance P to a neurone cultured from the magnocellular basal 
forebrain of a newborn rat The cell had been grown for 11 days 
in modified Eagle's medium with Earle's salt at 37 °C in a 10% CO; 
atmosphere. The methods of isolation, dissociation and culture 
have been briefly described previously?, a detailed account of the 
methods will be published elsewhere. The initial resting potential 
of the cell was —65 mV; soma diameter, 28 рт, temperature, 
31.2 °C. In a, a steady current of —75 pA was applied, which took 
the resting potential to approximately —75 mV; current pulses were 
—240 pA in amplitude and 100«ms long. In b, the holding potential 
was —76 mV The depolarizing pulse was 20 mV in amplitude and 
the hyperpolarization, 60mV. Both were 100ms long. Ex, 
measured from the substance P response, was —89 mV. Whole cell 
recording was used!^!5, Recording pipettes were made from Blue 
Tip microhaematocrit capillary, and their tips were fire-polished 
but uncoated!^ The pipette used їп the experiment shown here 
had a resistance of 3.0 MQ. The pipette (intracellular) solution 
contained (mM)!5. K-aspartate, 120; NaCl, 40; MgCl, 3; CaCl;, 
0.25 and EGTA, 05 (calculated ionized Ca?*, 107 M); 
HEPES/KOH buffer, 5; Na;ATP (vanadate-free), 2. The pH of 
this solution was adjusted to 7.2 with KOH. External solution 
(mM): KCl, 5; NaCl, 145.5, CaCl, 2.4; МЕСІ,, 13, (+)glucose, 
11; HEPES/ NaOH buffer (pH 7 4), 5. Internal and external solu- 
tions were designed to have the same osmolanty (~310 mosmol). 
The recording amplifier was a List electronic type EPC 7 patch 
clamp, and currents were filtered at 3 kHz, using the filter of this 
amplifier. Records of current, voltage and timing of substance P 
application were stored on a Hewlett-Packard 3520B tape recorder 
for later analysis Voltage commands were provided from the gated 
output of a Digitimer type D4030, divided appropriately. Applica- 
tion of substance P was made by pressure ejection. A pipette, tip 
diameter 5 jm, was filled with external solution containing subst- 
ance Pat 3 uM Timed pressure pulses (~0.2 p.s.i and 1 63 s long) 

‚ ejected this solution onto the cell. To avoid excessive depolarization 
of neurites by substance P, this pipette was placed close to the 
soma of the neurone. In this experiment the distance was 12.8 pm 
from the edge of the soma, and single ‘puffs’ of substance P were 

applied at the times indicated by arrows. 


voltage relation is not influenced by altered activation of inward 
Na* or Ca?* currents under depolarization. 

The neurones we used possess long neurites whose membrane 
potential will not be fully controlled by the voltage clamp. 
Because this problem will affect the amount of membrane current 
we record, we minimized excitation of neurites by substance P 
by applying the peptide close to the cell body. We also attempted 
to test whether lack of complete control of neurites influences 
the shape of the relation between substance P-sensitive mem- 
brane current and membrane potential by applying tetraethyl- 
ammonium ions (TEA’, 50mM), which reduce membrane 
potassium conductance” and may therefore be expected to alter 
voltage decrements along neurites. ТЕА“ reduced the size of 
the response to substance P, but had no effect on the shape of 
the current-voltage relation (Fig 35). 

The second criterion for the dependence of the conductance 
on both external K* and voltage was demonstrated by measuring 
the response in the same cell in 2.5, 12.5 and 2.5 mM K* (Fig. 2). 
The dependence on external K* concentration (K+]o) is seen 
more clearly if the K-chord conductance is computed (by divid- 
ing the substance P-sensitive membrane current by the driving 
force on K*) and plotted against membrane potential (Fig. 2c). 
The relationship between conductance and potential was shifted 
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Fig. 2 a, Records of membrane potential (mp) (above) and membrane 
current (below) in 12.5 mM КЎ obtained before, during and after recovery 
from application of 3 M substance Р Holding potential, —76 mV, voltage 
steps depolarize and hyperpolarize by 60 mV for 100 ms. The pulses were 
applied 100 ms apart Horizontal arrows indicate the zero current level Note 
that the A-current is activated by depolanzation, but 15 unaffected by sub- 
stance P Inward currents are substantially reduced, and substance P seems 
to increase the rate of inactivation of these inward currents under hyper- 
polarization Three puffs (each 1 63 s long) were applied in гар succession 
to produce a brief plateau in the response to the peptide, during this time 
a membrane current-voltage relation was measured with pulse pairs whose 
amplitude increased in 10-mV steps from +10 to +60 mV This procedure 
took 6s to complete. b, Current-voltage relations froni the same cell as in 
a, measured first ın 2.5 mM (A), then 12.5 mM (Ф), then in 25 mM KŻ (0). 
The current plotted 1s the substance P-sensitive current, measured by sub- 
tracting the current at the end of the 100-ms voltage steps applied during 
the action of substance P from the average of the control currents measured 
before and after Tecovery from substance P application During the final 
run in 2 5 mM К“, no control was measured after substance P application, 
owing to breakdown of the seal between the recording pipette and the cell 
The initial resting potential of the cell was —77 mV, diameter of cell soma, 
26 рт, temperature, 29.2*C. In 25 mM К“ solution, NaC! concentration 
was 148 mM, and in 125mM К? it was 138 mM, otherwise the external 
solution had the composition given in Fig. 1 legend Ordinate, substance 
P-sensitive membrane current (nA), abscissa, membrane potential (mV). c, 
Chord conductance for the substance P-sensitive current The currents in 
25mM K* (A) and 12.5 mM K* (@) are divided by the driving force on 
K* (V— Ex, where Ey :s measured from the reversal potential of the 
substance P-sensitive current-voltage relations) The relations are fitted by 
Boltzmann expressions, according to 


gx = Ex{itexpi(v— / Kr" 


where gy 15 potassium conductance, y 1s limiting potassium conductance, 
V ıs the voltage at which 3 2x = 2к/2, and k determines the steepness of the 
curve. For 2 5mM K* ёк =9.0nS; V=-109 mV and k=115mV For 
12.5 mM К“, к = 15 0 п; Ӯ = —62 mV and k= 13 8 mV. Inward rectifica- 
tion of egg cells! and skeletal muscle? has previously been fitted to an 
expression similar to the above equation, with a similar steepness for voltage 
dependence, and an approximately similar increase in gy with [K*], The 
measured Ey (indicated by vertical arrows) shifts by 40 mV when [K*], 1s 
increased from 2 5 to 12 5 mM (theoretical, 42 mV), V shifts by 47 mV, close 
to the shift in Ex Ordinate, substance P-sensitive chord conductance (nS); 
abscissa, membrane potential (mV) 
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Fig. 3 a, Records of membrane current made under 50 шу · 
depolarizations and hyperpolarizations from the holding potential * 


of ~76 mV, in a cell immersed successively in-5 mM К? solution 
and 5 mM К++ 50 mM ТЕА? solution. This concentration of TEA* 
leaves the A-current virtually unaffected, but abolishes delayed K* 
currents recorded under depolarization. Inward rectification is 
reduced, as indicated by the reduction in inward current under 
hyperpolarizatión and by the reduced response to substance P (b). 
b, Substance P-sensitive current (measured as described in Fig. 2 
legend, but at the start of the voltage step) plotted against mem- 
brane potential in 5 mM К? (О) and 5mM Kt+50mM TEA* 


solution (A). The TEA* solution contained 96 mM NaCl. The line . 
to the TEA* results 15 that to.the open circles, multiplied by 0.26, ° 


indicating that the form of the current-voltage relation is not altered 
by TEA*, even though the current amplitude is reduced. Cell 
resting potential, —70 mV; diameter of cell soma; 24m; tem- 
perature, 29.9 °C; diameter of substance P pipettes, 5 рт; distance 
from cell, 12.8.рит; resistance of recording pipette, 3.0 MQ. 
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Fig. 4 Rb*-induced block of inward rectifica- 
tion and of the effect of substance P. a, Mem- 
brane current-voltage relation ‘obtained’ by. ' 
plotting current at the beginning of the 100-ms 
potential step or at the peak of the A-current, 
which becomes activated at potentials positive. 
to —50 mV. Currents were recorded in^ 5 mM 
K* (@) solution and then in 5 mM Rb* (zero 
K*, A) solutions. These solutions also con- 
tained NaCl at 145.5 mM, but were otherwise 


О 5nAT 1 


identical with that listed in’ Fig. 1 legend. "The | ж Р 
vertical arrow denotes the resting potential (RP) oT 


of the cell (~74 mV) recorded immediately after 
sealing the recording pipette onto the cell and | 
breaking the membrane patch for whole cell 
recording. The inset shows membrane currents 
obtained in response to 30 mV depolarizations. 
and hyperpolarizations from the holding poten- 
tial (—76 mV) in 5 mM K* and 5 mM Rb* sol- 
utions, 3.3 МО; diameter of cell soma, 24 jum; 
temperature, 30.3 *C. Ordinate, membrane cur- 
rent (nA); abscissa, membrane potential (mV). 
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to more positive levels at higher [к°ъ, a property characteristic . 
of inward rectification!''?, 

The third criterion that анлайне inward rectification from ` 
certain other classes of K* conductance is its low permeability 
to Rb* (refs 10, 12, 19). Figure 4 shows that replacement of. 
external K* by Rot blocks inward rectification, reducing the 
membrane current that flows at potentials negative and slightly 
positive to the resting potential. Evidently, Rb* is itself imper- 
meant and acts to block efflux of K* through the inward rectifier. 
The substance P-sensitive conductance of this cell had a current- 
voltage relation similar to that blocked by Rb*, and Rb* abol- 


. ished'the response to substance P (Fig. 46,c). 


We have investigated certain other properties of this substance 
P-sensitive permeability. It is blocked by the addition of external 
Cs* (2 mM), as are other inward rectifiers*2-7": it persists in 
the absence of external Na* (tetramethylammonium replace- 
ment), unlike that reported in hippocampal neurones?; it also 


: persists in the absence of internal Na", whóse replacement with 


K* does not abolish the response to Substance P. This property, 
(and its sensitivity to TEA* reported above) is shared with 


‚ inward rectification of skeletal muscle!9?5, but not with that of 
-egg cells, which is abolished in the absence of internal Na* 
(ref. 11)^ ` 


Our results with substance P on magnocellular basal forebrain 
neurones of the rat are reminiscent of those obtained with 


- serotónin on Aplysia -(inolluscan) neurones by Benson and, 


Levitan”. In Aplysia, serotonin enhances inward rectification 
by phosphorylating the K* channels through cyclic AMP-depen- 
dent protein kinase. Here subsiance P reduces inward rectifica- 
tion. Although we have not investigatéd the steps betweén the 
binding of substance P to its receptor, and the closure of К? : 
channels, it seems likely that an intracellular.second messenger 


' system'is, involved", and that this is not washed out during 


whole cell recording for periods up to 1 h. 
Substance P may: have several effects on nerve cells. For . 


„ example, in chromaffin cells, which secrete catecholamines, it 


acts indirectly, reducing the excitatory response to acetylcholine 
by increasing the rate of desensitization of nicotinic receptors 
for that transmitter”. In the central cholinergic neurones used 
in this study, excitability was increased, the more common 
physiological effect of the peptide!7. As we һауе shown, this 
effect is achieved by: reducing inward rectification, which cón- 
tributes substantially to the resting membrane conductance 
(Fig. 4). Because this K* conductance decreases on depolariz- 
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b, Membrane current removed by Rb* substitution. The РЕА relation was obtained by subtracting the current іп 5mM 'Rb* from ` 
that in 5 mM K*. Arrow denotes initial resting potential of the cell. c, Membrane current-voltage relation for the substance P-sensitive current 
in 5 mM K* (O) and in 5 mM Rb* (A) solution. These relations were obtained as in Fig. 2 by subtracting the current during substance P 
action from the average of currents measured in controls before and after recovery from substance P application. Vertical arrow, initial resting 
potential of the cell. In this cell, whole cell recording failed during the return to 5 mM K* solution. However, we recovered the substance P 


effect after Rb* application i in one other cell: 
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ation and increases as the membrane potential becomes more 
negative (Fig. 2c), substance P, by reducing К” conductance, 
will induce depolarization and this depolarization will further 
reduce K* conductance. Thus, by modulating inward rectifica- 
tion, substance P (and serotonin in neurones of Aplysia) will 
have a self-reinforcing element to its effect on excitability. 

We thank Dr Shigehiro Nakajima for help and discussion. 
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The excitability of various neurones in the mammalian central 
nervous system (CNS), ranging from motoneurones to serotonergic 
neurones, is enhanced by a,-adrenoceptor agonists’. Excitations 
mediated via a ,-adrenoceptors are associated with a slow 
depolarization and an increase in input resistance, probably result- 
ing from a decrease in resting potassium conductance’. However, 
the involvement of voltage-dependent transient currents in mediat- 
ing œ, excitatory effects has not been evaluated. An early transient 
outward current has been described which is important in regulat- 
ing the frequency of repetitive firing; it is activated by depolarizing 
voltage steps from potentials more negative than rest and blocked 
by 4-aminopyridine™*. This current, which has been termed ‘La’, 
was found originally in invertebrates‘ and subsequently in various 


vertebrate neurones °, The present single-electrode voltage-clamp: 


study demonstrates an early transient outward current (/,) in 
serotonergic neurones which is suppressed by noradrenaline and 
the @,-agonist phenylephrine; a suppression of I, may account 
in part for the acceleration of pacemaker activity induced by 
a@,-agonists in serotonergic neurones. 

Rat serotonergic dorsal raphe neurones, investigated in vol- 
tage-clamp conditions (see Fig. 1 legend), exhibited an early 
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Fig. 1 A transient cutward current in a serotonergic neurone and 
its suppression by 4-aminopyridine (4-AP). a, Spontaneous spikes 
of a typical serotonergic neurone in the dorsal raphe slice prepar- 
ation; note the large AHPs, followed by a rapid phase of depolariz- 
ation and then a plateau period before the subsequent spike. In 
b, the slice has been perfused with TTX (1 pM) to eliminate sodium 
spikes and the cell has been voltage clamped at —70 mV (holding 
current, —0.01 nA); a step depolarization to —45 mV elicits a 
transient outward current (arrow) which peaks approximately 8 ms 
after the depolarizing step; a superimposed trace shows the virtual 
absence of a transient outward current when the holding potential 
is —60 mV rather than —70 mV. In c, 10 min after the addition of 
1 mM 4-AP to the pezfusate, the transient outward current (arrow) 
is reduced by ~30% ‘leakage current was estimated by subtraction 
of instantaneous current after the —60 to —45 mV step). In d, 12 min 
after the 4-AP has been increased to 2 5 nM, the transient outward 
current (arrow) is reduced by more than 6096. In b and c the 
current traces are beneath the voltage traces; outward currents are 
upward going Photographs were taken on line from a storage 
oscilloscope. 

Methods. Coronal midbrain slices (300-350 рт) through the dorsal 
raphe nucleus were obtained from 53 male albino rats (125-200 g; 
Charles River). As described previously!5, slices were placed on a 
lens paper strip at the fluid-gas interface of a slice chamber; the 
temperature was kept at 3330.5 °С. Artificial CSF, gassed with 
95% 0,/5% CO, to give a final pH of 7.37-7.4, was composed of 
(in mM). NaCl, 130; KCI, 5.0; CaCl;, 2.0; MgSO,, 2.0, NaHCO,, 
25.7; NaH;PO,, 1 25: (+)glucose, 15. Drugs were administered in 
known concentrations in the perfusate; ascorbic acid (0.1 mM) 
was added to solutiors of noradrenaline to retard oxidation. There 
was a continuous flow of humidified 95% О,/5% CO, through 
the chamber. To facilitate the flow of fluid over the tissue, slices 
were covered with a monolayer of cotton gauze. To minimize 
capacitance and resistance, short stubby electrodes (7-8 mm, shank 
to tip; 30-50 МО) were pulled with a Brown-Flaming puller (Sutter 
Institute) using Microstar tubing (1.4 mm; Radnoti Glass Inc.); 
filling was.with 2 M KCl. Intracellular recording and single-elec- 
trode voltage clamping were conducted using an Axoclamp-2 vol- 
tage clamp (Axon Instruments); electrode settling time was within 
50-75 us, allowing switching frequencies of 4-6 kHz and a loop 
gain of at least 5 nA mV"! (30% duty cycle). Although phase lag 
was used (to prevent oscillations), false clamping was avoided by 
using optimal capacitance neutralization and by selecting a switch- 
ing frequency which allowed full settling to a horizontal baseline 
as determined by continuously monitoring input voltage'?. As an 
operational criterion of the adequacy of the space clamp, loop 
gain was increased until high-threshold calcium spikes, induced 
by step depolarizations, were completely clamped; this was carried 
out in the presence of TTX (1 uM; Sigma) to block sodium spikes. 
The dorsal raphe nucleus was visualized by its surface markings 
in incident light; serotonergic neurones within the dorsal raphe 
nucleus were identified by their characteristic long-duration action 
potentials (2 ms), high input resistance (200-400 MQ), large AHPs, 

and pacemaker potentials? +’, 


transient outward current with the characteristics of I, as 
originally described in molluscan neurones”. This current could 
be evoked by depolarizations from holding potentials below 
resting potential and suppressed by 4-aminopyridine (4-AP; 
n = 5) (Fig. 1); in unclamped cells in the absence of tetrodotoxin 
(TTX), 4-AP (1 mM) produced a marked activation of firing 
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Fig. 2 Suppression by phenylephrine of the transient outward 
current (Z4) in a serotonergic neurone and the reversal of this 
effect by prazosin a Shows the spikes of a neurone before clamping 
and treatment with TTX; this cell was not spontaneously active 
and spikes were evoked by 0.02 nA of depolarizing current. In b, 
ТТХ (1 М) has been added to the perfusate and the cell has been 
clamped at —70 mV (holding current. —0 01 nA); a step depolariz- 
ation to —40 mV elicits a typical I, As in Fig. 1, leakage current 
was estimated by holding at —60 mV (where F, is inactivated; see 
Fig.3e) and measuring instantaneous current after stepping to 
—40 mV (trace not shown). In c, the amplitude of J, 1s markedly 
reduced after perfusion (15 min) with artificial CSF containing 
phenylephrine (25 pM); note that the holding current has shifted 
to —0.07nA, indicating an increase in resting inward current 
Although not readily discernible at this gain and holding potential, 
there 1s also a prolongation of the outward tail current (thicker 
trace) with little or no change in maximal amplitude during pheny- 
lephrine administration; this effect was seen consistently for both 
phenylephrine and noradrenaline In d, 12 min after the addition 
of prazosin (5 uM) in the continued presence of phenylephrine, 
there 1s a total reversal of the suppression in 74. 


rate (not shown). A further similarity to I, is the fact that in 
artificial cerebrospinal fluid (CSF) containing 5 mM KCI, tail 
currents of this early transient outward current had a reversal 
potential of approximately —82 mV (+3 s.d.; n —4 cells); this 
shifted to —68 mV (+3 s.d.) ın 10 mM KCI, as would be predic- 
ted by the Nernst equation for a current carried by potassium 
ions. Based on these criteria, the early outward current of 
serotonergic neurones is hereafter designated I4. To achieve 
rapid responses, the effects of noradrenaline or phenylephrine 
on the amplitude of I, were tested at a concentration of 25 uM, 
which is approximately 10 times their ЕЮ; for activating the 
firing of serotonergic neurones!'. Phenylephrine (25 pM) pro- 
duced a marked reduction in the amplitude of I, (Fig. 2). For 
the total group of serotonergic cells tested in this manner, 
phenylephrine and noradrenaline produced a 38% (+10s.d.; 
n=8) and 34% (+13, s.d., n = 8) reduction in J,, respectively 
(leakage current was subtracted as described in Fig. 1 legend); 
increasing the concentration of phenylephrine or noradrenaline 
produced little or no further change. Activation/inactivation 
curves showed that suppressions of I, by phenylephrine (Fig. 3; 
п = 5) and noradrenaline (n = 5) were present throughout a wide 
range of voltages, with initial activation occurring between —60 
and —50 mV; in addition, phenylephrine reduced the leakage 
current (Fig. 3d), an effect which corresponds to the increase 
in input resistance detected by current-clamp methods’. 

The complex time course of current offset (see, for example, 
Fig. 3a, b) suggests the presence of transient currents in addition 
to l4; these may include rapidly activating Ca?* and Ca?*- 
dependent potassium currents (Ic, and I(c,5)^!?. To evaluate 
the possible involvement of Ca?*-dependent currents, the Ca?*- 
channel blocker cadmium (1 nM) was perfused until an early 
inward current (arrow, Fig. 4a) and a delayed outward current 
(including an outward tail current; double arrows, Fig. 4a) were 
blocked (Fig. 45); these currents, which were elicited from a 
holding potential at which J, is inactivated, presumably rep- 
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Fig.3 The effect of phenylephrine on J, activation/inactivation 
curves. In a and b, holding potential (А) is at —80 mV (holding 
current in a, —0 07 nA), current responses (lower traces) are to 
voltage steps (upper traces) ranging from —40 to —100 mV. Note 
that I, first becomes activated at —60 mV and increases progress- 
ively up to the —40 mV step. In b, the administration of phenyleph- 
rine (25 рМ; 18 min) results іп a decrease in amplitude at each 
step. In c and d, the holding potential is at 40 mV (hoiding current 
in c; +0 25 nA) with hyperpolarizing prepulse steps ranging from 
—50 to —100 mV; note that I, is de-inactivated only by hyper- 
polarizing steps below —60 mV. In d, following the administration . 
of phenylephrine (15 min), the holding current shifts to +0 16 nA 
and there is a reduction in the amplitude of J, elicited by a return 
to the holding potential (—40 mV). Note the decrease in leakage 
current in the prepulse series (—50 to —100 mV) during phenyl- 
ephrine perfusion as compared with the control series in c Ín e, 
control and phenylephrine traces for holding potentials of h= 
—40 mV and h = 80 mV are plotted as direct current-voltage (J-V) 
curves (no leakage current subtraction), as can be seen, at all 
voltage steps where I, is activated, phenylephrine reduces the 
maximum amplitude. Also note that phenylephrine induces a small 
increase in 'resting' inward current The slice was perfused with 
artificial CSF containing TTX (1 uM) throughout the experiment 
to block sodium spikes. 


resent components of Ic, and Гесь), respectively. When I, was 
once again evoked, it was found to be undiminished by Cd?*; 
in these conditions, phenylephrine had its usual suppressant 
effect (Fig. 4с, d; п= 4). 

Pharmacological studies have indicated that the noradrenergic 
activation of serotonergic neurones is mediated specifically 
by an o,-adrenoceptor!""?, Accordingly, prazosin, a highly , 
specific o,-antagonist in electrophysiological studies, com- 
pletely reversed the noradrenaline- or phenylephrine-induced 
depression of I, (Fig 2d; n=4 and 5, respectively). 

The results of the present study show that serotonergic dorsal 
raphe neurones possess an early transient outward current (J,) 
which can be elicited by depolarizations from potentials below 
resting levels and is suppressed by noradrenaline or phenyleph- 
nne. As serotonergic neurones in the dorsal raphe nucleus 
receive a direct noradrenergic synaptic input'*, the present 
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Fig. 4 Effect of the Ca?*-channel blocker Cd?* on the phenyl- 
ephrine induced reduction of I4. In a, a depolanzing step (h= 
~60 mV; holding current, +0.02 nA) to the command potential 
(—35 mV) induced a slow inward current (arrow) followed by a 
delayed outward current (note the outward tail current, double 
arrows); also note that at this holding potential I4 is largely 
inactivated. In b, after perfusion with Cd** (1 mM) for 20 min, the 
slow inward current and the subsequent outward currents are 
virtually abolished. In c, Cd?* perfusion was continued but here 
the holding potential was changed to —80 mV to elicit 74 (note the 
change in current scale). I, durng Cd^* was not diminished 
relative to its amplitude before Cd?* (elicited from —80 mV, not 
shown). In d, phenylephrine (applied for 9 min) produces its usual 
reduction in 74; full recovery from the effect of phenylephrine 
occurred within a 20-min washout period. After prolonged 
exposures to Cd?* (for example, >1h, not shown), it was no 
longer feasible to test for the response to phenylephrine because 
of increased membrane instability. In these experiments the 
artificial CSF was modified by substituting equimolar HEPES for 
NaH;PO, to prevent the precipitation of Cd?*. 


results suggest that the suppression of I, by noradrenaline 
represents a true reurotransmitter-induced modulation of this 
voltage-dependent current. 

Intracellular recordings both in vivo!? and in vitro!! show that 
serotonergic neurones are tonic pacemaker cells whose spikes 
arise from gradual interspike depolarizations rather than discrete 
synaptic potentials. The interspike behaviour of unclamped 
serotonergic neurones is characterized by a large afterhyper- 
polarization (AHP), then a short period of relatively rapid 
depolarization, and finally a plateau region lasting several hun- 
dred milliseconds which precedes spike іпійайоп!!. a, Stimula- 
tion markedly shortens the plateau period but does not reduce 
the initial amplitude of the AHP'’. Similarly, in preliminary 
voltage-clamp experiments, the amplitude of ly(c,, was not 
reduced and, in fact, its duration was increased by phenylephrine 
and noradrenaline (Fig.2c legend). This contrasts with В- 
adrenoceptor effects on hippocampal pyramidal neurones which 
are characterized by an inhibition of the Ca?*-dependent AHP, 
resulting in increased excitability due to reduced spike frequency 
accommodation!?", The plateau period of the pacemaker 
potential in serotonergic neurones occurs between -—60 to 
—50 mV; this is precisely the range in which I, becomes acti- 
vated (Fig. Зе). Thus, by suppressing JA, a,-adrenoceptors 
would abbreviate this plateau period and thereby, together with 
a reduction in, resting! potassium conductance’, accelerate 
pacemaker activity. It remains to be determined whether 
increases in neuronal excitability induced by @,-receptors else- 
where in the CNS also involve a suppression of ІА. 
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There is considerable evidence that cyclic AMP can modulate the 
electrical activity of excitable се115'—'° and that protein phosphor- 
ylation by the catalytic subunit (CS) of cAMP-dependent protein 
kinase is a necessary step in these modulatory effects'’”’, In 
analogy to alterations in enzyme activities following phosphoryla- 
боп!2, it seems possible that direct Phosphorylation of ion-channel 
proteins may alter their gating properties, giving rise to the 
observed changes in electrical activity. However, the results 
obtained so far do not indicate whether it is ion channels themselves 
that are Phosphorylated, or whether phosphorylation is simply an 
early step in some cascade of events which leads ultimately to 
modulation of channel activity. The development of single- channel 
recording techniques?" has provided a way to investigate this ues- 
tion. Here we describe effects of CS on: the activity of individual 
Ca?*-dependent К+ channels from the nervous system of tlie land 
snail Helix measured in isolated membrane patches and in artificial 
phospholipid bilayers. The results demonstrate that cAMP-depen- 
dent protein phosphorylation produces long-lasting changes in the 
activity of individual channels, and indicate that the relevant 
phosphorylation site is closely associated with the channel. 

Helix ganglia contain an identified group of neurones er F 
cluster) in which the outward current is predominantly Ca?* 
dependent”, and DePeyer et al? found that intracellular per- 
fusion of Cs could selectively enhance this Ca?*-dependent КЎ 
current in such neurones. Using detached Patches from these 
neurones in the ‘inside-out’ configuration”, we have observed 
Ca?*-dependent K* channels-with Ca?* and voltage dependen- 
ces 'as shown in Fig. 1. The maximal single channel conductance, 
measured using symmetrical K* solutions in the detached patch 
configuration, is 40-60 pS. Thus, this channel is distinct from 
the large conductance (200-300 pS) Ca?*-dependent K* chan- 
nels which have been described in several systems?*. Most of 
our experiments have been performed using 1 mM К? in the 
electrode (the outside of the membrane) and 120 mM K* in the 
solution bathing the inner membrane surface, to approximate 
the K* gradient seen by thé channel in the normal cell membrane. 
In these conditions the apparent single-channel conductance 
measured at 0 mV is ~20 pS, similar to that reported by Lux et 
al? for this channel in cell attached patches. Furthermore, the 
channel is K* selective, and thus is distinct from а Ca?*-depen- 
dent non-selective cation channel which we have observed in 
Helix neurones (D.A.E. and I.B.L., unpublished) and which has 
been described previously in several cell types?5-28, 
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Fig. 1 A Ca?*-dependent K* channel in an 
isolated patch of Helix aspersa neurone mem- 
brane. a, Continuous record of channel activity 
at 0 mV in a patch with its inner surface exposed 
to 1077 M free Ca?*. There are several channels 
in this patch (the dotted lines and the numbers 
to the right of the traces indicate the number 
of open channels). The single channel current 
is ~2.2 pA at the Na* plus K* reversal poten- 
tial, and approaches zero at the K* reversal. 
potential, indicating that the channels are K* 
selective. b, The same patch exposed to 107* M 
free Ca?*. Channel activity is decreased sub- 
stantially by this 10-fold decrease in free Ca?*, 
indicating that the channels are Са?* depen- 
dent. There is no indication of any activity of 
other types of channels in this patch. In the 
experimental conditions described below, we 
often obtained patches such as this where the 
activity over a wide potential range was entirely 
due to this type of channel Channel activity in 
such patches was analysed by integrating the L 
activity over baseline for a certain length of 80 ms 

time and dividing by the integral of one channel 

being open for that length of time. Thus, channel activity is expressed in umts of Np where N 1s the number of active channels in the patch 
and p is the probability of opening of a single channel. c, Analysis of channel activity in this patch as a function of membrane voltage for 
both 1077 M (П) and 10 * M (A) free Ca?*. The data were fitted by eye with the approximation to a Boltzmann distribution given by 
(Np) „(е0 olore] 1 + СУ Vea оре) where V is membrane voltage and Vma is the midpoint of the curve along the voltage axis. The 
fitted curves for 1077 M and 1075 M free Ca?* had virtually the same maximum Np (1.25 and 1.30 respectively) and slope (e-fold change per 
20.7 mV and 23.6 mV respectively), but the midpoints of the curves were about 30 mV apart. This shift is typical of our results in other experiments. 
Methods. The Helix central nervous system was desheathed and decapsulated in Helix saline containing 80 mM NaCl, 4 mM KCl, 10 mM 
CaCl, 5mM MgCl, 10 mM glucose, and 5:mM HEPES (pH 7.4). The exposed neurones were then bathed for 50 min at 37 °C in Helix saline 
containing 10 mg ті! trypsin. After 25 min the trypsin solution was taken up in a Pasteur pipette and gently flushed over the preparation for 
2 min. Enzyme treatment was terminated with six rinses of 37°C saline. Standard patch clamp recording techniques?? were used to form 
‘inside-out’ patches with seal resistances of 10 СО or more from neurones in the Е cluster. The patch pipette solution contained 60 mM NaCl, 
1 mM KCI, 40 mM CaCl, 5 mM MgCl, and 5mM HEPES (pH 7.4). The inner surface of the membrane was bathed in EGTA-buffered Ca?* 
solutions containing 5 mM EGTA, 120 mM KCl, 1 mM MgCL, 0.25 mM ATP and 5 mM HEPES (pH 7.4). The total concentration of CaCl, 
was either 1.13 mM or 3.72 mM to give free Ca** concentrations of —107* M and 107° M, respectively. The K* and Na” concentrations in 
these pipette and bath solutions correspond to а К+ reversal potential of —120 mV and a Na* plus К“ reversal potential of —20 mV. 
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Fig. 3 Time course of the increase in Ca?*-dependent К+ channel 
activity produced by CS. Each point 1s the Np value for a 10.24-s 
interval during the 80 s before and 100 s after the addition of 0.4 „М 
CS (vertical arrow). The patch was held at 0 mV during this time. 





Fig. 2 Modulation of Ca?*-dependent К^ channel activity in an 
isolated membrane patch by catalytic subunit of cAMP-dependent 
protein kinase (CS) CS was purified to homogeneity by the method 
of Peters et al?* and stored at —20 °C. The preparation was diluted 
100-fold with 1075 M free Ca?* bath solution immediately before 
use. The patch shown here was held at 0 mV in 1075 M free Ca** 
and contained at least five Ca?*-dependent K* channels. This 
continuous record of channel activity begins 50 s after exchanging 
the 0.2-ml chamber with 0.4 ml of 107? M free Ca?* bath solution 
containing 0.4 pM CS. Channel activity increased abruptly during 
the 8 s of this record and remained at this heightened level for the 
remainder of the patch lifetime (5 min). Arrows below the bottom 
trace indicate examples of occasional time periods when all chan- 
nels are closed amidst this heightened activity 


The traces in Fig. 2 were taken at the time indicated by the bracket, 
during the abrupt increase in channel activity resulting from CS 
addition. Dashed lines are drawn at the average Np levels before 
(Np = 0.45) and after (Np = 0.76) the abrupt increase. At 100s, а 
set of voltage steps was begun which ended at 250 s, and the Np 
value at 0 mV between 250 and 260 s is also shown. In the six other 
experiments performed in our laboratory, the onset of the effect 
was similarly abrupt and in six out of seven cases the increase in 
channel activity lasted for at least 5 min. In four additional experi- 
ments performed in collaboration with J. DePeyer and H. Reuter, 
similar abrupt and long-lasting increases in the activity of this 
channel were seen. In all three experiments in which patches with 
this channel were exposed to heat-inactivated CS, no changes in 
channel activity were seen for at least 10 min. In one of these 
experiments the patch was subsequently exposed to active CS and 
there was an abrupt increase in channel activity within 4 min 
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Fig. 4 Modulation of a reconstituted Ca?*-dependent К? chan- 
nel in a phospholipid bilayer formed on the tip of a patch electrode. 
A single channel which had been observed immediately after 
formation of the bilayer remained closed virtually all the time in 
a well containing 1.13 mM CaCl, to give a free Са?“ concentration 
of about 107° M (a). When the electrode was moved to a well 
containing about 107% M free-Ca?* (4.84 mM CaCl,), channel 
openings and closings were observed (b). When the bath solution 
contained either more or less KCI than the electrode, the single 
channel currents reversed at the calculated K* equilibrium poten- 
tial (-17 mV in this experiment); furthermore addition of Na* to 
either the bath or the electrode solution had no effect on the reversal 
potential, indicating that the channel is K* selective. In some 
experiments the channel exhibited openings even at free Ca?* 
concentrations as low as 1 nM, whereas in others it opened only 
in the presence of >10 uM free Ca7*. Furthermore, this Ca?*- 
dependent K* channel was only observed in about 30% of our 
membrane preparations. We cannot explain this variability between 
experiments However, the effects of protein phosphorylation on 
the activity of this channel (1n this case in the presence of 1075 M 
free Ca?*) were reliable and consistent from experiment to experi- 
ment. Treatment with 0.7 „М DTNB-inactivated CS?^ for 13 min 
had no effect on channel open probability (c). In contrast, treat- 
ment with 0.1 uM active CS led to a dramatic increase in open 
probability (d). The values to the nght of each trace are channel 
open probabilities for each experimental condition, calculated 
from at least 30s of record containing many opening and closing 
transitions. The voltage across the bilayer was +40 mV (corre- 
sponding to depolarization of the cell membrane) for the traces 
shown here. 

Methods. F clusters were dissected from Helix central nervous 
system, and were rinsed sequentially with Listerine, then with 
10 mM EGTA (pH 7.4), and finally with 20 mM HEPES (pH 7 4). 
They were then homogenized in the latter buffer (clusters from 
five Helix per ml of homogenizing buffer) using five strokes of a 
glass-glass homogenizer The homogenate was centrifuged at 
10,000g for 15 min and the pellet was discarded The supernatant 
was centrifuged at 100,000g for 60 min; the resulting supernatant 
was discarded and the pellet was taken as the source of membranes. 
The pellet was resuspended in 200 pl of 200 mM KCl, 20 mM 
HEPES (pH 7.4) by homogenization. To this was added 200 pl of 
a mixture of brain phosphatidylethanolamine/ phosphatidylserine 
(PE/PS, 3/1; Avanti) which had been suspended in 20 mM HEPES 
and sonicated until the suspension was clear. CaCl, was added to 
a final concentration of 0.1 mM, and the membrane/ phospholipid 
mixture was frozen and thawed three times The reconstituted 
preparation contained, in a total volume of 400 pl, 300-500 yg 
membrane protein ml !, 4 mg phospholipid ml^!, 20 mM HEPES, 
100mM KCI and 01mM Ca?* This preparation (100 pl) was 
placed in a well of a sterile microtitre plate (Falcon). A fresh plate 
was used for each experiment and all solutions were filtered 
through 0.45 рт filters to avoid spurious channels arising from 
bacterial contamination. The preparation was left for at least 5 min 
at room temperature to allow a phospholipid monolayer to form 
at the air/liquid interface. A fire polished patch electrode contain- 
ing 50mM KCl, 20mM HEPES (pH 7.4) was pulled through the 
monolayer twice to formla bilayer on the electrode tip????. The 
seal resistance for this experiment was 17 GQ, and the bandwidth 
was 1 kHz. Current across the bilayer was monitored, and when 
single-channel currents were detected the electrode was moved to 
an adjacent chamber containing 100 mM KCI, 20 mM HEPES 
(pH 7.4), 1 mM МЕСІ, 0.25 mM ATP, 5 mM EGTA, and CaCl, 

and enzymes as described above 
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Figure 1c shows the voltage dependence of channel opening 
at two different Ca?* concentrations. Because we never obtain 
patches which contain only one Ca?*-dependent K* channel, 
channel activity is expressed in units of Np, where N is the 
number of active channels in the patch and p is the open 
probability for an individual channel. Note that increasing the 
Ca?* concentration shifts the Np-voltage curve to the left, with 
little change in slope or in the maximum Np value. The shift 


‘in the mid-point of the curve is ~30 mV for a 10-fold change 


in Ca?* concentration. 

We have investigated the possibility that the activity of this 
channel can be regulated by cAMP-dependent protein phos- 
phorylation, by applying CS together with Mg?* and ATP 
directly to the inner membrane surface of inside-out patches. 
The results of one such experiment are illustrated in Fig. 2. At 
the beginning of the record (top trace) the channel activity is 
that normally observed іп the presence of 10 * М Ca?* at this 
voltage (0 mV, compare with Fig. 1b). During the 8-5 period 
shown, channel activity increases dramatically, so that by the 
end of the record (bottom trace) several channels are open a 
large portion of the time. 

Figure 3 shows the time course of the onset of this response. 
It can be seen that the Np value was stable before and for almost 
1 min after addition of CS (vertical arrow), and then abruptly 
increased to reach a new stable level. Such abrupt increases in 
activity were observed in all experiments in which active CS 
was added (n —7), with a latency ranging from 12s to 4 min. 
In all but one experiment the activity remained elevated for 
many minutes, often for as long as we could hold the patches, 
although on occasion there did seem to be some reversal with 
time. In contrast to these results with active CS, we have never 
seen such changes in channel activity either spontaneously, or 
following addition of heat-inactivated CS. 

A consistent finding in all our experiments is that CS causes 
an increase in Np at all voltages between —60 and +100 mV. 
Although the reasons are unclear, it seems likely that CS is 
having more than one effect. The results are consistent with the 
possibility that phosphorylation leads to an increase in the 
affinity of Ca?*-dependent K* channels for Ca?*, which shifts 
the Np-voltage curve to the left at negative voltages. The 
maximum Np at positive voltages is also increased, which is 
consistent with an increase in the number of functional channels 
in the patch, or with an increase in the maximum open probabil- 
ity for a given channel. 

These and other isolated patch experiments???? have provided 
direct evidence that the activity of individual channels can be 
modulated by cAMP-dependent protein phosphorylation, and 
demonstrate that the phosphorylation target must be something 
which remains associated with the patch of membrane when it 
is detached from the cell. This target may be the channel itself, 
or it may be some other membrane-associated element (for 
example, a cytoskeletal component) which comes away with the 
patch. To study this further, we have examined channel activity 
in a reconstituted system using homogenized F cluster neurones 
dissected from Helix ganglia and a crude membrane vesicle 
fraction prepared by differential centrifugation. When these 
vesicles are allowed to fuse with artificial phospholipid bilayers 
in conditions which permit the measurement of single channel 
currents across the bilayer?!, we find at least five separate K* 
channels which can be distinguished on the basis of their kinetics 
and single channel conductances (L.B.L. and A.W., in prepar- 
ation). At least one of these K* channels is Ca?*-dependent. 
These experiments have been performed in several different 
configurations, including large planar bilayers (80-200 рт 
diameter) formed across an opening between two chambers”!, 
and in bilayers formed on the tip of a patch electrode (‘tip- 
dipping’)*?**, Figure 4 illustrates an experiment in which a single 
Ca?*-dependent К? channel was present in the artificial mem- 
brane on the tip of a patch pipette. This channel has a single- 
channel conductance of 70-100 pS, somewhat larger than that 
of the Ca?*-dependent K* channel observed in membrane pat- 
ches. It also seems to be less sensitive to Ca?*, although the 
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Ca?* sensitivity of the bilayer channel varies markedly between 
experiments. It remains to be determined whether the channels 
in the patch and the bilayer are distinct, or whether the apparent 
differences in some of their properties result simply from differ- 
ences in their membrane environment. 

The bilayer channel is closed virtually all of the time in 
107* M C2?* at +40 mV (Fig. 4a), but is open for a significant 
time when the Ca?* concentration is raised to 107$ M (Fig. 4b). 
This degree of Ca?* sensitivity is in the middle of the wide range 
that we observed. There is no effect on channel activity after 
prolonged treatment (in this case 13 min) with dithionitroben- 
zene (DTNB)-inactivated or heat-inactivated CS (Fig. 4c). 
However, the opening and closing kinetics of the channel change 
dramatically within 20s of the addition of active CS, with a 
large increase in open probability (Fig. 4d). The latency for the 
onset of the response ranged from too fast to measure (that is, 
«5 s) to as long as 7 min. The p values to the right of each trace 
in Fig. 4 demonstrate the magnitude of the probability change 
at +40 mV produced by phosphorylation with active CS; such 
changes were observed in all the experiments (n —11) carried 
out with either the large planar bilayers orthe 'tip-dip' technique. 
Investigation of the change in probability elicited at various 
voltages by CS treatment produced results (not shown) entirely 
consistent with a shift in channel affinity for Ca?*. 

Previous studies from our own and other laboratories have 
provided evidence that protein phosphorylation can regulate 
the membrane properties of excitable cells. The present results 
extend these findings by demonstrating directly that the activity 
of individual Ca?*-dependent К? channels can be modulated 
by cAMP-dependent protein phosphorylation. In addition, the 
results put the phosphorylation site considerably closer to the 
channel; indeed, from the reconstitution experiments, in which 
individual channels are effectively at infinite dilution in the 
bilayer, we conclude that the phosphorylation target is either 
the K* channel itself or something intimately associated with 
the channel. Finally, clues have been provided about those 
aspects of channel function which are modulated by phosphoryl- 
ation, and it will be of great interest to extend these approaches 
to investigate the detailed molecular mechanisms of ion-channel 
regulation. 
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Bern; we thank them for their collaboration and for teaching 
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In proliferating B lymphocytes, somatic mutation of rearranged 
antibody variable (V)-region genes occurs at high frequency and 
may have a key role in the selection of these cells'?. It is of 
interest in this context to learn in which way single mutations can 
affect antigen binding and/or idiotypic specificity of an antibody. 
Previous investigations have analysed spontaneous mutants of 
myeloma and hybridoma cells in which the mutation affected the 
antigen-binding specificity of the antibody^^. Here we describe 
an antibody mutant that has fully retained antigen-binding speci- 
ficity but has lost or drastically changed all V-region antigenic 
determinants (idiotopes) of the wild type as defined by monoclonal 
anti-idiotope antibodies. The mutant phenotype is generated by a 
glycine to arginine exchange in the middle of the diversity (D) 
element, at position 103 of the heavy chain. 

The mutant was derived from the monoclonal antibody B1- 
8.61, which binds the hapten 4-hydroxy-3-nitro-5-iodophenyl- 
acetyl (NIP) with high affinity??. From a series of monoclonal 
anti-idiotope antibodies raised against antibody B1-8 (refs 11, 
12), two were used for mutant selection. Antibody Ac38 defines 
an idiotope (idiotope Ac38) outside the hapten-binding cleft. 
In contrast, idiotope Ac146, recognized by antibody Ac146, is 
presumably located close to the hapten-binding site because 
hapten and antibody Ac146 compete for binding to the B1-8 V 
region. Spontaneously arising idiotope loss mutants of B1-8.61 
were isolated by fluorescence-activated cell sorting. It has been 
shown previously that an Ас1467 Ac38* mutant has lost hapten- 
binding specificity together with the binding site-related idiotope 
Ac146*. The present experiments describe a mutant selected for 
the expression of the latter idiotope and against expression of 
idiotope Ac38. 


Table 1 Affinity and fine specificity of hapten binding to wild-type and 
mutant antibody 





NIP-cap | NP-cap 
(M) (M) Fine specificity 
B1-8.81 1x107 2x10? ММ№Р= МІР> NCLP-NP 
Bi-881V3 11x107 18x10? NNP=NIP>NCLP=NP 


The ІС; value is the molar hapten concentration resulting in 50% 
inhibition of binding of antibody (60 рв ml^') to N'IP-eap (4x 
1075 M), determined by Farr assay as described in ref. 9, For unknown 
reasons, IC; values for NP-cap differed reproducibly by an order of 
magnitude from those published previously!'?. The order of haptens 
according to affinity was: NNP, (4-hydroxy-3,5-dinitrophenyl)acetyl; 
NIP, (4-hydroxy-5-iodo-3-nitrophenyl)acetyl; NCLP, (4-hydroxy-5- 
chloro-3-nitrophenyl)acetyl; NP, (4-hydroxy-3-nitrophenyl)acetyl 
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Fig. 1 Serological analysis of B1-8.61 (A) and B1-8 51V3 (@) 
a, Direct binding in a solid-phase radioimmunoassay”. Plastic 
plates were coated with NIP-BSA or anti-idiotope antibody at a 
concentration of 50 ug ті! After saturating the plastic surface 
with BSA, B1-8 51 or B1-8.81V3 antibody was added to the coated 
wells at the concentrations indicated on the abscissa, and bound 
antibody detected with '"?5Llabelled monoclonal anti-mouse A1- 
chain antibody Ls136 (0.5 рр m7! ; refs 11, 27). Results are shown 
for NIP-BSA and the anti-idiotopes Ac146 and Ac38. The anti- 
idiotope antibodies Ac106, As79, A25 9.7 and A31 90.8 behaved 
lıke antibody Ac38 in that they failed to bind the mutant B1-8.81V3 
(data not shown). b, Binding inhibition The binding of iodinated 
antibody B1-8.81 to NIP-BSA or antr-idiotope-coated plates was 
inhibited by graded concentrations (abscissa) of unlabelled anti- 
body B1-8 81 (A) or B1-8.61V3 (6). Control binding without 
inhibitor 1s indicated (C) 


B1-8.81 cells were incubated with fluoresceinated antibody 
Ас146 (50 нап!) in the presence of a 100-fold excess of 
unlabelled antibody Ac38. In these conditions, only cells that 
have retained the expression of idiotope Ac146 but lost that of 
idiotope Ac38 are stained. Stained cells were then enriched in 
eight successive rounds of sorting, expanding the separated cells 
after each sort. The mutant cells were finally isolated by cloning 
and identified by a radioimmunoassay of culture supernatant. 
Fifteen clones produced antibodies of mutant phenotype, that 
is, antibodies binding to antibody Ac146 but not to antibody 
Ac38. The frequency of the variant cells in the original B1-8.61 
population is presumably 72 x10 5, as about 5 x 107 cells were 
used in the initial sorts. On the other hand, Ac146* Ac38" cells 
were not detected in the original population by fluorescence 
microscopy, staining the cells simultaneously with the two anti- 
idiotope antibodies coupled to different fluorochromes* and 
repeatedly screening 1 х10° cells. These results are consistent 
with previous data* and indicate that the frequency of a given 
idiotype variant in B1-8.81 cells is at least one order of magni- 
tude lower than the frequency of variants of the myeloma $107 
which have lost the property of antigen binding. 

Because of the rare occurrence of the variants and the fact 
that three of the variant cell clones behaved identically when 
tested with a variety of other anti-idiotopes, it seemed unlikely 
that we had isolated a series of independent mutants. Therefore, 
we chose only one clone, B1-8.51V3, for a detailed characteriz- 
ation. The antibody produced by this clone (antibody B1- 
8.51V3) was assayed for binding to a NIP-conjugate of bovine 
serum albumin (NIP,,-BSA) and the anti-idiotope antibodies 
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Fig.2 Binding of A1 light chain to vanant and wild-type heavy 
chain. The myeloma protein НОРСІ (IgG2a, A1) and IgD from 
B1-8.51 and B1-8.8V3 were mildly reduced with 10mM 
dithioerythrol (150 min, room temperature, in the dark) and light 
and heavy chains separated on a Sephadex G-150 column (Phar- 
macia) 1n 1 M acetic acid with 10 mM dithioerythrol. The various 
fractions were dialysed first against 10 mM sodium acetate pH 5.5 
and then against phosphate-buffered saline (PBS). When tested on 
a 75% SDS-polyacrylamide electrophoresis gel, the separated 
chains were >95% рше HOPCI A1 chains were 10dinated?, 
re-associated at 20 ug ml! in PBS with 1% BSA at 4°C overmght 
to either В1-8.51 (А) or B1-8.51V3 (A) heavy chains (20 wg mI!) 
and tested for binding to an Ac38 (30 ug mI?) anti-idiotope-coated 
plastic plate. The A1 chains can bind to the anti-idiotope only 
when associated with a B1-8 61 chain. Bound A1 chains were 
counted in a y-counter. The re-association of A1 to B1-8.61 or 
B1-8.61V3 heavy chains was inhibited by increasing amounts 
(abscissa) of B1-8.81V3 (6) or B1-8 61 (L1) heavy chains, respec- 
tively The two curves cross each other at roughly 5096 binding, 
indicating a similar affinity of the two heavy chains for the A1 light 

chain 
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Fig. 3 Amino-acid sequence of the B1-8.61V3 
heavy-chain variable region. The В1-8 61V3 
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antibody was cleaved by cyanogen bromide and 
the three fragments of the heavy-chain variable 
region isolated as described for B1-8 61 and 
B1-8.51V3 (refs 5, 28). Because H1 (residues 
1-34) and H3 (residues 82-128) are blocked by 
the presence of N-terminal pyroglutamic acid?, 
only H2 (residues 35-81) was sequenced 
directly by automated Edman degradation in 
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a spinning-cup sequencer. Fragments H1, H2 and H3 were cleaved with trypsin or/and thermolysine and the fragments isolated by reverse-phase 
HPLC. The peptides were identified by amino-acid analysis and compared with the В1-8.51 sequence (upper line, single-letter code). The 
peptides covering residues 20-34 and 99-128 were sequenced in a gas-phase sequencer?, The amino-acid compositions of the peptides covering 
residues 1-21 and 82-98 isolated from B1-8.81 and B1-8.81V3 were indistinguishable, suggesting that for these parts both heavy chains are 
identical. The sequence of B1-8.61V3 (lower, dashed line) shows at position 103 an arginine residue instead of the glycine found for B1-8.81. 
The region of the variable regions encoded by the D gene (D), J42 gene (J42) and the J42 border to the first constant domam (C51) are 


indicated by vertical lines. 


Acl46, А25.9.7, Ac38, A31.90.8, A6.24, As79 and Ас106. 
Zfficient binding was observed only in the case of NIP-BSA 
and antibody Ac146 (Fig. 1a). The Aci46 determinant, however, 
is also affected by the mutation, as the B1-8.51V3 antibody was 
about 100-fold less efficient than the wild type in inhibiting the 
binding of radiolabelled antibody В1-8.51 to antibody Ас146 
(Fig. 15). In the case of the anti-idiotopes Ac38, A25.9.7, As79 
and A31.90.8, binding inhibition by the mutant was even less 
efficient. 

Despite its drastic idiotypic alteration, the mutant antibody 
inhibited the binding of the В1-8.51 wild type to NIP-BSA with 
the same efficiency as the wild-type antibody itself (Fig. 1b), 
and the affinities of both antibodies to NIP and some related 
haptens were identical within the limits of the analysis (Table 1). 

The mutation in B1-8.81V3 was localized to the heavy chain. 
In chain re-association experiments, mutant and wild-type heavy 
chains, when re-associated to A1 chains of the myeloma HOPC1, 
gave rise to mutant and wild-type immunoglobulin, respectively. 
The mutation does not interfere with the capacity of the heavy 
chain to bind light chain, as the two heavy chains competed 
with equal efficiency for re-association to A1 (Fig. 2). Isoelectric 
focusing of Fv fragments revealed a small but distinct difference 
between the C-terminal heavy-chain variable-region fragments 
(relative molecular mass 19,000) of mutant and wild-type 
immunoglobulin (data not shown). 

The amino-acid sequence of the Уһ, D and joining (J) seg- 
ments of the B1-8.81V3 heavy chain, determined by the strategy 
developed previously for the sequencing of В1-8.51У1 (ref. 5), 
revealed a single amino-acid difference between variant and 
wild type; at position 103 a glycine residue is changed to an 
arginine residue (Fig. 3). 

In the previously isolated mutant, В1-8.51У1 (ref. 4), recombi- 
nation (conversion) between the expressed and a non-rearranged 
Viz gene had generated the mutant phenotype^$. Although we 
cannot exclude such an event in the case of B1-8.51V3, it seems 
more likely that in this antibody a point mutation has occurred, 
changing the glycine-encoding triplet GGT at position 103 (ref. 
13) into CGT, encoding arginine. Point mutation is also: the 
simplest explanation for the generation of mutants of the $107 
myeloma line with changed antigen-binding specificity®"*. 

The observations that single amino-acid substitutions can 
profoundly affect idiotypic and/or antigen-binding specificity 
and that the D element has a key role in determining idiotypic 
specificity are not new*'*-?°, The main point of the present 
analysis is the demonstration that a single amino-acid exchange 
in D can essentially eliminate the reactivity of an antibody with 
the majority of the anti-idiotopes raised against it, while leaving 
hapten-binding specificity intact. The conservation of NIP- 
binding specificity in the mutant, its reactivity with the NIP 
group on a macromolecular carrier (BSA), and the chain re- 
association data argue that the mutation has left the overall 
structure of the antibody and the hapten-binding cleft intact 
and selectively changed a surface structure (arginine 103 is a 
surface residue according to ref. 21) of key importance for 


idiotypic recognition. This structure may be directly involved 
in the interaction of the various anti-idiotope antibodies with 
the B1-8 V region. Like other protein interactions, idiotypic 
interactions seem in general to involve extended areas on the 
protein surface??. In the present system it has been shown that, 
in addition to D, residues in Уң and the V region of the light 
chain all contribute to the reactivity of antibody B1-8 with 
various anti-idiotopes**”*. It is therefore not surprising that, as 
far as analysed, the anti-idiotope antibodies compete with each 
other in binding to antibody B1-8 (ref. 11). Nevertheless, the 
points of contact differ for the various antibodies, as none of 
the target idiotopes is necessarily co-expressed with any other 
(refs 12, 23, 24 and our unpublished observations). Only some 
of the idiotopes are intimately associated with the hapten- 
binding site! 2, 

In biological terms, the B1-8.8V3 mutant demonstrates that 
a single amino-acid exchange can make an antibody essentially 
invisible for a variety of anti-idiotypic antibodies. Thus, somatic 
mutation can easily mediate escape from idiotypic control. 
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The phagocytic function of neutrophils is a crucial element in host 
‘defence against invading microorganisms. Two main specific recep- 
tor-mediated mechanisms operate in the phagocyte plasma mem- 
brane, one recognizing the C3b/bi fragment of complement and 
the other the Fc domain of immunoglobulin G (ref. 1). There is 
evidence that phagocytosis mediated by these receptors differs in 
the number and nature of the intracellular signals generated”. 
However, the mechanism by which receptor binding is transduced 
into a signal that generates the formation of the phagocyte 
pseudopod is not known, although extensive biochemical evidence 
has allowed the postulate that calcium ion gradients in the 
peripheral cytoplasm, by interacting with calcium-sensitive con- 
tractile proteins, initiate the process of engulfment®. Using the 
high-affinity fluorescent calcium indicator quin2 both to measure 
and to buffer intracellular calcium ([Ca?*]), we show here that in 
human neutrophils two mechanisms of phagocytosis coexist: a 
[Ca?*]-dependent and modulated phagocytosis, triggered by acti- 
vation of the Fc receptor, and а [Ca**],-independent mechanism 
triggered by the activation of the C3b/bi receptors. 

To monitor changes in [Ca?*], during phagocytosis, human 
neutrophils loaded with quin2 were exposd to yeast (Sac- 
charomyces cerevisiae) particles coated with IgG, C3bi or heat- 
inactivated serum. Figure 1 shows how [Ca?*], changes during 
the phagocytosis of different particles and also the kinetics of 
phagocytosis, expressed as a percentage of phagocytosing cells, 
in the same batch of quin2-loaded neutrophils. In contrast to 
the observations of Campbell et al.’ with latex particles, we 
found that with both IgG- and C3bi-coated yeasts, [Ca?*], rises 
after a lag time of 2-3 min, reaching a plateau at about 4-6 min 
and remaining elevated for >10 min. Both the lag time and the 
maximum rise in [Ca7*], was dependent on the yeast to cell 
ratio and the intracellular quin2 concentration (see below). No 
[Ca?*], increase was observed with unopsonized yeast that was 
not ingested (Fig. 1c). In several experiments, with both IgG- 
and C3bi-coated yeast, phagocytosis began slightly before the 
rise in [Ca**], became detectable. With cells loaded with 10 „М 
quin2 (same conditions as for Fig. 1), the rise in [Ca?*], was 
detected on average within 1.8 +0.4 (n =9) for C3bi-coated yeast 
and 2.8:+0.5 тіп (п =12) for IgG-coated yeast whereas 
phagocytosis was already detectable at 1 min for both IgG- 
coated yeast (7+3% ingesting cells, п = 5) and C3bi-coated 
yeast (27 896, n = 5). 

This kinetic discrepancy between the increase in [Ca?*], and 
phagocytosis may be explained in two ways. First, the kinetics 
of the [Ca?*], increase and that of yeast ingestion are similar, 
but because the rise in [Ca?*], occurs initially in a small propor- 
tion of cells, possibly in the cortical cytoplasm, the average 
value of (Ca?*], for the whole cell population, which is what 
quin2 actually measures, would be affected only to a small 
extent; only when a large number of cells becomes engaged in 
phagocytosis, and perhaps the increase in [Ca?*] spreads 
throughout the cytoplasm, is a significant average increase in 
[Ca?*| revealed by quin2. Furthermore, for a process like 
phagocytosis, which occurs as discrete events in a proportion 
of the whole cell population, the quin2 technique, by definition, 
underestimates the real rise іп [Ca?*], in the cells actually 
engaged in particle ingestion. Figure 1 (inset) shows that soluble 
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Fig. 1 Changes in [Ca?*], and phagocytosis of yeast particles by 
neutrophils. a, An experiment using yeast particles coated with 
rabbit anti-yeast IgG. The inset shows the effect of heat-aggregated 
(63 °C, 30 min) human IgG (500 ug ml!) on [Ca?*] in cells incu- 
bated in Ca?*-free medium + 1 mM EGTA. b, c, Experiments using 
C3bi-coated yeast particles (b) and unopsonized yeast particles (c). 
Methods. Purified neutrophils were loaded with the fluorescent 
probe quin2/AM as described previously!!. Loaded cells were 
incubated in a spec:rofluorometer (Perkin-Elmer LS3) at 37°C 
with a stirring system, and [Ca?*], as well as phagocytosis in 
suspension were measured Because the phagocytic assay uses 
fluorescein isothiocyanate (FITC)-labelled yeast particles?, both 
experiments were performed in parallel with different aliquots from 
the same batch of cells. Intracellular quin2 was 0.1 nmol per 10$ 
cells. Cells (5 X105) were incubated with yeast particles (2.5 x 107) 
in a total volume of 2.9 ml buffer containing 138 mM NaCl, 6 mM 
KCl, 1mM MgSO, 11mM CaCl, 5mM NaHCO,, 100ьМ 
EGTA, 5.5 mM glucose, 20 ПМ HEPES, pH 74 The IgG-coated 
particles were opsonized by incubating yeast with purified anti- 
yeast IgG (20 pg mI!) in the presence of 20% heat-inactivated 
(56 °C, 30 min) human serum; C3bi-coated particles were opson- 
ized by incubating tae yeast with 2096 fresh normal serum and 
unopsonized particles were incubated with 20% heat-inactivated 
serum. All particles were incubated at 37 °C, 30 min and washed 
before use No IgG was detected on the surface of the yeast 
incubated with serum? Phagocytosis of FITC-labelled yeast parti- 
cles was monitored by the fluorescent quenching method”, where 
the extracellular particles are quenched by adding trypan blue 
Phagocytosis 1s expressed as the percentage of phagocytosing cells 
The uptake of C3bi-coated particles was furthermore blocked by 
F(ab’), anti-C3c (J H. and O.S., unpublished observation). All the 
above experiments were performed on the same batch of quin2- 
loaded neutrophils. For total change in quin2 fluorescence, see 
Fig. 2 showing similar results. 
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Fig.2 Changes in [Ca?*], and phagocytosis of 

C3bi- and IgG-coated yeast particles by 

neutrophils loaded with different concentra- 10-3 


tions of quin2. a-d, Neutrophils were loaded 
with 10 or 30 рМ quin2/AM and [Ca?*], was 
monitored. Intracellular quin2 concentration 
per 10° cells were 0.11 and 0.34 nmol, respec- 
tively a, c, Cells loaded with 10 pM; b, d, cells 
loaded with 30 pM quin2/AM The number of 
neutrophils and yeast particles were as for Fig. 
1 legend. e, f, The effect of increasing cytosolic 
calcium buffering capacity by increasing 
intracellular quin2, on IgG- and C3bi-mediated 
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phagocytosis. e, Cells incubated with various 7 yeast-[o6G 
concentrations of quin2/AM inthe presence of 2.0х10- | 
1mM Са2* for 60min at 37°C. The 
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phagocytosis assay was performed with washed 
cells in the same medium containing 1 mM 
Ca?* f, Phagocytosis by cells incubated with 
various concentrations of quin2/AM ın the 
absence of extracellular Ca?* +1 mM EGTA 
([Ca?*], = 107? M). This procedure depletes the 
cells of intracellular calcium'*. The cells were 
then incubated in Ca?*-free medium at 37 °С 
for 5 min before yeast particles and Ca?* (final 
concentration 200 uM) were added. This con- 
centration of calcium 1s necessary to establish 
good binding of the yeast particles to the 
neutrophils Phagocytosis was monitored as 
described in Fig. 1, and expressed as the % of 
phagocytosing cells after 10 min. 100% = % of 
phagocytosing cells in the absence of quin2. 0 
The values for IgG- and C3b-coated yeast 

phagocytosis їп the absence of quin2 were 30% 

and 64%, respectively. 
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aggregated IgG, presumably by interacting with several recep- 
tors on most cells, initiates and mediates a rapid increase in 
[Ca?*], from intracellular stores, as also shown by others*?. (For 
further discussion of the problem of cell heterogeneity, see refs 
10 and 11.) A second possibility is that phagocytosis itself does 
not require an increase in [Ca?*], which, if correct, would 
indicate that the increase in [Ca?*], observed with IgG- and 
C3bi-coated yeast is an event that is secondary to phagocytosis 
and/or receptor triggering, and not directly related to the process 
of particle ingestion. 

To determine the role of the increase in [Ca?*], 
phagocytosis, we used the fact that quin2 not only measures 
[Ca**],, but can also act as a high-affinity calcium buffer inside 
the cells. Thus, increasing the intracellular quin2 concentration, 
[quin2], should decrease the amplitude and/or delay the 
increase in [Ca?*]. The presence of increasing concentrations 
of quin2 inside the cells should, furthermore, counteract the 
formation of large [Са2+], gradients within the cell (see also ref. 
12). Thus, it can be predicted that if phagocytosis casually 
depends on a local, or average, rise in [Ca?*], it should be 
inhibited and/ Or delayed by increasing [quin2]. Figure 2a-d 
shows that increasing [quin2], decreases the amplitude and 
delays the appearance of the yeast-induced elevation of [Ca^]. 
However, although the effect of quin2 loading on [Ca?*], is 
similar for both IgG- and C3bi-coated particles, its effect on 
phagocytosis is strikingly different. Figure 2e, f shows that 
phagocytosis of IgG-coated yeast is decreased markedly as a 
function of quin2 loading whereas ingestion of C3bi-coated 
particles is unaffected by increasing the intracellular calcium- 
buffering capacity; the percentage of ingesting cells (Fig. 2) and 
the number of ingested IgG-coated yeast molecules per cell are 
reduced to the same extent. The inhibitory effect of [quin2], on 
IgG-mediated phagocytosis was more pronounced in cells that 
had been loaded with quin2 in the absence of extracellular Ca?* 
([Ca?*])- EGTA  ([Ca?*1,- 10 ? M), а condition which 
decreases basal [Ca?*], and depletes intracellular Ca?* stores". 
In contrast, C3bi-coated yeast particles were ingested to the 
same extent and with the same rate independently of the loading 
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conditions. In cells loaded with quin2 in Ca?*-free buffer+ 
EGTA, resting [Ca?*], was reduced to below 10 nM; the addition 
of Ca?* (200 ЬМ) produced a slow (5 min) increase in [Ca?*], 
towards basal levels, the rate of the rise being unaffected by the 
simultaneous addition of Са?“ and opsonized yeast. 

Taken together, these data suggest that Fc receptor-triggered 
phagocytosis depends on [Ca?*], transients, possibly localized 
to some specific regions of the cytoplasm, whereas C3bi receptor- 
mediated phagocytosis occurs at the same speed and to the same 
extent independently of [Ca?*], A major problem in considering 
C3bi-mediated phagocytosis as a completely [Ca?*]-indepen- 
dent process, however, is the finding that at least 100 „М Ca?* 
must be present in the medium before yeast particle ingestion 
is observed. This probably does not result from an effect on 
[Ca?*], but reflects a role for [Ca?*], in the interaction between 
the surface of the cell and the yeast. It remains possible, however, 
that [Ca?*], is required to induce local changes in [Ca?*], ог 
that receptor triggering sensitizes the phagocyte machinery to 
resting levels of [Ca?*]. To exclude these two possibilities, it 
would be necessary to reduce [Ca?*], to 10 nM and maintain it 
at this low concentration throughout phagocytosis. At such a 
low Ca?* concentration, all known Ca?^*-dependent processes 
are almost completely inhibited. To study phagocytosis in 
the absence of extracellular calcium, C3b-opsonized endotoxin- 
coated oil particles were used which are efficiently ingested even 
at [(Ca?*]) = 1 nM". Figure 3 (right panel) shows initial ingestion 
of C3b-opsonized oil particles by neutrophils loaded either in 
Ca?*.containing medium ([Ca?*], =120 nM) or іп Ca?*-free 
medium -- EGTA ([Ca?*],— 10 nM), and tested in Ca?*-free 
medium + EGTA. Ingestion of C3b-opsonized oil droplets, at 
[Ca?*], 7 1 nM, was identical whether the [Ca?*], was 10 nM, 
where no Ca?* would be released by ionophore, or [Са?*], = 
120 nM and in the presence of ionophore-releasable pools. The 
oil particles are, unfortunately, strongly fluorescent at the quin2 
wavelength, which prevents us from monitoring [Ca?*], during 
oil droplet phagocytosis. 

The experiments shown in Fig. 3 support the [Ca^"], depen- 
dency and independency of Fc- and C3b/bi-mediated 
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Fig. 3 a, Effect of the calcium ionophore 10nomycin (1 рМ) on 
phagocytosis of C3bi- or IgG-coated yeast in Ca?*-containing 
medium. The ionophore was added 1 min before the yeast particles. 
Incubation time was 10min. Phagocytosis was monitored as 
described in Fig.1 legend and expressed as % of controls 
(zneutrophils + 0.196 dimethyl sulphoxide without ionophore). b, 
Effect of manipulation of [Ca?*], on the initial rates of ingestion 
of C3b-opsonized endotoxin-coated oil particles in Ca?* free 
medium +1 mM EGTA ([Ca?*], = 107? M) The oil particles were 
prepared and opsonized as described previously!?; at the end of 
opsonization (15 min, 37°C), 2mM EGTA was added to the oil 
particles. The phagocytosis experiments were performed in the 
above medium containing 1 mM Mg?*, 1 mM EGTA but without 
Ca?* ([Ca?*], — 107? M). Phagocytosis was stopped by ice-cold 
isotonic NaCl--1 mM N-ethylmaleimide--2 mM EDTA, and the 
cells were washed twice in the same buffer. 2, Phagocytosis in the 
presence of calcium by cells that were not loaded with quin2/ AM. 
О, Phagocytosis by unloaded cells in the absence of extracellular 
calcium (Ca?*-free medium +1 mM EGTA) ([Ca?*], = 107? M). It 
was 77% of the values obtained in medium containing 1 mM Ca?*, 
and 72% of the cells ingested oil particles. Ml, Phagocytosis by 
cells loaded with quin2/ AM in Ca?*-containing medium and tested 
in Ca?*-free medium+1mM EGTA. 8, Phagocytosis by 
quin2/AM cells, loaded and tested in Ca?*-free medium+ 1 mM 
EGTA. The intracellular quin2 concentration was 0.7 nmol per 10° 
cells. [Ca?*], in this last batch of cells was 8 nM, and no calcium 
could be released from intracellular stores by ionomycin. About 
70% of the neutrophils contained oil droplets at the end of these 
four experiments after 10 min incubation. 


phagocytosis, respectively. The IgG-coated yeast phagocytosis 
was inhibited by ~60% by preincubation of the neutrophils 
with the Ca?* ionophore ionomycin, whereas C3bi-mediated 
yeast phagocytosis was completely unaffected by this treatment. 
Ionomycin at this concentration increases [Ca?*], to >1 uM 
(not shown, see ref. 13) and should abolish any existing localized 
[Ca?*] transient. 

Our main conclusion is that two main mechanisms of 
phagocytosis seem to operate in human neutrophils First, 
C3b/bi-mediated phagocytosis, which occurs independently of 
[Ca?*], enabling phagocytosis, a motile event requiring a rear- 
rangement of contractile proteins$, to occur without the involve- 
ment of calcium ions. Other signals which trigger the contractile 
machinery must therefore exist. Whether latex particle ingestion 
occurs through a similar mechanism remains to be established. 
The elevation in [Ca?*], induced by C3bi-coated yeast should 
thus be considered a secondary event probably not directly 
related to phagocytosis. Second, Fe receptor-mediated 
phagocytosis, which possibly requires localized changes in 
[Ca**], and depends on the presence of this ion at least at 
physiological concentrations in the cytosol. The reduction, but 
not complete inhibition, of IgG-mediated phagocytosis by high 
quin2 loading or ionomycin іп Ca?*-containing medium suggests 
that Fc-mediated phagocytosis may occur, at least in part, 
through a mechanism that does not require major changes in 
[Ca?*]. However, we cannot eliminate the possibility that dis- 
crete local changes in [Ca?*], close to the plasma membrane are 
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sufficient to trigger some ingestion, or that some IgG-indepen- 
dent ingestion of the yeast particles may occur. 
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In 1975, Hamberg et al.' reported evidence for the existence of 
an unstable platelet-aggregating factor which they named throm- 
boxane A, (TXA;) and for which they proposed a novel bicyclic 
oxetane structure (1, below) based on the short half-life of the 
factor (t,/2(37 °C) = 32 s at pH 7.4) and the isolation of degrada- 
tion products related to thromboxane (TXB;) (2, below). As natural 
TXA, has not yet been isolated and characterized as a pure 
compound, we have synthesized the proposed structure (1) from 
TXB, and compared its biological properties with those of authen- 
tic, biologically generated material. Here we present evidence that 
synthetic material having structure (1) is indistinguishable from 
platelet-derived TXA, in various biological assays and that the 
proposed structure (1) for TXA, is correct. 
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The acid-lability of ТХА, is believed to be a result of the 
highly strained nature of the bicyclic oxetane acetal nucleus and 
it was only recently that the hetero-unsubstituted ring system, 
a 2,6-dioxabicyclo[3.1.1]heptane, was isolated”. (References 3-6 
describe the preparation of heterosubstituted derivatives.) Bhag- 
wat et al? prepared the TXA, model (3) by a modified Mit- 
sunobu’ etherification [(MeO);P, EtO,CN=NCO,Et, СНС] 
of compound (4), followed by mild free-radical reduction 
(Bu;SnH, C;D,, sun-lamp irradiation) and, auspiciously, (3) 
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Fig. 1 270-MHz 'H-NMR spectrum of syn- 
thetic 1,15-anhydro-TXA, in benzene-D,. The 
lower trace shows the complete spectrum, with 
assignments being confirmed by double-reson- 
ance decoupling studies. The upper trace shows 
ngo the expanded spectrum segment spanning 
25-57 p.p m. 





was found to undergo hydrolysis in the Krebs medium? at a 
rate comparable with that reported for TXA}. 

To prepare compound (1) by an analogous procedure, prob- 
lematic С, free-radical cyclization onto the C,3, C,, olefin in 
the penultimate precursor of (1) had to be avoided. This 
undesired reaction pathway could be eliminated by forming a 
conformationally restricted 1,15-macrolactone which prevented 
approach of the C,3, C;4 olefinic linkage to the С,о free-radical 
intermediate in the debromination reaction. Thus, TXB, was 
converted to the 1,15-macrolactone (5) using the Corey- 
Nicolaou procedure (refs 9, 10 and see also refs 11-13), then 
dehydrated to the 8-hydroxy enol ether (6) using 2-chloro-1- 
methylpyridimum iodide'*. Formation of bromohydrin (N- 
bromosuccinimide, 1% NaHCO,, H,0/Et,0; 51% yield overall 
from TXB,) and oxetane [(MeO)4P, EtO,CN=NCO,Et, 
CH,Cl,; 20% yield] then yielded 1,15-anhydro-10-bromo-TXA, 
(7, X=Br). Finally, polymer-bound tin hydride!? reduction and 
filtration of the tin reagent gave the crystalline, acid-labile 1,15- 
anhydro-TXA, structure (7, X—H, melting point (pentane) = 
81-82 °C) in high yield. Compound (7) (X=H) displayed the 
characteristic bicyclic oxetane 'H- and "C-NMR resonances 
which closely matched those of compound (3) (the 270-MHz 
‘H-NMR spectrum is shown in Fig. 1). The novel bicyclic 
oxetane structure of compound (7) was confirmed by single- 
crystal X-ray crystallography. 

Although macrolide (7, X—H) did not show the biological 
properties of TXA,, it was saponified in NaOD/D,0/CD,;0D 
(30 min, 22 °C) as evidenced by 'H-NMR, which showed open- 
ing of the 1,15-macrolactone with retention of the bicyclic 
oxetane nucleus, to yield the synthetic compound (1) (TXA;S) 
as its sodium salt, which did show the biological properties of 








TXA;. TXA;S was also prepared by saponification of compound 
(7) (X=H) with Me4SiOK/ in tetrahydrofuran and isolated as 
an amorphous solid by solvent evaporation. Although TXA,S 
underwent rapid decomposition 1n neutral or acidic solutions, 
it was relatively stable in the basic saponification solutions 
described and could be stored for up to 1 week at —20 ?C without 
significant loss of activity. 

TXA,S at concentrations of 16-100 ng ті! caused a con- 
centration-dependent aggregation of human platelet-rich plasma 
(PRP). Irreversible aggregation occurred with 50-100 ng TXA,S 
per ml for all cases examined, TXA,S was found to be ~10 
times more potent than the prostaglandin endoperoxide РСН; 
at inducing aggregation of human PRP. These comparative 
potencies (shown in Fig. 2) agree with published data'™". 
TXA;S (10 wg mI!) decayed in human plasma with first-order 
kinetics, with a half-life of 3.9 min at 37?C, consistent with 
values of 3 min?’ and 5-6 min”° determined by indirect methods 
for biologically generated material. The aggregatory effects of 
TXA,S were confined to platelets. At 2 pg ml! it did not aggre- 
gate human neutrophils nor did it stimulate formation of 
leukotriene B,. 

A selective thromboxane synthetase inhibitor with no accom- 
panying receptor-level antagonist properties (9,11-iminoepoxy- 
prosta-5,13-dienoic acid, U-54701) at 5-15 pg тї"! had no effect 
on platelet aggregation induced by TX A;S. In contrast, a related 
compound with receptor-level antagonist properties (9,11-diazo- 
prosta-5,13-dienoic acid, U-51605) at 1-3 ug mI! inhibited 
TXA;induced aggregation in а concentration-dependent 
manner, 

Hydrolysis of TXA,S їп 0.1 M phosphate buffer, pH 7.4, 
eliminated its biological activity and produced a substance that 
was immunologically indistinguishable from synthetic TXB;. 
Radioimmunoassay determinations of hydrolysed TXA,S 
yielded values of 84421, 60416, 39%11 and 25+8 pg TXB, 
(mean +s.d. at 95% confidence level, n =3) which correspond 
to the predicted values of 125, 62, 31 and 15 pg, respectively. 
The half-life of TXA,S at 37 °C in Krebs solution, measured by 
bioassay on vascular tissue, was 30 s, which corresponds closely 
to previously reported half-lives for biologically generated 
material". 

The substance that induces contraction of rabbit aorta, de- 
tected by Piper and Vane”? in the effluent of perfused guinea 
pig lung during anaphylaxis, was shown to be a mixture of 
TXA, and prostaglandin endoperoxides. Similarly, TXA, gener- 
ated by platelets or a partially purified platelet enzyme, has 
potent vascular contracting activity. Thus, both natural and 
synthetic TXA, contracted all vascular tissue tested including 
Krebs-superfused?? rabbit aorta, pulmonary, mesenteric and 
coeliac arteries and bovine coronary arteries. On most tissues, 
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Еір.2 Dose-response curves for aggregation of platelets in human 
platelet-rich plasma (PRP) for synthetic (a) and biologically gener- 
ated (b) TXA,. Whole blood (45 ml) was collected over 3.8% w/v 
trisodium citrate (5 ml). PRP (20 ml) was isolated from blood after 
centrifugation at 200g for 10 min at 25 °C. PRP suspensions (1.0 ml) 
were incubated at 37°C for 2 min, then transferred to an 
aggregometer cuvette containing TX A,S (10-200 ng) or prostaglan- 
din endoperoxide PGH, (100- 1,000 ng). Platelet suspensions were 
stirred at 1,100 r.p.m. at 37 *C and aggregation was monitored as 
described by Born”. To verify that the effects were attributable 
solely to exogenous TXA, or РОН», and to exclude any contribu- 
tion to aggregation from activation of endogenous arachidonic 
acid metabolism, PRP containing 250 4M aspirin was used. 


12-3 ng of TXA,S was the threshold dose for contraction, generat- 
_ ing ~200 mg of tension, with higher doses generating more than 
(2g of tension in rabbit aorta and 4g of tension in bovine 
"coronary arteries. The potency of TXA;S compared well with 
¿the activity of biologically produced TXA,, calculated from the 
“amount of РСН, originally in the incubation (assuming 100% 
< Conversion). Rabbit mesenteric and coeliac arteries respond to 
РСН, with a small, short-lived contraction, followed by larger, 
. longer-lasting relaxation"^, whereas TXA,S and biologically 
generated ТХА, gave only constriction. 
_ Although these experiments do not exclude the formal possi- 
_ bility that compound (1) is not TXA; itself but is converted in 
iwivo to a different material which is the endogenous TXA,, the 
qualitative and quantitative activity and the half-life of TXA,S 
provide strong evidence that the Samuelsson’ oxetane structure 
(1) for TXA, is correct. 
io. The synthetic work described here was carried out by S.S.B., 
;; P.RH. and W.C.S. at Columbia University. These authors thank 
‚Ог John Pike of the Upjohn Company for a generous supply 
г of TXB, and the NIH for support (HL25634). Biological studies 
‘were carried out by S.B. and F.A.F. at the Upjohn Company. 
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The basic gene defect in the autosomal recessive disorder cystic 
fibrosis has not been identified, and no firm linkage of the disorder ` 
to any other marker has been reported. However, a serum protein. 
abnormality present. in unaffected heterozygotes as well as in 
affected homozygotes has been described’, and immunological 
quantitation of this protein, termed cystic fibrosis antigen, allows 
the three genotypes to be distinguished^^. We show here that an 
immunologically indistinguishable protein is present at high con- 
centrations in granulocytes from normal and cystic fibrosis 
individuals as well as in myeloid leukaemia cells. Somatic cell 
hybrids between the mouse myeloid stem-cell line WEHI-TG and. 
myeloid leukaemia cells express cystic fibrosis antigen only when 
human chromosome 1 is present. | 

Cystic fibrosis is one of the most common serious genetic 
diseases in Caucasian populations: 1 іп 2,000 live births pro: 
duces an affected child. Assuming that homozygosity for mutant: 
allele(s) at a single locus gives rise to affected individuals*, the - 
expected heterozygote frequency in these populations is about 
1 in 22. The major abnormalities are those of exocrine secretion’. 
Raised sweat sodium and chloride concentration is currently 
the best diagnostic test for the disease®, but clinical problems 
arise because of chronic obstructive lung disease and exocrine 
pancreatic insufficiency leading to malabsorption and neonatal 
intestinal Ыоскаре?. Despite much effort to define the basic gene 
defect, no obvious candidate has been found among the many, 
mainly secondary, observed metabolic abnormalities. Therefore, 
the study of any abnormality which is manifested in a gene 
dosage-dependent manner in the symptomless obligate heterozy- 
Bote as well as in the affected homozygote may lead to the 
identification of a primary defect and hence to the aberrant gene 
in cystic fibrosis’. 

We have followed.a serum protein first described by Wilson 
et al! as a doublet band at pl 8.4 on isoelectric focusing (IEF) 
in the presence of urea. This doublet band is present in serum 
from cystic fibrosis hcmozygotes and heterozygotes but not in 
normal serum, a finding confirmed by several other groups* 9. 
Manson and Brock? produced a guinea pig antiserum to the 
doublet band cut ош of IEF gels. When used in. rocket 
immunoelectrophoresis, this antiserum distinguishes all three 
genotypes: homozygotes have high, heterozygotes intermediate 
and normals very low (or absent) concentrations of this protein; 
cystic fibrosis antigen. But the exact method of serum collection 
is critical for accurate quantitation of the antigen and hence for 
heterozygote detection. The performance of the rocket assay on 
optimally collected serum samples is described by Bullock et 
al”. Blood from normal individuals collected in the presence 
of the serine protease inhibitor benzamidine exhibits high levels: 
of cystic fibrosis antigen. Heparin- or EDTA-collected plasma 
samples, on the other папа, possess antigen levels expected on 
the basis of genotype, but produce poor rockets. | 

Attempts have been made to purify the antigen to identify it 
biochemically and to produce monoclonal antibodies which. 
would improve and simplify the heterozygote detection tech- 
nique, but with increasing purification the antigen was 
repeatedly lost. Partial purification by gel-permeation on Sepha-- 
cryl S-300, however, is possible. The antigen can be recovered 
in fractions strongly contaminated with albumin, suggesting that 
it has a relative molecular mass of —70,000. To attempt to 
eliminate this contamination, several probable tissue and cell 






































Fig. 1 Ouchterlony double-diffusion analysis for the presence of 
tystic fibrosis antigen. a, 1, Pooled sera from 15 cystic fibrosis 
homozygotes; 2, guinea pig antiserum raised against material cut 
out of the cystic fibrosis-specific doublet band region of IEF gels! 
(GP anti-IEF); 3, guinea pig antiserum raised against partially 
purified antigen from myeloid leukaemia cells (GP anti-CML); 4, 
antiserum raised as in 3, but in rabbit; 5, citrated plasma from a 
£ystic fibrosis patient; 6, GP anti-CML; 7, freeze-thawed, spun 
lysate in Dulbecco A buffer of peripheral leukocytes (at 10° cells 
per mi) from a CML patient who was the human parent in the 
WEMAD hybrids. 5; 1-5, Cell lysates prepared as for the CML 
cells above. 1, МЕМАР 1.1.9.1; 2, МЕМАР 1.1.6.3; 3, NYX 3.1 
(see text); 4, МЕН 3127.6.1; 5, WEP 1342.3; 6, cystic fibrosis 
serum pool; 7, GP anti-IEF. For assessment of antigen status see 
Fig. 2. Wells contained 10 pl of appropriately diluted antiserum 
or antigen. Diffusion was carried out for 24 h at room temperature 
in 1,59» Difco Noble agar in Dulbecco A buffer containing 0.02% 
azide;the gels were washed extensively in buffer with 0.05% Tween 
20, dried down on Gelbond and stained. with Coomassie Blue. 


types were examined as potential antigen sources? by rocket 
immunoelectrophoresis and by immunodiffusion. Peripheral 
leukocytes from chronic myeloid leukaemia (CML) patients 
proved consistently to be strongly positive for cystic fibrosis 
antigen, and antigen from normal granulocytes was immunologi- 
cally identical. It remains to be seen whether the presence of 
antigen in tissue lysates from adult liver, kidney and brain is 
‘caused by blood contamination of these tissues or whether it is 
‘intrinsic to tissue-specific cells. Lymphoblastoid cell lines from 
normal and cystic fibrosis individuals are antigen negative. 
Ouchterlony double diffusion demonstrates the immunological 
identity of cystic fibrosis antigen from serum and CML cells 
(Fig. 1a), and also shows that antiserum raised in rabbit and 
‘guinea pig against partially purified antigen from CML lysates 
detects the antigen in appropriate serum samples. 
o: it has been shown previously that at least some human 
‘granulocyte-specific products are expressed in somatic cell 
hybrids between the mouse myeloid stem-cell line WEHI-TG 
апа CML cells!'. To observe segregation of cystic fibrosis anti- 
gen with a human chromosome, we produced a series of 
independent hybrid lines between WEHI-TG and cells from 
four different myeloid leukaemia patients. As soon as sufficient 
cells were available from each hybrid line, cell lysates were 
tested by Ouchterlony assay for the presence of antigen. (WEHI- 
TG and mature mouse granulocytes are negative in this assay). 
Negative and positive hybrids were subcloned repeatedly to 
| achieve reasonable chromosomal stability. Subclones were 
assayed for cystic fibrosis antigen and analysed for the presence 
“of human chromosomes within the space of one to three transfer 
generations. Figure 1b shows the clear-cut results seen with 
» these hybrid lines as long as the equivalence point between each 
cell lysate and the guinea pig antiserum was predetermined by 
previous titration. The results of the complete segregation analy- 
* sison 15 subclones from 4 independent hybrid lines are summar- 
<> ized in Fig. 2. Antigen segregates with human chromosome 1 
|. with complete concordance. No other chromosome is con- 
5sistently present with this antigen, suggesting that the structural 
- -gene for this protein is on chromosome 1. Note that NYX 3.1 
— (а mouse myeloma x human B-lymphoblastoid line somatic-cell 
** hybrid containing chromosome 1 at high frequency) does not 
express the antigen. This observation agrees with the notion that 
this serum protein is a differentiated cell product. 
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Fig.2 The segregation of human chromosomes and cystic fibrosis 
antigen in subclones from a series of four independent hybrid lines 
between the mouse myeloid stem cell line WEHI-TG (ref. 11) and 
human myeloid leukaemia cells. Filled squares denote the presence 
of human chromosome in >30% of karyotyped cells (716 cells 
for each clone). Open squares denote the absence of the chromo- 
some in >95% of cells. Each series of marked subclones (WEMAD 
1, WEMAD 2, WEH and WEP) is derived from a hybrid line 
which arose from an independent fusion event. Fusion was effected 
between leukaemic cells and WEHI-TG (at 10:1 ratio) with 0.5 ml 
25% polyethylene glycol 1500 containing 1,250 haemagglutinating 
units of 8-propriolactone-inactivated Sendai virus. Hybrid cells 
were selected for by selection using hypoxanthine-aminopterin- 
thymidine”. Independent hybrids arose in separate wells. Subclon- 
ing was by limiting dilution and carried out repeatedly until reason- 
able chromosomal stability was established. Subclones were then 
grown up so that cells within a few transfer generations were 
preserved in liquid nitrogen, pelleted for antigen assay and karyo- 
typed by sequential trypsin banding'* and Giemsa-11 staining". 

The subclone WEH 3127.6.9 contained cystic fibrosis antigen and 
chromosome 1 was present in 32% of cells on first testing (a). Six 
transfer generations later (b) both the antigen and chromosome 1 
were absent from WEH 3127.6.9. Unidentifiable human marker 
chromosomes M,, M; and M, were found in some hybrids. None 

seemed to be derived from chromosome 1. 


As with other autosomal recessive diseases, the defect in cystic 


fibrosis presumably results from the absence of a normal biologi- : | 


cal function which arises only if both copies of a gene are 
aberrant. Assuming that the accumulation of cystic fibrosis 
antigen is closely related to the basic genetic defect, what sort 
of mutation could account for the observed pattern: high, inter- 
mediate and zero serum levels, in cystic fibrosis homozygotes, 
heterozygotes and normals respectively, of а protein 
immunologically indistinguishable (with available antisera) 
from a normal granulocyte product? 

Increased granulocyte fragility which might result from a 
membrane defect is an unlikely explanation because heterozy- 
gotes have increased antigen levels and yet are symptom-free. 
Suggestions that homozygote and heterozygote sera contain 
factor(s) which induce increased leukocyte degranulation” are 
not supported by our observation that serum levels of lactoferrin 
(a specific granule protein) are unaffected by cystic fibrosis gene 
status (D. Brock, S. Chung and V. van H., unpublished). Another 
possibility is that a protein that is routinely released into the 
circulation from granulocytes needs to be processed (for 
example, by proteolytic cleavage) to fulfil a normal biological 
function and in the course of this it becomes antigenically 
unrecognizable. The gene dose dependence of antigen level 
again makes it unlikely that the mutation resides in a processing 
enzyme as this would require the aberrant step in the processing 
sequence to be rate-limiting. The simplest. explanation is that 
the accumulated protein itself is the product of the cystic fibrosis 
gene and it is altered so that it cannot be normally processed. 

The probable site for the mutation, then, is a region of poly- 
peptide chain which acts as a site for a specific proteolytic 
cleavage step, probably one of several sequential steps involved 
in releasing a biologically active product from a precursor. This 
scheme would explain the presence of the high level of antigen 
and the absence of an essential function in affected homozygotes. 


Heterozygotes, on the other hand, would possess one погтайу 
























«processed copy of the cystic fibrosis gene and one mutant copy 
<- Which would give rise to a half dose of the antigen. 
-Resolving the biochemical identity of the cystic fibrosis anti- 
gen should provide insight into the nature of the disease and 
allow. critical assessment of the genetic hypothesis described 
“here. Ме are attempting the immunological purification of the 
antigen, using low-affinity monoclonal antibodies, and are also 
_ screening for high-affinity antibodies which will permit the 
^^ development of a more reliable heterozygote detection assay. 
< Attempts are also in progress to isolate the cystic fibrosis antigen 
gene by complementary DNA cloning. 

We thank Dr David Brock for encouragement and helpful 
discussion, Dr A. Geurts van Kessel for the gift of WEHI-TG 
cells, and Drs A. E. Dewar, C. A. Parkin, N. C. Allan, A. Birch 
and J. A. Raeburn for supplying blood samples. This work was 
supported in part by the Cystic Fibrosis Research Trust. 









i ¿i Received 15 February; accepted 2 April 1985. 


Wilson, G. B., Fudenberg, H. H. & Jahn, T. L. Pediat. Res. 9, 635-640 (1975). 
Manson, J. C. & Brock, D. J. Н. Lancet i, 330-331 (1980), 
- Bullock, 5., Hayward, C., Manson, J. C., Brock, D. J. H. & Raeburn, J. A. Clin. Genet. 21, 
336-341 (1982). 
. Romeo, С. in Cystic Fibrosis: Horizons (ed. Lawson, D.) 155- 164 (Wiley, Chichester, 1984). 
. Talamo, R. C., Rosenstein, В. J. & Berninger, В. W. in The Metabolic Basis of Inherited 
Disease (eds Stanbury, J. B., Wyngaarden, J. B., Frederickson, D. S., Goldstein, J. L. & 
Brown, M. S.) 1889-1917 (McGraw-Hill, New York, 1983). 
6. Denning, C. R. et al. Pediatrics 66, 752-757 (1980). 
7. van Heyningen V. Nature 311, 104-105 (1984). 
8. Nevin, G. B., Nevin, N. C., Redmond, А. O., Young, 1. R. & Tully, С. W. Hum. Genet. 56, 
387-389 (1981). 
9. Brock, D. J. H., Hayward, C. & Super, M. Hum. Genet. 60, 30-31 (19821. 

10. Grataroli, R, Guy-Crotte, O., Gafabert, C. & Figarella, C. Pediat. Res, 18, 130-133 (1984). 
COEL Geurts van Kessel, А. H. M., Tetteroo, P. A. T., von dem Borne, A. E. G., Hagemeijer, A. 
^ & Bootsma, D. Proc. natn. Acad. Sci, U.S.A, 80, 3748-3752 (1983). 

. Conod, E. J: Conover, J, Н. & Hirschhorn, К. Pediat. Res. 9, 724-729 (1975). 
Littlefield, J. W. Science. 148, 709-710 (1964). 

;Gallimore P; H.-& Richardson, C. R. Chromosoma 41, 259-263 (1973). 

ТУ Bobrov, M.& Cross, J, Nature 251, 77-79 (1971). 


Sih 


^R 






саннан ананна CELERE NON ae ТЫННЫ 





.. Human transforming growth 
. factor-a causes precocious 
eyelid opening in newborn mice 


Joseph M. Smith*, Michael B. Sporn*, 
Anita B. Roberts*, Rik Derynckt, 
у Marjorie E. Winkler? & Harry Gregoryt 


* National Cancer Institute, NIH, Bethesda, Maryland 20205, USA 
t Genentech, Inc., South San Francisco, California 94080, USA 

t ICI Ltd, Pharmaceuticals Division, Alderley Park, Macclesfield, 
Cheshire SK10 4TG, UK 





Both murine and human epidermal growth factors (EGFs) are 
; known to cause precocious opening of the eyelids in newborn 
. mice’. Another set of peptides that are structurally and func- 
tionally homologous to murine and human EGFs are the murine 
and human type-a transforming growth factors (TGF-as)*”’. 
TGF-os have been found in many cancer cells and it has been 
suggested that their autocrine action may play an important part 
in malignant transformation", In several in vitro systems murine 
` and human TGF-«s are functionally interchangeable with murine 
.;and human EGFs*'-', However, the im vivo activity of the 
-TGF-os has not been characterized, as only small amounts of 
"these peptides were available until recently. The cloning of the 
-gene for human TGF-a and its expression in Escherichia coli? 
now allow us to demonstrate that human TGF-a is as active as 
murine EGF in promoting eyelid opening in newborn mice. Further- 
more, we show in a dose-dependent eyelid opening assay that human 
ЕСЕ is as potent as its murine homologue with respect to this 
biological property. 
The original discovery and purification of murine EGF! was 
;Dased on the measurement of the intrinsic ability of this molecule 
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Fig. 1 Dose-response curve for activity of human TGF-a (A), 
human EGF (A) and mouse EGF (©) in accelerating eyelid 
opening in newborn Swiss mice. 


to accelerate eyelid opening as its primary activity. This proper 
formed the basis for the discovery of the identity of huma 
urogastrone and human EGF and their functional as well as 
structural homology to: murine EGF”, TGF-as were first 
described in retrovirus-transformed cells? and have subsequent 
been found to be secreted by a wide variety of rodent and human 
tumour cells, suggesting that aberrant expression of these pep- 
tides has a role in transformation. It has been speculated that 
TGF-a functions as an embryonic form of EGF, but it is uncer- 
tain what physiological role, if any, TGF-a has in post-embry- 
onic life. Both rat and human TGF-as have recently been 
isolated as pure substances and their amino-acid sequences 
determined” ; they have significant homologies with mouse and 
human EGFs, particularly with regard to the location of their 
six cysteine residues, which are important determinants of 
molecular shape through the formation of disulphide bridges. 
Human and murine EGF and TGF-a all bind to a common 
receptor, generally referred to as the EGF receptor, and the 
qualitative and quantitative activity of all four peptides in many 
in vitro assays is essentially the same® 1$, 

In the experiments reported here, 315 newborn mice were 
injected with human TGF-a, human EGF, mouse EGF or the 
vehicle for the growth factors (phosphate-buffered isotonic 
saline, PBS) as a control. Each of the three growth factors was 
shown to be pure by its unique amino-acid composition, par- 
ticularly by the absence of specific amino acids. Human TGF-a@ 








Table 1 Acceleration of eyelid opening by TGF-o and EGF 
Dose (ug) Mouse EGF Human EGF Human TGF-a 
4.0 8.8£0.2 (4) 

2.0 9.6: 0.1 (35) 9.4::0.1 (21) 9.6:: 0.3 (18) 
1.0 10.9 :- 0.1 (20) 10:6 € 0.1 (18) 10.5+0.2 (21) 
0.50 11.5 x: 0.1 (16) 11.4x 0.1 (18) 11.802 (18) 
0.25 11.802 (12) 11.5 0.1 (15) 11.62 0.1 (18) 
Control 13.93:0.1 (81) 13.9 € 0.1 (81) 13.9 € 0.1 (81) 





Values shown are the mean day of eyelid opening +5.е.; values in 
parentheses are the numbers of mice treated at each dose level. The 
doses are per g body weight. The data from four experiments, all of 
which yielded similar results, were pooled. Newborn mice were treated 
with growth factors dissclved in PBS or with PBS alone, as described. 
іп the text. The doses for the three growth factors were adjusted to be: 
equivalent to a murine EGF standard, as measured!? by the ability of 
each peptide to compete with '*I-labelled EGF for binding to. cell: 
surface receptors in normal rat kidney fibroblasts (NRK 49F). Based 
on amino-acid analysis, the amount of TGF-a per binding equivalent 
was fourfold greater than that of either mouse or human EGF. The 
effects of all dosages of TGF-a and both EGFs are significantly different 
from the controls (Student's t-test; P < 0.001). There are no significant 
differences between the effects of the three peptides themselves at any 
given dose; P — 0.5. 





. was purified by passage through Sephadex G-75 and HPLC © 


* after expression of the cloned gene in E. coli*; the material used 
“was essentially free of other proteins, as shown by the absence 
| of isoleucine and methionine on amino-acid analysis. Human 
ЕСЕ was obtained by chemical synthesis of the gene for this 
« peptide", followed by expression of the gene in E. coli". The 
expressed precursor protein (provided by С. D. Searle) was 
© cleaved with trypsin to give the exact human sequence, and the 
cleaved protein was isolated by ion-exchange and gel 
"Chromatography. The purity of this peptide was demonstrated 
|! by HPLC in three systems, by acrylamide gel electrophoresis, 
сапа by the absence of threonine and phenylalanine on amino- 
-acid analysis. Mouse EGF was prepared by acid/ethanol extrac- 
tion of salivary glands, followed by gel filtration, DEAE- 
: cellulose chromatography, and HPLC'5, which is a modification 
of the procedure of Savage and Cohen'?. The purity of the 
| murine EGF was shown by the absence of alanine, lysine and 
: phenylalanine from the final material. 

_ 1 Newborn Swiss mice were injected daily, beginning at 1 day 
“old, with one of the three growth factors or with a PBS control. 
All injections were made subcutaneously, in the nape of the 
neck, in a volume of 10 jil per g body weight. Each litter of nine 
mice was divided into three groups, which received different 
doses. of the same growth factor, or the same dose of each of 
e three growth factors. Each mouse was treated for eight 
nsecutive days; the doses used are shown in Table 1. Figure 
nd Table 1 show that human TGF-o, and human and murine 
EGF all accelerate normal eyelid opening, and that the effect 
s. dose-responsive, except at the very lowest dose used. 
Moreover, the response of the newborn mouse to the three 
ifferent peptides is essentially identical. 

In another set of experiments (data not shown) we found that 
transforming growth factor-8 (TGF-B), isolated from human 
blood platelets? and used at a dose of 400 ng per g body weight, 
either alone or in combination with murine EGF, had no activity 
in the eyelid opening assay. TGF-B has been shown to be a 
potent synergist of EGF in promotion of the growth of non- 
neoplastic rat fibroblasts in soft agar^ ^", 

Although the activity of human EGF in this eyelid opening 
assay has been described previously in tests involving small 
numbers of mice^?, the present data show definitively for the 
first time that the respective human and murine peptides are 
essentially identical in this regard. Furthermore, the almost 
dentical activity of TGF-ao and the two types of EGF suggests 
that the in vivo response to all three peptides involves a common, 
receptor-mediated pathway, much as has been shown for their 
effects in vitro. The equivalence of these peptides in vivo is all 
the more remarkable considering that pharmacokinetic 
. phenomena such as absorption, transport and half-life are also 
"involved. Finally, the data are of interest in that they show that 
|a defined peptide growth factor, generally associated with the 
_ malignant behaviour of cells, may have a benign physiological 
activity that is indistinguishable from related molecules found 
in non-malignant tissues. 

Ме thank Stanley Cohen for originally suggesting these 
"experiments, Richard Assoian for amino-acid analysis of the 
three peptides, and Stephen. Dalton and Sue Perdue for 
secretarial assistance. 
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Valuable information about proto-oncogenes and their physiologi- 
cal function has been obtained by studying their expression in 
normal cells. However, expression of the c-mos gene, the cellular 
homologue of the transforming gene of Moloney murine sarcoma 
virus'?, has not been detected in normal mouse cells or tissues” 
The conservation of the c-mos open reading frame"? strongly 
indicates that the gene must function during some portion of the 
animal life cycle, and other lines of evidence'^75 suggested to us 
that the c-mos proto-oncogene may be expressed at very low levels 
in normal tissues. We have used a sensitive S, nuclease assay to 
screen RNA preparations from mouse tissues and describe here 
the detection of c-mos-related transcripts especially in mouse 
embryos, testes and ovaries. The transcripts found in testis RNA 
are estimated to be — 1.7 kilobases (kb) long by Northern analysis. 
S, analysis demonstrates that the entire mos open reading frame 
is present. In contrast, we detect ~ 1.4-kb transcripts in ovary RNA 
and at least two major transcripts, ~2.3 and ~ 1.3 kb, in embryo 
RNA. The latter transcripts have in common sequences of at least 
1kb, representing most of the c-mos open reading frame. The 
variation in size of the mos transcript in different tissues suggests 
a novel regulatory mechanism for the expression of this proto- 
oncogene. 

In the present study, we have examined mouse tissues for 
c-mos expression using S, писіеаѕе!!”. An internal fragment 








1000 bp 
Aval Ncil Ahali Hindin ви 
вот Xbal Xbal 
probe А 1.6 kb 
ніп Poul 
28 3735 
probeB 2.1 kb 
probe С 2.3 kb Se ee pe 
probe D Pvull Ahali 
Ncl Ватні a Raa 2066 1205 
+70 375 
Fig. 1 Restriction fragment probes derived from the mouse 


genomic c-mos locus. Relevant restriction sites are shown. Wavy 
lines represent pBR322 sequences (restriction sites and their 
sequence position are given below the line). Probe A, 3' end- 
labelled at Aval; probe B, 3' end-labelled at Ahall; probe C, 
5' end-labelled at Neil; and probe D, Aval/ Ніпапі fragment 
labelled by nick-translation. i 

Methods. All probes were derived from appropriate subclones of 
c-mos sequences in pBR322; 3' end-labelling was carried out with 
the Klenow fragment of Escherichia coli DNA polymerase 
(Boehringer) in the presence of the appropriate [a-°?P]-labelled 
deoxynucleotides (3,200 Ci mmol^!; NEN) required, to fill-in 
the respective restriction site as described elsewhere’, except 
that labelling was done in the presence of 240mM NaCl. 5’ 
End-labelling was carried out using polynucleotide kinase 
(Boehringer)??? and [у-??Р]АТР (7,000 Сі mmol, NEN). The 
Aval/ Hindlll fragment for probe D was gel-purified and nick- 

translated as described elsewhere**. 






















Fig.2 Detection of transcripts a b 
homologous to c-mos. a, S, analysis 
using probe А. Lane 1, 25 pg of yeast 
_ transfer RNA; lane 2, 2.5 pg of total 
RNA from a NIH 3T3 cell line trans- 
formed by pm13 plus 25 yg of total 
< NIH 3T3 cell RNA; lane 3, 50 pg of 
© total embryonic RNA; lane 4, 5 pg 
of embryonic poly(A)” RNA plus 
25 рв of yeast RNA; lanes 5-8, 25 pg 
of total RNA from, respectively, 
liver, kidney, brain and skin. The 
samples were hybridized to probe A 
at 60°C overnight as described '*!7, 
followed by digestion at 37°C for 
45min'*" with single-strand- 
specific S, nuclease (10,000 U ті! final concentration; Boehringer). Samples were then analysed by electrophoresis on a 5% denaturing 
polyacrylamide gel, which was then dried and exposed to X-ray film (XAR-5; Kodak) at —70 °С for 20h in the presence of an intensifying 
screen, In this analysis a small amount of self-annealing probe is detected at 1.6 kb. b, Northern analysis using probe D. Lane 1, 25 pg total 
testis RNA; lane 2, 25 ug testis RNA (fraction not bound to oligo(dT) cycle 1); lane 3, 2 рр testis RNA (fraction bound, cycle 1); lane 4, 
27 2g testis RNA (fraction not bound, cycle 2); lane 5, 2 ug testis RNA (fraction bound, cycle 2); lane 6, 2 ug testis RNA (fraction bound, 
: eyele 3); lane 7, 10 wg male embryo poly(A)* RNA; lane 8, 10 pg female embryo poly(A)* RNA; lane 9, 25 ug total male embryo RNA; lane 
10, 25 ng total female embryo RNA; lane 11, 25 ug total testis RNA; lane 12, 25 ug total ovary RNA. Samples 1-10 and 11-12, respectively,” 
were electrophoresed on separate agarose formaldehyde gels and transferred to nitrocellulose as described elsewhere’. Hybridization was 
carried out at 42 °С in 50% formamide”, then the blots were exposed to X-ray film (XAR-5; Kodak) for 3 days. RNA preparation: Animals 
were killed by cervical dislocation and the various organs were removed. Embryos for the experiment in a (and in Fig. 3a) were a mixture 
from nine different inbred strains removed 1 day before birth. The BALB/c embryos for the experiment in b were removed at day 19 of 
gestation. In each case the embryo was completely separated from extra-embryonal membranes and the placenta. For the experiment | in. b, 
embryos were sexed by microscopic examination of the gonads. Testes and ovaries were taken from 34-39-week-old BALB/c. breeders. 
Routinely, specific organs from several animals were pooled before homogenization, for exampie, testes from 10-15 mice. The tissue w 
homogenized immediately or frozen on dry ice and kept at —70 °С for later homogenization (using a mortar and pestle) to а fine powder. 
Fresh tissue and the frozen powder were then homogenized in a Dounce homogenizer in 5 M guanidinium isothiocyanide, 0.1 M mercaptoethanol 
апі total RNA was prepared as described elsewhere???752?, In a, poly(A)* RNA was prepared as described elsewhere”; the same poly(A)* 
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ve RNA selection procedure was used for b, except that oligo(dT) columns were not washed with low-salt buffer after loading. 


f mouse c-mos was radioactively end-labelled with all four 
_ + deoxynucleotides and used as a probe (probe A, Fig. 1). This 
-probe was then used to screen for mos-containing transcripts 
;; in total or poly(A)* RNA extracted from a variety of adult 
mouse tissues and embryos (Fig. 2a). As a positive control for 
ће S, assay, we used total RNA extracted from NIH 3T3 cells 
transformed by pm13, a recombinant DNA clone that contains 
v-mos; this cell line was estimated to contain 1-10 copies of 
v-mos RNA per cell?! mos-Specific transcripts were detected 
in a 10-fold dilution of total RNA prepared from these transfor- 
med cells (Fig. 2a, lane 2). 
; Probe protection was clearly observed in RNA prepared from 
n= mouse testes, ovaries (see below) and embryos (Fig. 2a, lanes 
73 апа 4), the size of the protected fragment corresponding to 
_ the distance between the Aval and HindIII sites (925 base pairs, 
: bp) in c-mos. RNA from pm13-transformed NIH 3T3 cells 
protects a somewhat smaller fragment (Fig. 2a, lane 2) because 
«the 3’ end of this particular v-mos gene differs from that of 
;,e-mos'*'?, To exclude the possibility that contamination by 
"DNA of total RNA, especially testis RNA, was responsible for 
protection of the 925-bp fragment, we performed reconstruction 
... experiments with unlabelled homologous c-mos DNA fragments 
{not shown) or subjected samples to digestion with DNase or 
RNase before the assay. The hybridization conditions were 
Chosen to favour RNA/DNA hybrid formation (as opposed to 
. DNA/DNA hybrids). RNase but not DNase treatment preven- 
.ted the detection of the —925-bp band (not shown). We have 
variably observed protection of the —925-bp c-mos band in S, 
analyses of total RNA from epididymis, kidney, brain and 
t; placenta, but the low amounts detected in these preparations 
«Were not analysed further. We did not detect similar bands in 
_ total RNA prepared from liver or skin (Fig. 2a, lanes 5 and 8), 
pleen, thymus and intestine (not shown). 
We observed that the concentration of c-mos RNA in testes, 
- ovaries and embryos was equal to or higher than that in the 
^ pm13 control (compare lanes 1, 2 and 3 of Fig. 2a), suggesting 
- that we should be able to identify the transcripts by Northern 
analysis. We detected discrete bands of~1.7 kb in testis RNA 



































(Fig. 2b, lanes 1-6 and 11), 1.4 kb in ovary RNA (Fig. 2b, lane 
12) and ~1.3 and ~2.3 kb in embryonic poly(A)” RNA (Fig: 
2b, lanes 7,8). In these analyses, the poly(A)* RNA was pre- 
pared from either male (Fig. 2b, lane 7) or female (Fig. 2b, lane 
8) embryos. 
Comparison of the concentration of mos transcripts in total : 
embryo RNA versus poly(A)* RNA (Fig. 2a, lanes 3 and 4): 
indicates that the oligo(dT) selection does not result in а sig- ^ 
nificant enrichment of mos RNA. However, the same selection — 
procedure” does enrich for c-myc transcripts (not shown). Even © 
with decreased stringency conditions for poly(A)* RNA selec- 
tion, a significant amount of mos-specific RNA is not bound to . 
oligo(dT) (Fig. 25, lanes 1 and 2). However, the fraction of mos 
transcripts which are bound in the first oligo(dT) selection 
(Fig. 2b, lane 3) continues to be selected through two additional 
cycles (lanes 4-6 of Fig. 2b); this suggests that the mos tran-. 
scripts may have only short poly(A) tails and may help to explain 
some of the previous Cifficulties in detecting mos transcripts. 
To characterize further the mos RNA expressed in testis and - 
embryonic tissue, probes B and C (Fig. 1) were used with Sp- 
nuclease to determine the extent of protection of sequences 
downstream and upstream of the c-mos open reading frame. 
With both testis and embryonic RNA, a —470-bp fragment from 
probe B was protected (Fig. 3a, lanes 1, 2 and 3 respectively) 
This result indicates that c-mos RNA extends 130bp down- 
stream from the c-mos termination codon and ends —20bp 
beyond a consensus poly(A) signal’. S, mapping of testis RNA 
with probe C yields two bands of —400 and 450 bp (Fig. 3b,” 
lane 1) corresponding to sites 260 and 310 bp upstream of the 
conserved mos initiation codon?'. The DNA sequence in this. 
region shows no obvious splice acceptor or promoter sites. 
However, it is just distal to a region called MUH”, which is 
75% conserved between human and mouse. These analyses. 
demonstrate that the entire mos open reading frame plus 260 - 
ог 310 bp of upstream sequence and 130bp of downstream: 
sequence are present in the transcripts. The estimated length of 
the testis transcript is 1.7 kb by Northern analysis, but only 
71.4 kb can be accounted for by S, mapping. Thus, either the 














Fig. 3 S, nuclease mapping of mos transcripts. a, S, mapping 
using probe B. Lane 1, 25 ug total testis; lane 2, 2 ug of poly(A)* 
testis RNA plus 30 pg of yeast tRNA; lane 3, 3 ug of embryonic 
poly(A)* RNA plus 30 ug of yeast tRNA; lane 4, 30 pg of yeast 
tRNA. The samples were hybridized to probe B at 60 °C overnight. 
b, S, mapping using probe C. Lane 1, 25 yg of total testis RNA; 
lane 2, 30 ug of yeast (RNA. The samples were hybridized to probe 
Саг 52 °С overnight. For analysis of DNA/RNA hybrids and 
“preparation of RNA samples, see Fig. 2 legend. The X-ray film 
2 (ХАВ-5; Kodak) was exposed for 14 days at —70 °C in the presence 
: of an intensifying screen. 













anscript size is overestimated by Northern analysis or there is 
RNA processing 5' and/or 3' to the protected regions. 

< While the embryonic RNA transcripts protect a discrete ~925- 
bp fragment of probe A (Fig. 2a, lanes 3 and 4) and a ~480-bp 
fragment of probe B (Fig. 3a, lane 3), they do not give a 
detectable signal with probe C (not shown), indicating that they 
differ from the testis RNA transcripts in the region 5’ to the mos 
ATG. Similarly, S, mapping of the ovarian RNA transcripts 
indicates that they also differ from both the testis and embryo 
_ transcripts at the 5' end (not shown). Collectively, these results 
suggest that transcripts from the single-copy mos locus are 
expressed in a tissue-specific manner. In addition, these tran- 
scripts are either promoted from different sites and/or are spliced 
differently in testes, ovaries and embryonic tissues. 

We have shown that c-mos is not efficiently activated by a 
downstream long terminal repeat (in contrast to v-mos'); this 
has been attributed to the presence of an upstream transcription 
mination sequence termed UMS?! (M. L. McGeady апа 
G.F. V. W,, in preparation) and to the lack of a promoter between 
UMS апа c-mos that can function in NIH 3T3 cells?'. How 
then can mos be expressed? One suggestion”! is that mos 
expression can be trans-activated. The presence of mos tran- 
scripts in tissues like testes and ovaries may indicate a trans- 
activation mechanism mediated by hormonal control. We also 
“note that an additional 60 сойопѕ are proximal to the conserved 
“mos ATG in all three mos genes that have been sequenced?" 

Thus, in addition to tissue-specific regulation of the size of the 
mos. transcripts expressed, the presence or absence of these 
codons (or possibly other exons) could give rise to functionally 
different protein products in specific tissues. 




















Finally, the higher levels of mos expression detected. in 


. gonadal tissues and the differences in transcript size between 


ovaries and testes suggest that mos proto-oncogene expression 
is regulated in a sex-linked manner and may be associated with 
expression of primary and/or secondary sex-related phenotypes. 
This research was sponsored by the National Cancer Institute, 
DHHS, under contract NO1-CO-23909 with Litton Bionetics, 
Inc. 
Note added in proof: We have also detected a 6-kb mos transcript 
in poly(A)* RNA from embryos and epididymis. In addition, 
mos transcripts are present in rat embryos and testes. 
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Errata 


Does interocular transfer occur 
in visual navigation by ants? 


R. Wehner & M. Müller 
Nature 315, 228-229 (1985) 


The third sentence of the last column on page 229 should read 
“In honey bees, IOT has been inferred...” 


Identification and comparison of two 
sequence elements that confer 
cell-type specific transcription in yeast 


À. M. Miller, V. L. MacKay & K. A. Nasmyth 
Nature 314, 598-603 (1985). 


In the eighth line of paragraph two, a/a diploid should read 
a/a diploid, and in the upper part of Fig. 5a and in the third 
line of the Discussion, a1 /a2 should read al/ a2. 
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PRACTICAL ASPECTS OF GAS 
CHROMATOGRAPHY/MASS, 


SPECTROMETRY 

by G.M. Message 

This is a single-source reference describing how and why gas 
chromatography and mass spectrometry instruments work. The 
book describes a'wide range of technologies and offers guidance 
for their optimum use, outlining good practice, routine 
procedures, and trouble shooting. . 


Contents: GC/MS SYSTEMS AND COMPONENTS: Vacutim 
Systems, Mass Spectrometers; Gas Chromatography; GC/MS 
Interfacing; Data Systems; ROUTINE GC/MS OPERATION, 
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Methods and Techniques Relevant to GC/MS; Mass Spectrometer 
Operation; Laboratory Practice; Preventive Maintenance; 
TROUBLESHOOTING FAULTS ON GC/MS SYSTEMS: The 
GC/MS Instrument Under Fault Conditions; Fault Finding and 
Nonroutine Maintenance; CHOOSING A GC/MS SYSTEM: 
Instrument Selection and Evaluation; Bibliography; Index. 
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by H. Morawetz, Polytechnic Institute of New York 

This historical introduction to polymer science integrates the 
important historical developments into the current context of the 
science. It covers early developments, natural and synthetic 
polymers, , the development of. synthetic rubber, physical 
principles, physical and spectroscopic methods, addition and 


condensation polymerization, molecular biology and polymers 
in solution. ; i 
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ANALYSIS 
by T. Vo-Dinh, Oak Ridge National Laboratory 


A Guide to using room temperature phosphorimetry (RTP), a new 
approach in phosphorimetric analysis, covering this technique 
more thoroughly and explicitly than any ,other previous 
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to extend it to various new analytıcal or physical studies. 
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by J.P. Phillips, University of Louisville, D. Bates, Michigan Tech 
University, H. Feuer, Purdue University and B.S. Thyagarajan, 
University of Texas 


This ts the latest’ volume in the series and continues the 
cooperative effort to abstract and publish in formula order all the 
ultraviolet-visible spectra of organic compounds presented in the 
journal literature of the field. More than fifty chemists have 
searched over one hundred journals in the course of the project. 
Volume XX raises the number of spectra compiled to 450000, the 
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Predicting the fate of toxic chemicals in the environment is an 
important scientific task. This book appraises tests to predict the 
environmental behaviour of chemicals, giving expert evaluation 
of texting protocol. Methods and evaluations include descriptions 
of important transfer and transformation processes in air, soil and 
water. The quantification of key processes and reactions is 
describedand appraised for accuracy, precision and utility and the 


‘limitations of specific laboratory and field techniques are 


discussed. Promising new methods are presented with recom- 
mendations for further research 


Series: SCOPE Report Number 25 
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METHODS FOR ESTIMATING RISK OF ` 
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Human and Non-Human Biota and Ecosystems, 
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edited by V.B. Vouk, С.С. Butler, D.G. Hoel апа D.B. Peakali 


Dealing first with the assessment of probable damage to the 
human organism, the book discusses the basic mechanisms of 
mutagenesis and carcinogenesis, the validity of long-term whole- 
animal studies as predictors of human response and the use of 
epidemiology, statistics and mathematical modelling in devel- 
oping quantitative risk estimation. The same approach is adopted 
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assessment of work in single-species tests, multispecies tests and 
ecotoxicological modelling. : ў 


0471905461 ' 720pp May’85 


POLLUTANTS AND THEIR 
ECOTOXICOLOGICAL SIGNIFICANCE 


edited by H.W. Nurnberg, Institute of Applied Physical 
Chemistry, Julich, Federal Republic of Germany 

Considers the major organic and inorganic chemical pollutants 
which have ecotoxicological significance in the atmospheric, 
aquatic, terrestrial and human environments. Major ecochemical 
aspects of the pollutants are covered with respect to their fate, 
behaviour, transfer and pathways as functions of the important 
general and specific parameters of the various types of ecosystem. 


0471 905097 530pp April’85 £49.50 


RECEPTOR MODELING IN . 
ENVIRONMENTAL CHEMISTRY 


by Р.К. Hopke, Institute for Environmental Studies, University of 
Illinois, Urbana-Champaign 

The first book that comprehensively reviews the rapidly growing 
field of receptor modeling. It systematically presents the 
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BOOKREVIEWS — 


What's the matter? — 


Niles Eldredge 


The Problems of Evolution. By Mark Ridley. 
Oxford University Press: 1985. Pp.159. Hbk £12.50, $19.95; pbk £3.95, $8.95. 


PROBLEMS in biology, in sharp distinction 
to those of philosophy, are solvable — or 
so writes Mark Ridley in the preface to The 
Problems of Evolution. Ridley has organ- 
ized his book around a series of ten Great 
Problems currently (albeit, he says, time- 
lessly) besetting evolutionary biology, 
problems that curiously decrease in their 


apparent solvability' quotient as one’ 


ascends the scale of biological complexity 
and at the same time approaches the end of 
the book. Ridley's preoccupation with the 
answers to questions imparts an eerie 
quality to his narrative. On the one hand he 
is often quite sure of having the answer to a 
particular problem (for example the gene is 
the unit of selection), a sort of certainty I 
had thought was no longer fashionable in 
science in general (and particularly in the 
domain of evolutionary studies, justly 
known for its authoritative imaginary 
tales). On the other hand, I must admit to 
some frustration when Ridley throws up his 
hands and announces that a problem still 
defies solution, and that, in fact, our 
understanding remains at the same low 
level attained in earlier days. It seems to me 
that rather more progress has been made 
towards resolving some of the confusion in 
evolutionary biology than Ridley seems 
willing to concede. 

Whence this collision between certitude 
and confusion? Ridley's book accurately 
reflects the generally unsettled state of 
evolutionary biology, for which, I think, 
David Hull is right to lay the blame on a 
pervasive **common sense” ontology that 
lies at the very core of the subject. Thus 
certitude stems from unexamined 
convictions on the very nature of such 
entities as genes, organisms, demes, species 

‚апа taxa of higher categorical rank; and 
confusion ensues if we get our ontology 
. wrong. Ridley's discussion of what species 
are — a stunning rerun of the Dobzhansky- 
Mayr position enunciated nearly 50 years 
ago — forms the crucial case in point. In 
this view, species are seen to be simul- 
taneously reproductive communities and 
fairly coherent groupings of similar 
organisms, recognizably distinct from 
other such groups. Ridley is thus forced to 
repeat the standard claim that species are 
*real" at any one time (especially well 
demarcated in sympatry with close 
relatives), but through time will, of 
necessity, disappear, evolving themselves 
out of existence as they transform into 
descendants. Species exist only in a single 
time plane, according to this view, a 
conceptualization -thát understandably 
outraged George Gaylord Simpson. 
In this received ontology, species are 





‘real, individual entities when construed as 
reproductive communities at any one time; 
they are also classes of similar organisms. 
Moreover, the economic adaptations of, 
organisms (the main source of that simil- 
arity) are imagined to be in a constant state 
of overhaul, and so the properties of the 
members of the class change, and a species 
evolves itself out of existence. Ridley 
simply does not report that Ghiselin and 
Hull over a decade ago pointed out that 
**things" are either classes or individuals, 
and that there is no real trick to seeing 
species, if construed as reproductive com- 
munities, as individuals in time as well as in 
space. Species emerge as spatiotemporally 
bounded historical entities, regardless of 
how much, or little, adaptive modification 
may accrue in the phenotypes of their 
component organisms. Much of the doubt 
and confusion permeating the second half 
of this book stems directly from Ridley's 
certitude over the basic nature of species, 
based as it is on a rather garbled ontology. 

Indeed, overall the book is an excellent 
statement of mainstream evolutionary 
biology as it stands today. If it does not 
expose the rea! problem in evolutionary 
theory — the ontological issues — it does 
paint an accurate picture of the teleo- 
logical-ridden **who or what benefits" 
approach that selectionists seem ever more 
locked into as a source of explanation for 
all manner of biological phenomena. Nor is 
Ridley utterly conventional. Within the 
overall matrix of neo-Darwinian theory, 
he follows the Williams-Dawkins 
reductionism that sees the gene as the locus 
of evolutionary action. And, in an amusing 
and effective gambit that coincides well 
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with my own prejudices, Ridley discusses 
systematics by contrasting phenetics and 
cladistics, claiming the latter is 
evolutionary and the former not, thereby 
allowing him to brush aside the vast middle 
ground of ‘‘evolutionary systematics’’ as 
an uninteresting muddle of the two 
extremes. Moreover, while Ridley is clear 
that cladistics does not depend upon any 
prior theory of how evolution actually , 
works, in several places he makes a link 
between nested patterns of resemblance 
linking up all elements of the biota and 
the simple notion of descent with 
modification. Those nested patterns of 
similarity have always been the strongest 
evidence that life must have had an evo- 
lutionary history, and it is refreshing to see 
it acknowledged once again, just as a 
journalist in the United States, in a feat of 
literary legerdemain, has recently tried to 
show how cladistics somehow throws 
doubt on the very idea of evolution. 

Ridley’s book is not'a ''fun"' read. 
Indeed, it is difficult to determine to whom 
itis addressed. The style, superficially zesty 
(“Апа the prediction isthis . .. . Hereisthe 
final result"), is actually rather flat and 
utterly matter-of-fact: there seems for 
Ridley no joy in these rather marvellous 
mysteries. The level is decidedly 
elementary — as if the intended audience 
were beginning students or the ever-elusive 
*'intelligent layman” — yet the tone is so 
unrelentingly serious and the pace so brisk 
that all but the most dedicated will surely 
flag. 

Perhaps most importantly, however, the 
book does not get at what I think is really 
the matter with evolutionary theory. But as 
a quick yet pretty accurate summary of 
most of the current topics under debate, 
and as a source of insight about how most 
evolutionists still approach their topic, it 
should prove useful indeed. a 


Nies Eldredge is at the American Museum of 
Natural History, New York. 
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Home in hyperspace 
Deborah Singmaster 





The Fourth Dimension and How to 
Get There. * 

By Rudy Rucker. 
Rider-Hutchinson: 1985. Pp.228. 
£9.95. 


THE dust jacket of the British edition of 
Rudy Rucker's The Fourth Dimension 
carries a picture that looks like a shot from 
the final sequence of Star Wars. It could be 
a post card from the fourth dimension, and 
if it were from the author it would say 
‘Wish you were here!’’. Rucker admits 
that he is in love with cosmology and in this 
exhilarating book he tries to convey his 
enthusiasm to his readers. 

The book is dedicated to “А Square, on 
his hundredth anniversary’? — an apt 
tribute to another book on the same theme, 
Flatland by the English school master 
Edwin A. Abbott, published in 1884 and 
gallantly kept in print in Britain by Basil 
Blackwell. It deserves to be more widely 
read than it is. Rucker makes frequent ref- 
erences to Flatland throughout his book; 
he has even written a sequel to the original. 

Starting with Plato and the allegory of 
the shadows on the wall of the cave, Rucker 
moves by analogy towards a description of 
a spatial fourth dimension. He introduces 
the hypercube, ‘‘probably the best-known 
4-D geometrical problem’’, and proceeds 
to the hypersphere, hyperspace tunnels, 
the shape of space, spacetime and so on. 
From these literal interpretations of a 
fourth dimension, he passes to more 
abstract uses of the term and suggests that 
we, with our complex interior world of 
thoughts, feelings, dreams, are ‘їп some 
very real sense, beings of more than three 
dimensions’’. | 

Rucker has no difficulty in thinking four 
dimensionally. He quotes Charles Hinton, 
“the great hyperspace philosopher” and a 
contemporary of Abbott’s, as saying that 
one of the best methods of preparing 
oneself for four-dimensional thought is to 
create a deliberate confusion between left 
and right, by experimenting with mirror 
images, for example. One of the most 
entertaining of the many anecdotes in the 
book is Rucker’s potted biography of 
Hinton, the son of James Hinton who 
advocated and practised free love. Charles, 
who was himself convicted of bigamy, 
believed that ‘‘space is, at the deepest level, 
to be known by the heart and not the 
brain’’. But that way mysticism lies: 
Rucker is at times unashamedly mystical. 

For mathematical greenhorns, Rucker 
provides simple explanations of major 
concepts including Einstein’s theory of 





* In the United States The Fourth Dimension: 
Toward A Geometry of Higher Reality, publish- 
ed by Houghton Mifflin. A technical review of 
the book appeared in Nature 312, 214 (1984). 
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relativity, quantum mechanics and David 
Hilbert’s theory of infinite dimensional 
spaces. He also discusses less orthodox 
notions such as synchronicity and the 
possibility of time travel — he is, after all, 
apart from being a mathematical logician, 
a writer of science fiction. 

Appropriately, The Fourth Dimension is 
a fourfold book. Besides the text there are 
witty and helpful diagrams and illustra- 
tions by David Povilaitis, the margins 
contain extensive quotations from writers 
as diverse as Plato, Ouspensky, Lewis 
Carroll and Borges, and there are also 
puzzles for those whom Martin Gardner, 
in his foreword, describes as ‘‘the 
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mathematically competent". (Answers are 
supplied.) 

Rucker's book is not aimed at the trained 
mathematician or physicist but it should 
appeal to anyone else who is interested in 
the nature of the Universe and our part in 
it. Science undergraduates, even sixth 
formers, and all science fiction enthusiasts 
will find it (and Flatland) stimulating 
reading. This is a refreshing and thought- 
provoking book written by an engaging 
optimist for whom, unlike Pascal, infinity 
holds no fears. O 


Deborah Singmaster is a freelance writer and 
broadcaster. 





Distant reactions 


Alexander Dalgarno 





Interstellar Chemistry. 
By W.W. Duley and D.A. Williams. 
Academic: 1984. Рр.251. $45, £29. 





THE discovery in the dense regions of 
interstellar space of molecules, ranging in 
complexity from simple diatomic species to 
extended linear chain polyynes, has provid- 
edaunique diagnostic probe into the physi- 
cal conditions in which star formation 
occurs. Analysis of the intensities of 
molecular emission and absorption lines 
yields estimates of the densities, temp- 
eratures, velocities and radiation 
characteristics of the environment; obser- 
vations of absorption by rotational levels 
of the diatomic cyanogen molecule CN 
have given us a measure of the temperature 
of the blackbody radiation of the Universe 
at wavelengths of 2.6mm and 1.3mm; and 
Observations of emission from deuterated 
molecules have yielded a value for the 
density of matter in the early Universe, 
showing that baryonic matter cannot close 
the Universe. 

Molecules are found also in the material 
ejected by protostellar objects as they begin 
their evolution to the main sequence, and 
in the circumstellar shells and stellar winds 
of massive stars which undergo mass loss 
throughout their existence. Molecular 
masers are clear signposts marking phases 
in the sequence of events that leads to the 
formation of stars and the dissipation of 
the remnant material out of which they are 
made. Vibrationally excited molecular 
hydrogen is widely observed and provides 
insight into a diverse range of phenomena, 
among them galaxies in collision. 

Molecules are much more than probes of 
exotic environments, however; they are 
also highly effective cooling agents. 
Molecular emissions carry away thermal 
energy and bring molecular clouds to the 
brink of gravitational collapse. Molecules 
play a controlling role in the ionization 
balance of collapsing objects and in the 
dissipation of rotational angular momen- 
tum by magnetic braking. 








To utilize fully molecular observations 
in the investigation of astronomical 
phenomena we must understand the nature 
of the processes by which molecules are 
formed and destroyed. Those processes 
belong to a special kind of chemistry, a 
chemistry that is now an integral part of 
astronomy and that is the subject of Duley 
and Williams's book. 

Interstellar chemistry is a combination 
of gas phase chemistry and surface 
chemistry. The phenomena under study 
occur at densities too low for the three- 
body processes that control terrestrial gas 
phase chemistry, and the formation of 
molecular compounds is initiated by radi- 
ative associations in which the reactions are 
stabilized by the emission of photons. The 
temperatures can be as low as 5K, though in 
localized regions the passage of a shock 
heats the gas to several thousand degrees 
and may dissociate the molecules which 
then form into new compounds as the 
heated gas cools and the atoms recombine. 
The interstellar medium contains grains, 
refractory particles of dimensions of the 
order of 10cm, on whose surfaces 
molecules may form to be later released in- 
tothe gas phase. The gas phase and surface 
reactions take place together in a medium 
bombarded by energetic cosmic rays and 
subjected to X-rays and to ultraviolet 
photons from embedded stars and ex- 
ploding supernovae. 

Thus a diverse array of basic chemical 
processes forms the content of interstellar 
chemistry. Duley and Williams have writ- 
ten a lucid account of these processes in a 
bookin which the background is developed 
sufficiently to make apparent the relevance 
of chemistry to astronomy. Here the two 
disciplines are woven together in a pattern 
of absorbing interest which should appeal 
to a broad range of scientists. A limited 
familiarity with elementary molecular 
physics is adequate preparation, but at the 
same time the authoritative tone reflects 
the fact that both authors are active resear- 
chers in this field. Their book will come to 
be seen as the standard introduction to the 
subject. g 





Alexander Dalgarno is Phillips Professor of 
Astronomy at Harvard University. 
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Bone, bones and 
biomechanics 
Charles E. Oxnard 


The Mechanical Adaptations of Bones. 
By John Currey. 

Princeton University Press: 1984. Pp.294. 
$37.50, £37.20. 


FOR earlier generations, D'Arcy Thomp- 
son’s On Growth and Form (published in 
1917) and P.D.F. Murray’s Bones (1934) 
provided the critical descriptions of what 
was then known about biomechanics and 
the mechanical adaption of bone. Nearer 
our own time, F. Gaynor Evans's Stress 
and Strain in Bone (1957) both provided a 
summary of the exciting if somewhat con- 
fused earlier investigations and marked the 
beginning of new research based upon the 
insights of modern engineering. John Cur- 
rey's book is the natural current successor, 
together with McNeill Alexander's 1968 
and 1984 editions of Animal Mechanics, 
and Wainright, Biggs, Currey and 
Gosline's Mechanical Design in Organisms 
(1976). Each of these books supplies its 
own commentary on the general subject, 
but, although there is inevitably some 
overlap, they concentrate upon different 
facets of the field and are aimed at different 
readerships. 

Much of the early work, often dating 
from the last century and important 
though it is, confused stress, strain and 
architecture; the new investigations 
described by Currey do not. Theold studies 
followed engineering strength-of-materials 
traditions by presenting biological 
materials, especially bone, as though they 
were homogeneous, isotropic and perfectly 
elastic bodies capable of being described 
through infinite beam theory. Currey 
discusses the new approaches which 
acknowledge that, like many non-organic 
materials, bone is inhomogeneous, non- 
isotropic and demonstrates imperfectly 
elastic, poroelastic and plastic-elastic pro- 
perties, and each at several different 
mucroscopic levels. In particular, these 
approaches imply that stress in bones, 
especially irregular bones and the odd- 
shaped ends of long bones, is better 
characterized through techniques such as 
finite element analysis. 

Currey recognizes that all bone and all 
bones are not alike, and gives many ex- 
amples of how different types of bone and 
different designs of bones serve differing 
functions. He discusses, for instance, dif- 
ferences in form and physical properties of 
bone ranging from the brittleness and stiff- 
ness of the auditory elements in whales 
related to the transmission of sound in 
water to the curvatures of finger bones used 
to suspend the bodies of brachiating apes 
from branches. 

In contrast to many other writings on 
this subject, Currey also describes not only 
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immediate and ontogenetic bony adapta- 
tion, but takes into account the evolu- 
tionary perspective. He makes a convinc- 
ing case for the design of bone by natural 
selection while recognizing phylogenetic 
constraints; and he considers the 
all-pervasive action of natural selection in 
producing optimum structure while 
emphasizing that all mechanical properties 
of biological materials are a compromise 
between conflicting requirements. 
Perhaps most importantly of all, 
however, in this book Currey provides an 
introduction for biologists to the basic 
ideas of strength of materials and 
mechanics. This is a summary that should 
do much to remove misconceptions that 
still remain in the minds of some students 
and even some investigators in this area. 
Among them are the idea that if one set of 
stress trajectories is compressive then the 
other must be tensile (which does not 
necessarily follow), that a limb under ten- 
sion implies bone under tension (which it 


need not) and that mechanical stresses are 
chiefly borne by bone (they are not: the 
little known interior complexity of the 
muscle-tendon unit, and those even less 
understood and poorly described elements, 
fascial sheets and ligaments, are all impor- 
tant stress-bearing features especially in the 
larger land animals). 

Finally, although Currey's book unhesi- 
tatingly simplifies the ideas of strength of 
materials in order to aid student under- 
standing, it also reminds us, at almost every 
step, that real biological situations are 
much more complex; therein lies the future 
of these studies. The book is, thus, an 
excellent source of facts and ideas for 
students and a resource for their teachers, 
while at the same time providing a superb 
set of problems for investigators. n 


Charles E. Oxnard is University Professor and 
Professor of Anatomy and Biology at the 
University of Southern Califorma. He is author 
7 Order of Man (Yale University Press, 





Light on polymers 
Herbert Morawetz 


Polymer Photophysics and Photo- 
chemistry: An Introduction to the Study 
of Photoprocesses in Macromolecules. 
By James Guillet. 

Cambridge University Press: 1985. 
Pp.391. £45, $79 50. 


IN these days of extreme specialization, и 
15 rare to find an author who ts equally at 
home in photophysics and photochemistry. 
Thirty years ago James Guillet worked 
under Norrish's direction on a doctoral 
thesis dealing with the photodegradation of 
polymeric ketones. Since then, he has not 
only continued to be a leader in polymer 
photochemistry, but has made seminal con- 
tributions to the study of fluorescence and 
phosphorescence of polymers, both in 
solution and in bulk, and has published 
stimulating accounts of the ‘‘antenna ef- 
fect’ in which the energy absorbed by a 
small number of chromophores ts relayed 
along a polymer chain to excite a group far 
removed from the absorption site. While 
Professor Guillet's hope that such a pro- 
cess would lead to a chemical reaction has 
not been realized so far, 11 is an exciting 
possibility which may well be demonstrated 
in the future. 

Although areas in which Professor 
Guillet has been active are stressed more 
heavily in this his latest book, :t does con- 
tain an excellent coverage of the field. The 
only major area І missed is the extensive 
Russian contribution to the study of 
polymers by emission anisotropy, which 
has been summarized by Anufrieva and 
Gotlib (Adv. Polym. Sci. 40, 1, 1981). The 
effect of the adsorption of fluorescent dyes 
on their emission characteristics might also 
have been mentioned. 


While the book :s an outstanding 
introduction to photophysics and 
photochemistry for polymer scientists, I am 
less sure that the discussion of the principles 
of polymer science will be adequate for 
those unfamiliar with this field. There are 
a number of errors: the expansion coeffi- 
cient a (p.33) is not treated as chain length 
dependent; rotational isomeric state 
calculations (p.34) depend little on the 
height of rotational barriers; there are no 
D and L configurations in stereoregular 
vinyl polymers; the lamellar thickness of 
folded polymer chains (p.46) 1s of the order 
of 10 nm not 1000 nm; it 1s not possible 
to estimate the intrinsic viscosity from 
measurements at a single concentration 
without knowledge of the ‘‘Huggins cons- 
tant” (p.74); the spacing of phenyl groups 
in the helix of isotactic polystyrene is not 
“of the order of 3A ” but much too large 
for excimer formation (p.178); and Haas 
et al. and Sisido (p.230) did not study 
cychzation. It 15 also a pity that the 
references only run up to 1981. But these 
are minor blemishes on a most useful book 
which is a valuable addition to the 
polymer literature. a 





Herbert Morawetz is a Professor in the Depart- 
ment of Chemistry at the Polytechnic Institute 
of New York. 


New in paperback 


ө A sngle-volume edition of Christian de 
Duve's A Guided Tour of the Living Ceil. 
Publisher 15 W Н. Freeman, price 15 $33 95, 
£24.95 Sterling price of the hardback is £35.90 
per two-volume set, not £39.90 as printed in the 
review (Nafure 314, 694; 1985) 

@ Radiative Processes in Astrophysics by 
George B Rybicki and Alan P Lightman. 
Publisher is Wiley, price 1s $26.50, £23 For 
review see Nature 289, 729 (1981). 

€ in Search of Mind by Jerome Bruner 
Publisher is Harper & Row, price is $6.95, £7 75 
For review see Nature 308, 779 (1984) 
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Scattering sources 


R.A. Cowley 


Theory of Neutron Scattering from 
Condensed Matter, Vols 1 and 2. 

By Stephen W. Lovesey. 

Clarendon: 1984. Vol. 1 pp.329. Vol. 2 
рр.344. £38, $59 each volume. 


NEUTRON scattering now plays an essential 
role in our understanding of many propert- 
ies of condensed matter, and is used in the 
study of atomic structures, interatomic 
forces, magnetism, liquids and polymers. 
Stephen Lovesey has made significant 
contributions on the theoretical side of the 


. subject. With Walter Marshall, in 1971 һе. 


published Theory of Thermal Neutron 
Scattering, which has been an essential 
reference book for neutron scatterers, 
particularly in the field of magnetism, and 
which was influential in the development 
-of the use of correlation functions for 
describing the scattering. Í 

The present two volumes extend the 


coverage of the field beyond that of the . 


earlier book; Vol. 1 describes elastic 
nuclear scattering, scattering by lattice 
vibrations and by liquids, and some 
chemical applications, while Vol. 2 deals 
' with elastic and inelastic magnetic 
scattering. Although the second volume is 
entirely rewritten, most of its contents and 
the manner of treatment will be familiar to 
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readers of Theory of Thermal Neutron 
Scattering. 

In neutron scattering, the Van Hove cor- 
relation function is a natural bridge 
between experiment and theory. The task 
of the experimentalist is frequently to 
perform measurements of the function 
which can then be interpreted in terms of a 
model for the particular system. Unfortu- 
nately there is very little in either of the 
books about the theory of how to obtain it 
from measurements of the scattered 
intensity. There is also nothing on the 
theory of the experimental resolution or 
other experimental constraints. The books 
are a helpful source for the calculation of 
the Van Hove function for a wide variety of 
soluble or nearly soluble models, and 
although I found them difficult to read 
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they will undoubtedly prove valuable for 
detailed derivations of particular models. 
Itis, however, a pity that theimportance of 
the formulae produced are not illustrated 
through more examples of experimental 
results and discussion of when the simple 
models apply or do not apply to real 
systems. 

Stephen Lovesey has again provided us 
with a very useful work of reference. These 
two volumes should not be used as text- 
books because of the neglect of experi- 

.mental aspects of the subject and of 
applications to real systems. Тһе books, 
however, will be consulted by neutron 
scatterers for many years. a 


R.A. Cowley is Professor of Physics at the 
University of Edinburgh. 





‘Masters of swing 


Russell H. Tuttle 


The Lesser Apes: Evolutionary and 
Behavioural Biology. 

Edited by Holger Preuschoft et al: 
Edinburgh University Press/Columbia 


` University Press: 1984. Pp.709. £65, $56. 


DESPITE their modest size and colloquial 
label, the lesser apes (Hylobatidae) can 
claim a fair share of superlatives. They are 
the most numerous and variegated, 
relatively longest limbed, *'swingingest"', 
most naturally bipedal, most musical and 
most socially cohesive of the apes. We do 
not know whence they came or how they 
acquired their remarkable adaptive com- 
plexes; but few scientists would deny that 
we are blessed to have them grace the 
Barth. ` 

Preuschoft and his colleagues have paid 
them just homage in this well-produced, 
fact-packed volume, which presents the 


augmented results of a conference held - 


near Ulm, West Germany, in 1980. It will 
be a long-lasting source book on 
Hylobates. The organization of the work 
reflects its major purpose, that is to impress 
the world with the need to conserve forest 
habitats and thereby preserve the glorious 
gibbons of south-eastern Asia. Hence the 
first of the five sections is devoted to 
conservation. Its authors are soberly 
persuasive. 

The plights of Javan_silvery gibbons, 
Mentawai Kloss gibbons, South Asian 
hoolocks, Thai pileated gibbons and 
Chinese concolor gibbons are particularly 
acute. Our knowledge about the effects of 
high-technology warfare on wildlife in 
Kampuchea, Laos and Vietnam ranges 
from scanty to nil, but if the destruction of 
human life is any index the hylobatids pro- 
bably have only a poor chance of long-term 
survival there. 

It is now virtually certain that mono- 
gamy and territoriality are universal among 
the Hylobatidae, though we cannot yet tell 








whether new groups are formed by the 
same mechanisms or whether defence of a 
section of the range serves comparable 
adaptive functions in all species. All of 
them call dramatically (and beautifully) 
but there is notable interspecific variation 
in which of the sexes calls, displays 
athletically, and chases and attacks in reac- 
tion to the calls of neighbours, actual intru- 
sions or other factors. The interplay bet- 
ween calling, monogamy, subsistence and 
territorial defence in Hylobates has proved 
an attractive problem for a host of 
biologists, and Sections 3 and 4 of The 
Lesser Apes contain a wealth of informa- 
tion on the topic. Given their relevance to 
salient problems in theoretical biology, 
anthropologists can no longer be viewed as 
the proprietors of the hylobatid apes. 

Functional morphologists have. made 
great strides in elucidating the mechanisms 
underpinning hylobatid brachiation (arm- 
swinging), bipedalism and vertical climb- 
ing. As with conservation and ecological 
and behavioural puzzles, the lesser apes 
have ecumenically challenged Asian, Euro- 
pean and North American anatomists and 
kinesiologists to explain their peculiar posi- 
tional behaviour. Section 2 of the book is 
an excellent report of results from modern, 
technically and mathematically 
sophisticated, studies on hylobatid sub- 
jects and specimens. Here we learn that 
because of their elongated forelimbs, the 
‘movements'of slowly brachiating 
hylobatids correspond reasonably well 
with the model of a mathematical pen- 
dulum, and that the elongation of the 
forelimbs economizes energy during rapid 
(ricochetal) arm-swinging. 

It is heartening to see a reiteration (on 
pp. 94-95) of my 1975 model for the stem 
hominoids as hylobatid-sized, versatile 
arboreal beasts that were not especially 
adapted for dramatic brachiation. But I 
would have been happier had Herr Hollihn 
cited Tuttle among the long list of 
references that inspired himtoadoptit. (3 


Russell H. Tuttle is Professor of Anthropology 
at the University of Chicago. 
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New Volumes fom . 
Handbook of 
Experimental Pharmacology 





Volume 76 


Clinical Pharmacology of Antianginal Drugs 


Editor U.Abshagen < 
1985 81 figures ‘XVI, 552 pages "Hard cover DM 460,- ISBN 3-540-13110-8 


This volume reviews the epidemiology, pathophysiology and especially the treat- 
ment of coronary heart disease Introductory chapters on epidemiology and patho- 
physiology are followed by a methodical section in which all presently used, rele- 
vant methods of assessing pharmacological or therapeutic activity of antianginals 
are discussed with respect to experimental animals as well as to normal and 


diseased humans This gives those not actively working in the field a solid founda- ` 


tion for cntically reading and better understanding the succeeding chapters The 
emphasis placed on clinical pharmacology and research is of immediate relevance 
for therapeutics Thus, the volume provides not only the pharmacological basis for 
treatment, but also the scientific principles of therapy itself and the rational 
methods for its assessment 


Volume 75 


Toxicology of Inhaled Materials 


General Principles of Inhalation Toxicology 
Editors H.P, Witschi, J. D. Brain 


1985 80 figures XVII, 553 pages Hard cover DM 490,- ISBN 3-540-13109-4 


The book addresses the methods and scientific basis of inhalation toxicology The 
patticular scope of this volume provides an overview of the modern and арргорп- 
ate methodology and current state-of-the-art m inhalation studies. Methods 
covered include the design and operation of inhalation chambers, choice of animal 
species, and techniques designed to evaluate quantitatively the morphologic and 
biochemical changes brought about in the lung by toxic inhaled matenals Consi- 
derable emphasis is given to morphologic and biochemical téchniques This book, - 
* written by experts in the field, provides information on the development and use 
of techniques їп one single, compact volume 


Volume 74 
Antiepileptic Drugs 
Editors. H.-H. Frey, D. Janz 


1985 54 figures XXII, 867 pages Hard cover DM 680,- ISBN 3-540-13108-6 


This volume provides a comprehensive and cntical survey of our present knowl- 
edge of the experimental and clinical pharmacology of antiepileptic drugs Its 
thorough review of the experimental literature makes it invaluable for both 
academic and industrial researchers in the field. It includes sections on epileptic 
diseases in man and animals as well as on pathophysiological mechanisms active in 
these diseases which may provide starting points for the development of new anti- 
epileptic drugs 

| 
Volume 73 


Radiocontrast Agents 


Editor M.Sovak 
1984 189 figures XVI, 609 pages Hard cover FDM 490,- ISBN 3-540-13107- 8 


The purpose of this book is to summanze recent developments in the field of 
contrast media design, synthesis and pharmacology and to stimulate further 
research in the area. To this end the book contains a review of methodology appli- 
cable to contrast media research There is no concise text summarizing develop- 
mental and isis aspects of contrast matenals In that sense, this book is 
untque M 
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Springer-Verlag 
Berlin Heidelberg New York Tokyo 


Tiergartenstr 17, D-6900 Heidelberg 1 or 175 Fifth Ave , New York, NY 10010, USA 
or 37-3, Hongo 3-chome, Bunkyo-ku, Tokyo 113, Japan 
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. d splendid achievement.” 
—Nature 


M 


Honorable Mention inthe 
1984 American Medical Writers 
Association Awards: 


HISTOLOGY: 
Cell and Tissue Biology, 
| Fifth Edition 


Edited By Leon Weiss, M.D. 


Grace Lansing Lambert Professor of Cell Biology 
Department of Animal Biology 
University of Pennsylvania 


This extensively revised and updated fifth edition of Histol- 
ogy: Cell and Tissue Biology uses the latest technological 
advances in histology to bring a complete, coherent survey, of 
all aspects of mammalian tissue culture to the classroom. 

Histology, Fifth Edition is the ideal teaching resource. Its 
self-contained chapters, each written by an expert in the field, 
allow the professor to form an individualized curriculum 
through selective readings. In addition, students will appreci- 
ate the detailed outlines preceding every chapter and the 
careful explanations of all new terminology. The 1206 illus- 

“trations, including color plates and photomicrographs, elimi- 
nate the need for a supplementary atlas. 

Because this text emphasizes the relationship between 
morphology and function, it is the definitive work for today's 
medical, dental, and veterinary curricula. Histology, Fifth 
Edition, is the text of choice for many upper-level undergrad- 
uate courses in basic biomedical sciences as well as a long- 
term reference for board exams and further studies in physiol- 
ogy, pathology, and pharmacology. 


From reviews of the fifth edition: 


“This very comprehensive book is, as indicated by its subti- 


tle, much more than a textbook of histology... 
written and well illustrated . . . an excellent book.” 
The Lancet 


lucidly 


“It is one of the three great books on histology written in 
English... the new Weiss is a splendid achievement.” 
Nature 


1983 0-444-00716-4 $49.50 


This book is available for fall adoptions. 

For further information, or to order, write to: 
Elsevier Science Publishing Co., Inc. 

52 Vanderbilt Avenue 

New York, NY 10017 


Distributed outside North America by Macmillan, 
Ltd., U.K. 


Pricé subject to change without notice. EB309 
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Raising 
һе standard 
of integration 


Sophisticated Performance 
but so easy to use 


Ata glance 
1 or 2 channels 
High resolution graphics 
Up to 200k data storage 
Thermal ог plain paper output 
Built-in networking for 
laboratory management 
Re-analysis of stored raw data 
Low cost 


V 


Computer 


Systems Telex: 825478 TRISYS G. 
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Amido Black Stained Nitrocellulose 


With a GENIE Electroblotter 
* Plate electrodes for uniform high field 
blotting 


* Bubble free loading 

* Uses less than a liter of buffer 

* Blots gels up to 15 cm by 16 cm 

* Inexpensive power supplies available 
* Only $160.00 


Other Items 

* MINI-SLAB, since 1979 the proven ver- 
tical mini- -gel $165.00 

* CHAMELEON 11 cm by 15 cm subma- 
rine gel apparatus $130.00 

* 15-250, 250 volt power sup- 
ply $225.00 


ишш Idea Scientific Company 
Ш Р.О. Вох 2078 
Corvallis, Oregon 97339 
MMMM (503) 758-0999 
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CHROMATOGRAPHY DATA 
TRILAB SYSTEMS 


e4 Channels — 10 Mbyte hard disc option 

eSoftware for; GC - LC - HPLC - GPC- THERMAL - 
SIMULATED - DISTILLATION — QA etc 

eMain Frame Communications 


LABORATORY INFORMATION 
MANAGEMENT SYSTEMS 


eLow cost entry point — Expandable to 16 enquiry terminals 

einput from; Balances, Bar code readers, Laboratory 
instruments etc. 

eMain Frame Communications 


TRINET 


TRMECICR 


Sunderland Road, Sandy, Bedfordshire SG19 1RB, England. 
Telephone: Sandy (0767) 82222. International4-44 767 82222. 


Trivector Systems International Limited. 





germe Tel (91)98.45.03 


27, Bd Charles Moretti 
13014 MARSEILLE - FRANCE 


THE MICROSOMAL ANTIGEN INVOLVED 
IN AUTO IMMUNE THYROID DISEASES ? 


THYROID PEROXIDASE ! (*) 
A MONOCLONAL ANTIBODY TO IT ? 
ASK GERME S.A. ! 
GERME S.A. provides highly 
purified biological 


macromolecules. 


Ask its products list. 


(*) CR Acad. Sci. 
300, 577, 


(Paris), 
1985. 
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| Achema bigger than ever 


The Achema-85 exhibition takes place in Frankfurt on 9-15 June. Halls 6-1, -II and -III cover 
. laboratory and analytical techniques, Hall 2 research and innovation. 


fe The theme of Mettler’s exhibit at 
/ Achema is laboratory efficiency. Mettler is 
f^ showing a selection of electronic analytical 
' © and precision balances, as well as various 
< systems that can be realized with balances 
or instruments. Of particular note is a com- 
^; pounding system for chemical or pharma- 
5s ceutical: companies where a number of 
<` balances are connected directly to a single 
computer which controls and monitors the 
balances. Another system demonstrates the 
¿use of lab robots with balances and in- 
struments. Also on view are automatic 
Systems for titration and thermal analysis 
— the DL40RC MemoTitrator, the DL20 
CompactTitrator for routine analyses, and 
the 01.18 Karl-Fischer titrator. The 
TA3000 thermal analysis system is now 
equipped with a graphic video screen, and 
many visitors will also be interested in the 
RCI reaction calorimeter which measures 
the heat flow of chemical reactions and 
physical transformations. 
Stands FG5-9, Hall 6-III & AB2-3, Hall 5 
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Bioculture control by Applikon. 
€ The Applikon Bio-Processor ADI 1020 
is an advanced and flexible system for total 
fermentation control. The system is 


dedicated to control various parameters | 
during the growth of a bioculture, com- | 
prising three control levels. Levels 1 and 2 | 
take care of the measurements, controls | 


and data transmission and level 3 is for data 
handling. The modular build up of levels 
1 and 2 allows the system to be tailored to 
virtually any biological process. At level 3 
< there is the option either to use the ADI 
dedicated and preprogrammed unit, in- 
cluding video and keyboard, or the ADI RS 
232 interface to connect to a personal 
“computer. 
Reader Service No. 101. 


These notes are based on information provided 
by the manufacturers. For further details circle 
the appropriate numbers on the Reader Service 


Card bound inside the journal. 











PRODUCT REVIEW 


r 


Fusion of oat protoplasts by the Krüss electrocell 
fusion process. 

€ Krüss GmbH, of Hamburg, makers of 
equipment to measure surface tension, has 


| moved into genetic engineering with the 


introduction of the CFA 400 system for 
electrically induced cell fusion. The latest 
development from Krüss is an electro- 
porator making it possible to load 


biological cells with genetic material. In this | 


method, brief electric pulses induce the 
reversible breakdown of the cell membrane, 


the cells are **perforated"' for a short time | 


without losing viability. Cells (up to 1 ml) 
are pipetted into a sterile chamber, mixed 
with the DNA and exposed to a sequence 


of electric pulses. The DNA is then taken | 


up by the cells. Subsequently the cells are 
selected for the desired criteria. During 


| electroporation the cells can be observed 


under a microscope. As well as DNA, other 
substances, including drugs, may be load- 
ed in cells in this way, with possible im- 
plications for specific therapy. The equip- 


; ment is controlled by a microprocessor and 


thus easy to operate. Visitors to the Kriiss 
stand will be able to view the fusion of ery- 
throcytes under the microscope on a video 
system connected to it. 

Stand E-19, Hall 6-1 
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@ May & Baker Laboratory Products will 
be introducing a number of products onto 
the German market at Achema. On view 
will be the May & Baker range of HPLC 
solvents, which includes many solvents that 
are not available elsewhere. The Pronalys 
AR range of analytical reagents, Intafaze 
phase transfer catalysts and Volucon stan- 
dard concentrates will also be displayed. 
The Intafaze range includes TDA-1, the 
first universal crown ether to be made com- 
mercially available. TDA-1 is capable of 
catalysing a wide variety of reactions that 
would otherwise need expensive solvents. 
Stand E22, Hall 6 
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| further processing in different analytical in- 
| struments. The Microlab M can also be: 


filters recently introduced. by Domn 
|.puts achieved with conventional mem 


“size on the upstream surface is larger than 


| Reader Service No. 104. 


| Automated dilution and dispensing — the. 
| Hamilton Microlab. 


i be stored, with aspirating and dispensing 


















€ The Asypor range of membrane liquid. 


Hunter Filters Ltd is claimed to give dou 
ble the flow rates and double the through. 


branes. The Asypor membrane has a uni 
que asymmetrical pore structure. The pore. 


on the downstream surface by a factor of | 
5 :.1 for optimum performance. Asypo 
cartridges are available in à range of ra! 
pore sizes from 0.2 to 3 um with a full ra 
of end cap styles for retrofitting into ex 
isting filter housings. The Asypor mem 
brane is also offered in a selection of disk 
in the standard diameters for process and 
analytical applications. Asypor disks and 
cartridges. meet FDA requirements an 
conform to USPXX Class VI. They are in: 
tegrity testable and have low extractables 











@ The new Hamilton Microlab M 

diluter/dispenser should find application’ 
wherever precise liquid handling is required 
for volumes between 1 ul and 25.5 ml. For 
instance, for sample distribution, dilution 
series or in the preparation of samples for 


linked with a balance and a computer for 
the automatic preparation of standard solu- 
tions. Software packages are already . 
available for various balances. The instru- 
ment can be controlled by any computer 
via an RS 232 C interface. Dialogue with 
the dispensing unit is conducted in ASCII 
code via the serial data circuit. The 
МісгојаЬ М is programmed via the con- 
troller keyboard (up to 587 program steps; 
maximum storage capacity 99 methods). 
The stored methods can be viewed (‘‘roll’* 
function) or printed out. Syringe volume, 
aspirating and dispensing speeds can now 


speeds individually programmable between ^ 
1 and 99 seconds. 

Stand 19-20, Hail 6-11 
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Advertisements 


SINGER 
MICROMANIPULATER 
MK iil 
Patented 


Perfect control in imensions from a 
single joystick. Continuous variable 
reductions to suit all magnifications. No 
after sales maintenance needed. 
Details from: 

Singer Instrument Co. Ltd., 
Treborough Lodge Roadwater, 
Watchet Somerset TA23 001. 
England. Tel. (0984) 40226 Telex: 
492 Comcab G. 
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LIPOSOMES NEW! 


reproducible — homogeneous 
— extremely rapid — 


| The new commercial LIPOSOMAT 8$ pro- 
vides reproducible preparation of uniformly 
sized unilamellar liposomes (formation with- 
in 10 minutes) with very high encapsulation 
efficiency for both hydrophilic and/ 
or lipophilic agents. Liposome size select- 
able between 25 and 60mm diameter. Lipid 
loss far below 1%. 
Sample volume normally 5-10 ml or up to 200 
“pal if used in combination with an additional 
Dparatus. 

The LIPOSOMAT® is used especially for 
studying drug/protein/cell — liposome 
interactions in vitro and in vivo, for recon- 
stitution experiments, and for the transfer of 
genetic material in gene and biotechnology. 


EAA -Geráte, 


Р.О. Box 126, D-8000 MUNICH 65, FRG. 
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ACADE DIAGNOSTIC SYSTEMS 
S.A./N.V., а company specialising in 
nen-isotopic immunoassay using 
particle counting, is looking for research 
groups with access to good quality 
antisera directed towards clinically 
important assays who would be free to 
enter into a development contract 
and/or provide such antisera in 
commercial quantities. 

if interested, please write with full details 
tm Planaging Director, ACADE 
DIAGNOSTIC SYSTEMS S.A./N.V., 
Passage de la Vecquée, Pox 4100, 1200 
Brussels, Belgium. Telephone: 
2762.89.75. Telex: 65867. Replies may 
be in English, German, French or Dutch. 
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nature 


is available 

in microform 
from University 
Microfilms 


| International. 


| Call toll-free 800-521-3044. In Michigan, 
Alaska and Hawaii call collect 313-761-4700. Or 
mail inquiry to: University Microfilms International, 
300 North Zeeb Вова, Ann Arbor, MI 48106. 

















f Schleicher & Schuell’s membrane filters and filter 
| holders. 





€ With the new membrane filters made 
from Nylon 66, the range of raw materials 
used in Schleicher & Schuell’s membrane 
filters now includes cellulose nitrate, 
cellulose acetate, mixed cellulose esters, 
pure (regenerated) cellulose, as well as 
polyamide and PTFE. The Nylon 66 mem- 
brane filters, 
sterilization, are supplied as circles in 
diameters from 13 mm up to 293 mm and 
in pore sizes 0.2 and 0.45 um. Nytran mem- 


| branes are positively charged Nylon 66 


membranes for the immobilization of 


| nucleic acids and proteins. They interact 


with negatively charged biopolymers which 
become selectively bound and immobiliz- 
ed on the membrane. Because of its high 


| binding capacity and good wet strength, 


Nytran is an excellent medium for elec- 
trophoretic transfer methods in molecular 





suitable for autoclave | 


biology. Also on the Schleicher & Schuell | 


| stand is an extensive range of products for | 


nucleic acid and protein research, including | 


a number developed during the past two 
years, such as: DEAE and CM membranes 


for ionic immobilization, the Minifold II : 


filtration manifold, a further development 


of the Dot-Blot process (Minifold 1), the | 
Quick-Blot kit for the selective immobiliza- | 
tion of mRNA and Elutip-d, the mini- | 
| densitometer that provides electronic scan- 


column which both purifies and concen- 
trates dsDNA. 

Stand DE3-4, Hall 6. 

Reader Service No. 106. 

€ At Achema Elga Ltd, designers and 


| manufacturers of water purification equip- | 


ment, will be exhibiting a comprehensive 


range of laboratory and reverse osmosis | 


products. Of particular interest to those in- 
volved in HPLC, atomic absorption or 


tissue culture, will be the updated Elgastat | 
| Spectrum RO unit. This system combines 


the technologies of reverse osmosis, 
deionization, media and membrane filtra- 
tion to produce economical reagent grade 
water which meets all international stan- 
dards. Elga will also be launching a com- 
pletely new product for the production of 
ultra-pure water for use in medical and 
research laboratories. 

Stand E13, Hall 6-11 
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ө Boehringer-Mannheim has introduced 
a new beta-galactosidase substrate, 
resorufin-beta-D-galactosidase, which has 
many advantages as substrate in biological 
systems. The aqueous solution is yellow 
(Алау 470 nm). The cleavage product after 
enzymatic hydrolysis is red-violet (ia, 570 
nm), and possesses a light-red fluorescence 
(Amax 583 nm) at pH values higher than 7. 


| The inhibitor programme of Boehringer- 


Mannheim has been extended with the ad- : 


dition of the protease inhibitors E64 (for ч 
| thiol proteases), phosphoramidone (for 
| thermolysin), bestatin (for most of the exo- 


peptidases), TLCK (for trypsin) and TPCK 
(for chymotrypsin), and the new alpha- 
glucosidase inhibitor bromoconduritol AB. 
Finally, Boehringer has launched new 
biochemicals for membrane research. To 
complement N-octylglucoside and X- 
dodecyl-beta-D-maltoside, the new in- 
troductions are CHAPS and the pero- 
xide-free tensides Triton X-100, Thesit and 
isotridecylpolyethylene-glycol ether. 
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The Bio-Rad Model 620 video densitometer. 
€ A number of new instruments will be 
making their debuts on the Bio-Rad stand. 
Amongst these are a totally digital video 


ning and instant display of data; a portable 
HPLC analyser designed specifically for 
on-the-spot applications; a new HPLC 
MAPS system for the large-scale purifica- 
tion of monoclonal antibodies and a new 


| moderately priced Digilab Fourier 


| 
| 
| 
| 
| 
| 
| 
| 


transform infrared spectrometer that pro- 
vides true research-grade performance. 
Versatile yet simple to use, the Model 620 
video densitometer allows the operator to 
process, optimize, evaluate and view data 
on a screen before it is printed onto a chart 
recorder. All operational procedures are 
selected from a menu displayed on the 
screen using a mouse-controlled cursor — 
there is no keyboard. Up to 30 lanes of data 
can be displayed and printed, and, if re- 
quired, the operator can arrange these in 
a number of different formats. 

Stand 19-21, Hall 6-111 
Reader Service No. 109. 
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The Kratos MS25 RFA gas chromatography/mass spectrometry system. 
@ The Kratos Analytical stand featuresa | @ The new range of remote-controlled 
complete range of liquid chromatography | magnetic stirrers from Dr Hoiss + Partner 
systems, the new MS 25 RFA GC/MS | GmbH can be placed under vessels for nor- 
system (also available as an LC/MS), and | mal use but can also be used as submersi- 








a series of components for surface analysis. | ble magnetic stirrers in fluid baths. One Union Giken apparatus achieves a 
Shown for the first time in Europe is the | possible application would be in sealed or dead time as short as 4 millisecond 
Spectroflow 950 programmable | temperature-controlled chambers, where it for measurement of fast reactions. 
fluorescence LC detector, which has full | is advantageous to control the stirring | Gas pressure is directly applied to 


microprocessor control of all instrument | process externally, without opening the 
functions from a touch-sensitive front | chambers. The magnetic stirrers operate 5 Ae ^ 
panel, RS-232 serial interface, or contact | most efficiently when they synchronously reservoir, mixing and flow being 
closures. DS 650, a chromatography data | stir many vessels in the many stirring posi- controlled from the end of the 
system with SmartKey control introduced | tions. Different control units are available, | | System by a high-response stop 
at the Pittsburg Conference, is also on | suitable for different kinds of stirring tasks; valve. The RA-401 STOPPED 
show, together with a range of gradient | a small, handy plug-in power supply unit | | FLOW SPECTROMETER is the 
formers, UV-Vis detectors, post-column | or a bench-top unit. Other features include ideal match for fast reactions. 
reaction systems and pumps. The MS 25 | a start-key which simultaneously centres all | 
RFA, another instrument on show for the | the stir-bars on the stirring positions, so 
first time in Europe, incorporates inhomo- | that it is possible to freely select stir and 
geneous field magnet technology to provide | pause intervals. Following each pause, the 
high mass range and ultra-fast scan speeds | stir-bars are re-centred, and the stirring | 
without loss of spectrometer resolution or | direction reverses. In addition, it is possi- | 
sensitivity. An integral 0590 acquisition | ble to choose the stirring power and thereby | 
and processing computer controls the | facilitate temperature control in closed 
system in conjunction with the spectro- | systems. The compact magnetic drives are 
meter's **Autoconsole" and distributed | available in two models — a 15-position 
microprocessors. model to simultaneously stir 15 beakers of 


the surface of the reactants in each 














Stand HJ15-16, Hall 6-III 250 ml each, or a model for 6 x 1,000 ml 

Reader Service No. 110. Erlenmeyer flasks. Eis ies a ed prin 
€ Rheometrics, manufacturer of high | Stand J13, Hall 6-I1. the measured results and automatically 
technology instruments for material evalua- | Reader Service No. 112. calculates the rate constant. 


tion, has introduced the Rheometrics | 
dynamic analyser (RDA-700). This versatile 
analytical instrument measures the 
viscoelastic behaviour of a broad range of 
materials (including thermoplastics, ther- 
mosets, structural composites, rubber, 
foods, and adhesives) by determining the 
sample's response to a sinusoidal shearing 
action. Since the RDA-700 is easy to use 
and is sensitive to subtle changes in resins 
and additives, it is ideal for research pro- 
jects as well as production control. The 
RDA-700 is a forced frequency instrument 
rather than a resonant frequency one. This 
enables the operator to separate the effects 
of rate and temperature on material pro- 
perties, making the instrument a sensitive 
indicator of molecular structure. 
Rheometrics manufactures a complete line 
of rheological and impact testing in- | 
strumentation for research and develop- 
ment, design, quality control, and process 
control. 

Stand A8, Hall 9-1 

Reader Service No. 111. Remote-control stirrers from Hoiss + Partner. 


REDUCTION OF CY TOCHROME C 











The RA-415 RAPID SCAN ATTACH- 
MENT monitors the change in absorp- 
tion spectrum during the reaction. 


Other attachments are available for 
T-jump, P-jump, fluorescence and 
flash photolysis. 


Please visit us Halle 6 III, Stand 
KL 24 — 25, ACHEMA 85 (ISA). 


Contact the sole export agent for more details:— 
ATAGO BUSSAN CO., LTD. 
7-23, 5-chome Shimbashi, Minato-ku, 


Tokyo 105, Japan 
Telex: 28421 Cable: TAGOA TOKY 
Phone: Оз; id 
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@ Heyden Data systems’ stand features a 


wide range of software for automating | 
using desktop | 


laboratory routines 
microcomputers, including the IBM PC. 
Through the cooperation of the instrument 
manufacturers concerned, Heyden are able 
to demonstrate the new Sadtler Digital 
Spectra Libraries on the stand, where 
Bruker, Digilab and Perkin-Elmer spec- 
troscopy datastations will be operating side 
by side. The Sadtler collection, formerly in 
paper volumes, is a comprehensive library 
of reference spectra. The new digitized col- 
lections allow tens of thousands of spectra 
to be called to the screen. The digitized 
libraries are also newly available to run on 
the IBM PC, which can then be used as a 
stand-alone datastation. Another new 
development from Heyden display is the 
IBM PC version of Spectrafile software, 


available optimized for either IR or UV | 


spectroscopy. 
Stand 620/621, Hall 6-III 
Reader Service No. 113. 






Rapid amino-acid analysis — the Biotronik LC 
5001. 

@ The latest amino-acid analyser from 
Biotronik, the LC 5001, can analyse 
physiological fluids in under 2 hours' com- 
plete cycle time, and protein hydrolysates 
in less than 1 hour. Detection levels аге 50 
picomoles with ninhydrin and 10 picomoles 
with fluorescence (OPA) detection. 
Reproducibility is + 1.5 at 10 nmoles. The 
instrument uses a microprocessor program- 
ming unit which allows 8 different pro- 
grams to be stored and run in any sequence 
and combination. Also on the Biotronik 
stand is the IC 1000 ion chromatograph, 
now available in two versions. The basic 
version is for anion determination only and 
a second version can handle both anions 
and cations. Full details of Biotronik's 
user-workshops and applications support 
services will be available on the stand. 
Stand HJ24-25, Hall 6-II 

Reader Service No. 114. 


Spectrafile — now available for the IBM PC as well as for the Apple Пе. 
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@ Dyno-Mill, from Willy A. Bachofen 
AG is the first horizontal, continuous 
operating agitator ball mill for wet 
micronization, dispersion and disintegra- 
tion. In a completely closed system, pum- 
pable suspensions of very low to very high 
viscosities can be processed. All parts in 
contact with the product to be ground are 
easily interchangeable. Models are available 
with grinding cylinders ranging from 0.3 to 
250 litres. A new model in the range, the 
Dyno-Mill Type KD 20 B, is especially 
designed for temperature sensitive products 
and should be suitable for many applica- 
tions in the pharmaceutical industry and in 
microbiology. Amongst other items on the 
stand is the Turbula System Schatz shaker- 


mixer. This high-performance shaker | 


features three-dimensional overturn mo- 
tion, with capacities from 2 to 500 litres. 
Stand DE-5, Hall 6. 

Reader Service No. 115. 
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€ Amongst the new products to be in- | 


troduced at Achema by CAMAG is a 


system for the automated multiple develop- | 


ment (AMD) of thin-layer chromatograms. 
With this system reproducibility gradient 
evaluation can be employed in TLC, mak- 
ing it possible to separate a substantially 


larger number of fractions than is feasible | 


with conventional development. It also per- 
mits separation of mixtures of substances 
having markedly different polarities. AMD 
should find applications in environmental 
analysis, and in all areas where there are 
complex samples to be analysed. The 
system, which is fully automatic, consists 
of a developing unit and developing 


chamber, gradient mixer, solvent storage | 


bottles, all valves, switching and setting 
components, and a separate micro- 
processor control unit. 

Stand D10-11, Hall 6-1 
Reader Service No. 116. 






CAMAGQG's system for TLC analysis. 





@ The speciality chemicals manufacturer 


| Johnson Matthey Chemicals is exhibiting 
| an extensive range of chemicals at Achema. 


Five special display modules will be devoted 
to the company’s Honeycat air pollution 
control units which control the emission of 
noxious fumes and odours resulting from 
many manufacturing processes. The four 
electronics materials modules will be 
devoted to ultra-high purity raw materials, 
and metallizing preparations for the elec- 


| tronics industry. The latest addition to the 


microbonding adhesives range is a conduc- 
tive silver-glass paste called AuSub (gold 
sub), the first inorganic adhesive for high 


| reliability die attachment. AuSub has been 


designed specifically to replace silicon gold 
eutectics in hermetic packages. Puratronic 
elements and compounds are a comprehen- 
sive range of high purity materials 
developed to meet the exacting specifica- 
tions required by the electronics industry. 
Typical examples are arsenic, gallium and 
indium for use in III-V semiconductor 
crystal growth, bismuth germanate and the 
tungstate systems for compound oxide 
crystal growth, and boron trioxide and in- 
dium for epitaxy applications. The REac- 
ton products, comprising all the rare earth 
elements, are available in a variety of forms 
and serve as a useful adjunct to the high 
purity Puratronic series. 

Stands D15-20 & E15-20, Hall 5-I 
Reader Service No. 117. 
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The latest Martin Christ freeze-dryer. 

@ The latest freeze-dryer from Martin 
Christ GmbH is a unit in which the ice con- 
denser is integral with the drying chamber. 
During the drying process the water vapour 
is frozen, taking the shortest path over the 
ice condenser surfaces which can be cool- 
ed to — 75°С, installed on right and left of 
the product shelves. Using this system the 


| drying time can be reduced by 30% com- 


pared with conventional systems in which 
the drying chamber is separate from the ice 
condenser compartment. The product 
shelves, up to 4 m? in area, are between 
— 50°С and +70°C in a stepless gradient 
maintained by circulation of a tempering 
liquid. So thermolabile substances can be 
both frozen and freeze-dried successfully. 
The new freeze-dryer is available as either 
a stand-alone cabinet or for wall 
installation. 

Stand D11, Hall 6-II 

Reader Service No. 118. 
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€ Specac's stand at Achema features a | 


wide range of optical components for laser 
and optical applications. The high perfor- 
mance Fizeau optical test interferometer 
(FOTI-100) is designed for measuring op- 
ical and mechanical flatness and spherici- 
ty. It is being demonstrated with its auto- 
matic fringe analysis program. The Fizeau 
interferometer is a versatile topographic 
ool, consisting of a well-collimated laser 
beam which is reflected back from both the 
surface under test and a reference surface. 
The two reflected wavefronts are super- 
imposed upon a video detector which then 
displays the resultant fringes on a high- 
resolution high-linearity video monitor with 
push-button magnification. The FOTI-100 
has a NeNe laser source (wavelength 632.4 
ит) and measures flatness to A/20 and 
spherics to A/10. It has an aperture of 100 
mm but can be fitted with a beam expander 
to 150 mm or a beam reducer to 33 mm. 
A simple two-spot alignment system is us- 
ed and a hard copy of the displayed inter- 
ferogram on the screen can be obtained us- 
ing a Polaroid camera. A wide range of ac- 
cessories for the FOTI-100 are available in- 
cluding 3 and 5 axis interferometric mounts 
fitted with a self-centering sample holder. 
These mounts enable firm but gentle 
holding of sample and precise positioning 
which are essential in interferometric 
testing. A linear or non-linear sliding table 
together with a horizontal test accessory 
make for simple measurement of fragile 
and stress free samples. 
Reader Service No. 119. 
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The TRIO system from Trivector Systems International Jor chromatography data handling. 


@ Achema sees the European launch of 
the Trivector Systems computing in- | 
tegrator, TRIO. Hardware and software 
are designed with the chromatographer in 
mind. TRIO offers one or two channel, 
synchronous or asynchronous data collec- | 
tion from any chromatograph through a | 
high accuracy V/F convertor. Incoming 
chromatograms can be shown in real time 
on the graphics display. TRIO shows great 
flexibility in scrolling and magnifying data | 
in real time or post-run mode. The post- 
run display incorporates baseline and peak | 
identification including graphical com- | 
parisons. TRIO complements Trivector’s | 
TRILAB, TRISTAR and TRINET to give | 
a wide range of equipment for the data pro- | 
cessing needs of the modern analytical | 
laboratory. 

Reader Service No. 120. 
Advertisement 


@ The French company Biolafitte is show- 
ing a selection of fermentation units at 
Achema. The emphasis will be on two new 
automatic in-situ sterilizable fermenters, 
one with a capacity of 20 litres, the other 
50 litres. Unlike most units of this type, 
operation is fully automatic. Integral 
automation in these units prevents handl- 
:ng errors and reduces the need for an 
operator to a minimum. The technology us- 
ed guarantees absolute sterility over a very 
iong period and good stability with time. 
These Biolafitte fermenters are computer- 
controlled via a network of multiple 
microprocessors, and the system can also 
be connected to the customer’s computer 
system. The computer-control systems, like 
most other components of Biolafitte reac- 
tors, are produced in-house by Biolafitte. 
Reader Service No. 121. 
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BIOSIS PREVIEWS —the world’s largest and 
most comprehensive source of life science intor- 


mation 


offline vendors worldwide. · 


For more information, contact BIOSIS User Ser- 
vices, 2100 Arch Street, Philadelphia, PA 
19103-1399, or call toll free (800) 523-4806 
(USA except AK, HI, PA) or (215) 587-4800 
worldwide. Telex 831739. 


BIOSIS is a not-for profit organization 
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- Graduate path to entrepreneurship 


























Jrom Richard Pearson 


: WITH the labour market picking up rapid- 
dy from the doldrums of 1981-82, many 
graduates will be looking again to the large 
service and revitalized manufacturing 
mployers for jobs. But what about small 
irms and self-employment? 
“In the late 1970s the careers services ac- 
tively sought out opportunities for gradu- 
ates in small firms. They did this both to 
widen the range of opportunities open to 
graduates and to try and help small firms 
develop by encouraging them to value a 
graduate recruit. With graduate unemploy- 
ment rising to, and exceeding, 12 per cent 
in 1982, and scientists experiencing even 
“higher rates of unemployment, there was 
a growing urgency to find new oppor- 
tunities for graduates both in terms of the 
"type of work they might undertake and by 
г finding new employers. As a result gradu- 
“ates often displaced less-qualified person- 
nel. The fact that graduate unemployment 
did not rise as steeply as overall unemploy- 
"ment levels and has subsequently fallen sig- 
nificantly as the economy has expanded is 
testimony both to the flexibility of gradu- 
“ates and to the fact that it has been the 
higher-skilled jobs that have benefited most 
"from economic expansion. 
Indeed, of the half-million extra jobs 
created in the.18-month period to the end 
“of 1984, two-thirds were for the self- 
employed, with many of the rest being for 
"part-time workers. 

To what extent have, or might, graduates 
follow the path to such self-employment? 

Ít has been estimated that only about 500 
"graduates leave higher education each year 
to launch their own businesses. On degree 
courses in business studies and manage- 
ment, one might expect a reasonable pro- 
portion of graduates to start up their own 
business ventures, but this apparently is not 
the case. In fact, itis far more likely to find 
would-be entrepreneurs emerging from 
courses in three-dimensional design and 
other courses in the art and design field, 





after which self-employment is a normal | 


and expected outcome. 
Nevertheless, many graduates do see 


themselves as having the necessary skills for 


entrepreneurship. and have career aspira- 
tions which include the possibility of run- 
ning their own businesses. A study by 
Durham Business School! has shown that 
as many students would like to work in 
small businesses as in large businesses, and 
that one in four of those with clear career 
plans wanted to be self-employed or run 





their own businesses. Indeed, one in twelve 
had already started doing something about 
it, either making preliminary enquiries, do- _ 
ing basic design work, or developing a pro- 
i totype or patenting an idea. 

As part of the study, 1,000 students were 
asked to rate themselves against a set of en- 


long hours'. The results were largely 
positive, although they were less sure of 
their ability to risk-take and, most 
significantly, to attract finance. 

There has been a lengthy debate as to 
whether entrepreneurs are born or made, 
and if the latter, then what factors can be 
brought to bear to encourage and aid more 


trepreneurship into self-employment and 
starting their own businesses. 

A preliminary vacation course on entre- 
preneurship showed positive results in 
terms of encouraging students towards self- 
employment, although a subsequent work- 
experience programme seemed to offer a 


believing they were entrepreneurs. Thus 
while the report concluded that enterprise 


developing educational programmes of the 
*education for enterprise' kind, to increase 
awareness at the undergraduate level, more 
specifically, there was a need to develop 
special training programmes for enterprise 
or small business management. 

To encourage graduates to consider start- 
ing their own business and to foster the en- 
trepreneurial spirit, the Scottish Enterprise 
Foundation, ап alliance of business, 
academic and governmental interests, laun- 
ched Graduate Enterprise in 1982. Based 
at the University of Stirling, its aim is to 
provide a four-month training programme 
| covering topics such as business planning 
and strategy, marketing and market 
research, accounts and book-keeping and 
| sources of finance. 
| Such has been the success of the Stirling 
| scheme that the number of places has 
| steadily increased from an initial 20 to 60 
in 1985. Significantly, there are plans to 
adopt the Stirling idea in a number of 
English universities — the first, based at 
Cranfield School of Management and 
directed jointly with the Manpower Ser- 
| vices Commission, will receive its first in- 
take of 40 graduates this summer. This is 
for six weeks of formal training as part of 
| an 18-month programme of support pro- 





trepreneurial attributes ranging from the | 
‘desire for power’ to ‘the ability to work | 


people to follow the route through en- | 


dose of reality and reduced the numbers | 


Graduates should be encouraged to join the ranks of the self-employed. Help is available 
for those who know where to look. 


| 





attributes need to be encouraged by | 


| 





vided by Cranfield and the scheme’s spon- <3 
sors — Arthur Anderson, the accountants ^ 
who will provide financial counselling, and 
BP, who will undertake product develop- 
ment advice and practical help, with Na- 
tional Westminster Bank providing help 
and advice on financing problems. . 

As well as the programme of training, 
counselling and consultancy, the course 
participants are also eligible for a £4,000 
cash package of allowances during the first 
18 months, including a basic allowance of 
£40 per week during training. 

With more institutions starting graduate 
enterprise initiatives, the number of 
graduates involved is likely to expand 
significantly. Not all participants will even- 
tually turn out to be successful. If, 
however, the business success rate of par- 
ticipants is around the national norm, - 
where the success rate for new business 
helped by an enterprise trust or similar is 


i 








" 


believed to be around two-thirds, they will = 
have proved their point. — that entre- .. 
preneurial skills can be developed апа 





business ideas nourished by an appropriate |. 
training programme, and this will be of 
benefit to both the graduates and society. 
There are several incentives for self- 
employment and starting your own 
business. First is the contraction of alter- 
natives as the number of opportunities in 
‘big’ business and in the public. sector 
decline. Second, a national policy of 
favourable publicity and special support 
schemes. These include low-cost advice, ... 
premises and finance, support groups such © 
as enterprise trusts, and training program-- 
mes. Finally, the academic institutions. — 
themselves are being encouraged to follow 
a more commercially oriented policy. .. 
Those graduates going into self- 
employment are still to some extent ^ 
pioneers and. few are likely to hit the 
jackpot immediately. However, such op- 
portunities do exist and with the continu- 
ing constraint on traditional job oppor- 
tunities, students will be wise to widen their 
horizons in employment terms; if the 
number of ‘traditional’ graduate jobs does 
shrink in the future, the range of oppor- 
tunities will surely widen. 0 





1. Entrepreneurship and Higher Education (Durham U niversi- 
ty Business School, 1984). 


Richard Pearson is at the Institute of Manpower 


Studies, Mantell Building, University of Sussex, 
Brighton BNI ORF, UK. 
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densitometer looks 
bigger and better 








Big enough to handle whatever electrophoresis gels you're using. With better 
results to match your work. That's LKB's new laser densitometer. UltroScan XL 
looks at all types and formats, up to 22 X 25 cm, wet or dried. With increased 
capacity and faster scanning, this big all-rounder gets more work done in a lot 
less time. And its straight-as-a-laser beam delivers an unrivalled 50 um 
resolution with a linear range of 4 OD. Now you can really penetrate closely 
stacked bands and uncover a wealth of data. Multiple scanning of every 
sample track gives you reliable average measurement across each protein 
zone. And when you want fast quantitation by simple programming, the 
onboard integrator delivers. The scan together with area calculations are 
presented directly to a standard dot matrix printer. It couldn't look better. 


But don't be deceived by good looks alone. UltroScan XL comes with 
brains as well. The onboard computer lets you exactly define track 
position and fields of interest, and then automatically scans up to 99 tracks – 
any way you decide. With gels containing zones of varying intensities from 
track to track, the unique normalization program lets you compare all your 
samples in just one run. And talking about comparison, take a look at the 
large screen monitor. Just tell UltroScan XL what you want, and your video 
shows you every decision, every command and even a few wishes. Like in- 
terfacing with your favourite computer. Or running your own software. You'll 
evaluate, store, manipulate, display and present your results better than ever. 


All in all, it looks like you're getting yourself a scanner that’s bigger and 
better from every viewpoint. Style. Performance. Value. It's worth looking at. 


Today! 
| 





BROMMA 


LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. +46 (8) 98 00 40, telex 10492 
Antwerp 103: 218 93 35 - Athens-Middle East +30 (1) 894 73 96 - Copenhagen (01) 29 50 44 - Hongkong (852) 5-557 
London (01) 657 88 22 - Lucerne (041) 57 44 57 : Madras (044: 45 28 74 - Moscow (095) 256-9002 - Munich (089) 85 7 
Paris i061 928 65 07 - Rome i06) 39 90 33 - Stockholm (08) 98 00 40 - Tokyo (03: 293-5141 - Turku (021) 678 11! 
Vienna +43 (222) 92 16 07 - Washington (301) 963 3200 - Zoetermeer (079) 31 92 01 
Over 60 qualified representatives throughout the world. 
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Antibody conjugates 


among more than 400 


developed and manufi 


Bio-Yeda 






B io-Yeda offers you a wide 
range of conjugated antisera 
including peroxidase, alkaline 
phosphatase, biotin/avidin, fluor- 
escein, rhodamine and ferritin 
conjugates to both human and 
animal proteins. 

Bio Yeda produces conjugates 
of affinity purified antibodies and 
monoclonal antibodies, as well as 
Protein A and PAP reagents. 

In fact the chances are excel- 
lent that you have already used 
Bio-Yeda’s high quality immuno- 
chemical and biochemical pro- 








ducts. They are sold all over the 
world under names you'd reco- 
gnize on any reagent shelf. 
Bio-Yeda's expertise begins 
with its unique association with 
the renowned Weizmann Institute 
of Science, and the company's 
own powerful R&D facilities. 
The products developed and 
produced by Bio-Yeda include a 
comprehensive range of conju- 
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gates, monoclonals, antibodies to 
human and animal proteins and 
antisera to hormones and drugs. 

For further information and a 
detailed Bio-Yeda catalog, call 
your nearest Authorized Bio-Yeda 
Distributor, or contact Bio-Yeda 
directly. 


bioyeda 


Serving Science and Medicine 
Bio-Yeda Ltd. Kiryat Weizmann, 
76326 Rehovot, Israel 

Tel: 08 470425, Tlx: 361930 MIYED IL 


Authorized Bio Yeda Distributors: North America: Miles Scientific, Div. of Miles Laboratories, Inc. 30W475 North Aurora Road, Naperville, IL 60566, USA. Australia: Bacto 
Laboratories Pty. Lid. 310-312 Elizabeth Drive, Liverpool, N.S.W., 2170. Austria: Biomedica GmbH., Rennweg 2, A-1030 Wien. Belgium: Vel NV., Geldenaaksebaan 464, 

3030 Leuven. Finland: Suomen Laboratoriopalvelu OY., Sinikalliontie 4, 02180 Espoo 18. France: Biosoft, 62 Rue des Grands Champs, 75020 Paris. West Germany: Renner 
GmbH, Riedstrasse 6, 6701 Dannstadt-Schauernheim 1. Italy: Technogenetics S.p.A., Corso Lombardia 16, 10099 S. Mauro Torinese, Torino, Japan: Daiichi Pure Chemicals Co., Lid. 
13-5, 3-Chome, Nihonbashi, Chuo-ku, Tokyo 103. The Netherlands: Brunschwig Chemie bv, Butaanweg 8, Postbus 70213, 1007 KE Amsterdam. Norway: Einar D. Fineide as, 
Postboks 85, 1472 Fjellhamar. South Africa: Seravac Ltd., P.O. Box 441, Eppindust Cape Town 7475. Spain: Instituto de Hemoderivados Immuno S.A., Apdo. de Correos 62, 
Sant Just Desvern (Barcelona). Sweden: AB Kemila-Preparat, Tingsvagen 19, Box 609-191 26 Sollentuna. Switzerland: Bühlmann Laboratories, Hohe Winde Strasse 38а, CH-4024 
Basel. South America: Compus System S.A., Av. 8 de Octubre 2573, Montevideo, Uruguay. U.K. and Eire: P&S Biochemicals, 38 Queensland Street, Liverpool L7 3JG, England. 
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When you order molecular tubes and freezer trays. 
biologicals from Pharmacia you'll At Pharmacia Molecular 
find we're pretty hot on delivery. Biology Division that's all part 

We'll dispatch your order — ofthe service. We realize that the 


as soon as we get it, packing it success of an experiment 
carefully in wet or dry ice. depends on the quality of the 
Now our enzymes are products used and the speed at 


supplied in screw cap mini vials which you get them. With us you'll 
with new waterproof labels, and find that the only thing kept 

will easily fit into your centrifuge оп ice is your product - not your 
UNITED STATES: Pharmacia Inc., 800 Centennial Avenue, Piscataway, М) 08854 Tel: (201) 457-8000 
CANADA: Pharmacia (Canada) Inc., 2044 St Regis Blvd. Dorval, Quebec НЭР IH6 Tel: (514) 684-8881 
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on arrival 


experiment. 

Contact us today and we'll 
send you our free catalog with 
details of over 800 molecular 
biologicals. 


Pharmacia... your partner in 
molecular biology. 


Pharmacia 


Molecular Biology Division 
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Map of FeO/MgO ratio of the quenched product of 
the experimental melting of peridotite PHN 1611 at 5 
GPa and 1,900°C. The komatiitic partial melt on the 
right shows spinifex texture of olivine and clino- 
pyroxene dendrites with interstitial glass. This is 
separated from the residual olivine by a smooth curve 
which may correspond to an isothermal surface within 
the furnace (see p.566). FeO/MgO colour code: blue 


«0.04; green «0.1; yellow «0.22; red «0.3; white 20.3. 
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Tuning in to neurotransmitters 
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How many unknown species 
are yet to be discovered? 
Jared M Diamond 
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ІВМ PC, XT or AT with DNASTAR's SEQ*EASY" digitizer-talker. 


More important the DNASTAR system includes SEQMAN, 
an advanced gel assembly program to automatically put the 
pieces of your project together in a single consensus 
sequence. DNASTAR even helps you design those ex- 
periments that are needed to most rapidly finish your 
sequencing project with its program, STRATEGY. With 
DNASTAR, sequencing projects dont need to be arduous 
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Vegetables in the Tropics provides full information on the 

cultivation and environmental requirements of about 140 crops. 


Hardcover ISBN 0 333 24266 1 £35.00 
Paperback ISBN 0 333 24268 8 £15.00 


Н.О. Tindall 





H D Tindall is Professor of Tropical Agronomy at the National College of 
Agricultural Engineering, Silsoe 


For further information please write to: Liz Digby Firth, 
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Channel Programmable Stimulator 
Master-8 


With Master-8 you only have to set-up the preparation... 
...Master-8 will do the rest !!! 
* Мор ао: based, reliable and simple to operate. 
* Wide voltage and timing ranges. 


Eight 


* Very low cost. 





APPLICATIONS — Master-8 controls the activation of 8 different instruments. 


FLEXIBILITY 
MODES 


— Master-8 is an extremely flexible system (see examples below). 

— Each channel can operate independently in the following modes: 
FREE-RUN, TRAIN (1 to 59,990 pulses), TRIGGER or DC. 

Two channels can also operate in the GATE mode. 

PARAMETERS — Duration, delay or interval time — ир to 3999 sec (> 1 hour). 
Pulse amplitude from -10V to-- 10V. 

— Eight stored paradigms allow several users to work on the same 
set-up. Switching between paradigms is very fast (BO msec). 

CONNECTIONS — Programmable inter-channel connections (no wires needed). Each 
channel can be connected with any number of other channels. 

— After power is switched off, parameters and paradigms are 
retained by a small lithium battery (AA size, 7 years life). 

— |n TRIGGER and TRAIN modes each channel сап be triggered 
manually — by one keystroke, or internally — from other channels 
(through the programmable connections). In addition two channels 
can be triggered externally — by external devices. (By 
connecting these channels internally to other channels, the 
external input can activate all the channels). 

— Bilevel pulses, Timer + two extra clocks. 

— Master-8-cp can be programmed and controlled by a computer. 
Master-8 .........................................8© 2200. 
Master-8-cp (computer programmable)..........$ 2600. 


PARADIGMS 


MEMORY 
TRIGGERING 


ALSO... 
COMPUTER 
PRICE ... AMAZING!!! 


FLEXIBILITY 


1) WORKING WITH THE OTHER 
CHANNELS: While some of the channels are 
running one sequence, the user can stil! work 
independently with the other channels in all 
the modes as described above. For instance, he 


Many kinds of stimulators and pulse- 
generators are based on the "''Single 
Sequence'' method where all the channels are 


linked to a single trigger source (this source can sequence: channel # 1 


A 
NA 


A.M.P.I. 


EXAMPLES OF THE FLEXIBILITY OF THE “INDEPENDENT CHANNELS” CONCEPT: 


3) PARTIAL SEQUENCE: The user 
activate only a part of the programmed”. 
sequence. For instance, suppose the following 
activates a tape 














can 





be triggered internally, externally and in some 
instruments also manually). Each trigger 
activates the whole sequence of channels. The 
disadvantage of this method is that the user 
can activate either the entire predefined 
sequence of channels or no channel at all. 
There is no possibility to trigger individual 
channels “out of the sequence”. 

Master-8 is based on the “Independent 
Channels” concept where the channels can 
operate independently of each other. Each 
channel can also trigger or be triggered from 
апу number of other channels. Therefore some 
Sequences can run in parallel at the same time. 
-1> This turns Master-8 into a particularly flexible 

System. 


These examples are only a sample of the many flexible variations by which the user can use Master-8. 


For more information write to: A.M.P.1., Gilo 206/12, P.O.Box 11071, Jerusalem 93384, Israel Telex: 26144 Ext 7789 
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can give test pulses on FREE-RUN through one 
channel, operate the air pressure manually by 
another, have a DC output from an additional 
channel, receive an external trigger which will 
activate other channels, etc. The user can do all 
of this without interfering with the main 
sequence. 

2) EXTERNAL GATE INPUT: Master-8 has 
the External Gate input option. This option does 
not usually exist in the "Single Sequence” 
method since the duration of the external input 
may be variable, while the sequence has to be 
fixed. For instance, a channel can send trigger 
pulses to an isolation unit at a preset rate 
during each input pulse from an external 
device. The duration of the input pulses can be 
unknown and variable. 


recorder, channel 42 triggers the oscilloscope, 
#3 triggers the calibrator, #4 sends a train of 
pulses to one nerve and #5 to another nerve; > 
The user can trigger manually a partial- 
sequence (for test purposes) like triggering the 
oscilloscope and stimulating the nerves, or 
only one of the nerves, without changing the 
programmed sequence. 
4) 'OR' TRIGGERING: The user can trigger 
internally one channel by any number of other 
channels (delayed 'OR' triggering). For: 
instance, the user can stimulate one nerve 
after stimulating each of some other nerves. 
(even if one of the stimulating channels was: 
triggered internally and another through the- 
external input at unknown times). 
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We know they'll behave 


themselves, we watched them 
grow up. 


1 


nipath may be a new name to you. But 
our products shouldn't be. In fact, our 
comprehensive range of laboratory 
diagnostic products are already extensively 
known and used throughout the country. 
However, what might not be so well 
known is that Unipath is a British company, 
part of Unilever, and that we research, develop 
and produce an extensive range of mono- 
clonal antibodies in the UK. 
And many of these monoclonals are pro- 
duced in Serum-Free Media, a unique 
Unipath process that gives us large quantities 
of pure monoclonals, and gives you antibodies 
of a reliably high titre and consistent quality 





Monoclonals in a class of their own 





The Unipath range of monoclonal anti- 
bodies to IgG subclasses, T-lymphocyte and 
cancer markers have been developed through 
co-operation between British research and 
British commercial development. We have a 
close involvement with leading centres such 
as Birmingham University and the Imperial 
Cancer Research Fund and have helped them 
to bring many of their important develop- 
ments into wider use. 

So although our monoclonals come from 
good homes, good breeding, on its own, 
can only get you so far. If we are to be sure of 
their total reliability, we have to keep a constant 
eye on them. So our production is subject 
to a level of quality control that ensures none 
but the best survive. 


Why settle for anything less advanced? 
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Optical density measurement and total - 
protein tests ensure a standard concentration. | 
While PAGE and ІЕЕ guarantee the purity 
and identity of each monoclonal. і 
Each batch is then tested in appropriate | 
techniques, and these are cross-checked ғ 
on а regular basis by independent, outside - 
laboratories. 3 
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Crude ascitic fluid 


Monoclonal antibody from serum-free culture supernatant 
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"Making the most of their opportunities | 





Only when a monoclonal antibody has 
passec all these tests and we are sure of its 
reliability, are we ready to pass it on to you. 

Our Sales Office can usually dispatch your 
order within 24 hours. i 
Our Customer Services Department is 
always on hand to supply you with the fast, 

reliable technical information you need. 

And, our Representatives are always 
ready to listen to your comments and pass on 
your ideas. 

After all the trouble we've gone to, it's nice 
to know our monoclonals are in good hands - 
once they leave home. 
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UNIPATH 





Unipath bring you a range of diagnostic products for the hospital and research laboratory as well as a comprehensive range of monocional antibodies, and polyclonal reagents for use in a vanety of 
techniques. Extensive evaluation and calibration prior to dispatch ensure reliability of results. And our technical and support service means that professional advice is always at hand. Contact Unipath 
Customer Services Department on (0234) 47161 for further details Uninath Limited Norse Road Redford MK4100 LIK Talonhnne: Вале [NIIA 1&3 Carrion le i133 41 91070" ma o 
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PROCESSING SYSTEM 





ere is the first fully integrated system safety and control unattainable with manual 
designed to hold and process membranes procedures. And better control means greater 
ог gels used in blotting and other binding reproducibility. 
assays. It is used to process membrane-bound 
macromolecules through probing, washing and 


drying, even visualization. TurboBlot processing uses minimal volumes of 


The TurboBlot system con- 
sists of a processing pouch 
and holder, base unit with 
fluid control, and vacuum- 
flow accessories. The system 
can process membranes up 
to 20 x 20 cm, and is useful 
in many techniques, 
including: 


* Southern Blots 

• Western Blots 

• Dot/Slot Blots 

* Filter-Binding Assays 
* Northern Blots 

• Direct Gel Probing 


Membranes are processed 
in a disposable flow-through 
pouch. Without heat sealing! 
Radioactivity and reagents are 
contained, thus eliminating 
spills and contamination. The 
TurboBlot system provides 


mRNA 


reactants and reagents. As 
little as one mL of probe! 
Since washes take minutes, 
not hours, the TurboBlot 
system can dramatically 
increase lab productivity. 


Efficient as well as fast, 
the TurboBlot system 
provides the low back- 
grounds needed in many 
procedures. And the com- 
pact, durable design allows 
handling of more than one 
membrane at once The 
result of over two years of 
research in cooperation with 
leading institutions, the 
TurboBlot system is finding 
usage in a wide variety of 
laboratory applications. 

So shift from manual 
processing. Contact ABN for 
more information, or to 
arrange a “test drive” of the 
revolutionary TurboBlot 
system. 


See us at FASEB 
Booth #1545 





ABN American BioNuclear PO. Box 8834, 4560 Horton Street,Emeryville, CA 94608 
Toll Free: 800 DNA-PURE or in California Call Collect: (415) 652-4466 Telex: 5101002022 
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APIC Studies in Data Processing Series 

PROLOG FOR PROGRAMMERS 

Feliks Klu£niak and Stanislaw Szpakowicz 

With a contribution by Janusz S. Bie 

March 1985, 293pp., $47.50/£36.50 (UK only), ISBN: 0.12.416520.6 
This book is not a primer. It is a reorientation exercise for experienced 


This introduction to PROLOG, its use and implementation assumes the 
reader has some programming experience and relates the unconven- 
tional PROLOG constructs to the programming methods and techniques 
used in, say, PASCAL thus helping to cross the psychological barrier 
between the two approaches. The book is practically oriented but avoids 
rritating the more sophisticated reader with the boring repetitions of 
peus elementary methods and procedures found in many introduc- 
y level texts. 


ne version of PROLOG used is almost identical to the widely accepted 
dinburgh PROLOG (the few differences are documented). 


FOUNDATIONS OF PROGRAMMING 
acques Arsac 
11985, 288pp., $29.50/£23.00 (UK only), ISBN: 0.12.064460.6 


ontents: Preface. List of Programs Discussed in the Book. Iterative 

9gramming. Recursive Programming. Recurrent Programming. From 
'cursion to Recurrence. From Recursion to Iteration. Regular Actions. 
ogram Transformations. The Transformation of Sub-Programs from 
ecursive to Iterative. Analytical Programming. 


'ORTRAN OPTIMIZATION 
tevised Edition 


Compilers. The 
ility. Vector Processors. Future Fortran. 


iliam W. Wadge and Edward A. Ashcroft 
fay 1985, 328pp., $39.50/£30.00 (UK only), ISBN: 0.12.729650.6 


ontents: Introduction. Iswim and Algebras. The language Luswim. 
cid: Luswim with Nested Iteration. Programming in Lucid. Program 
arisformation. Beyond Lucid. References. Appendix. Index. 


‘orthcoming titles — 


APIC Studies in Data Processing Series 
üLSE: AN ADA-BASED DISTRIBUTED 


OPERATING SYSTEM 
›. Keeffe, G.M. Tomlinson, L.C. Wand, A.J. Wellings 
Due August 1985, approx. 200pp. 


APIC Studies in Data Processing Series 
PROGRAM EVOLUTION: PROCESSES OF 
‘SOFTWARE CHANGE 

М.М. Lehman and LA. Belady 

Due August 1985, approx 350pp. 
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OPERATING SYSTEMS 

Structures and Mechanisms 

Philippe A. Janson 

March, 1985, 288pp., $29.50/£19.50 (UK only), ISBN: 0.1 2.380230.X 


Contents: Introduction: Operating Systems. Processor Management: 
Multiprocessing Issues. Multiprogramming Issues. Input/Output Ma- 
nagement: Device Control. Memory Management: Main Memory 
Management. Multi-Level Memory Management. High-Level Mech- 
anisms: File Management. Addressing and Naming. Protection and 
Security. Synthesis: System Design. Bibliography. Abbreviations. 
Glossary, Index. 


INTEGRATED TECHNOLOGY FOR 
PARALLEL IMAGE PROCESSING 

Edited by S. Levialdi 

March 1985, 234pp., $39.50/£29.50 (ИК only), ISBN: 0.12.444820.8 


Contents: P. Degano and U. Montanari, Specification Languages for 
Modelling Concurrency. L. Uhr, Augmenting Pyramids and Arrays by 
Embossing Them into Optimal Graphs to Build Multicomputer 
Networks. S.L. Tanimoto, An Approach to the Iconic-symbolic 
Interface. A.P. Reeves, Multicluster: An MIMD System for Computer 
Vision. T.A. Rice and H. Jamieson, Parallel Processing for Computer 
Vision. S.R. Sternberg, An Overview of Image Algebra and Related 
Architectures. R. Hartley and A. Rosenfeld, Hierarchical Line Linkin 
for Corner Detection. V. Cantoni, M. Ferretti, S. Levialdi, and F. Maloberti, 
A Pyramid Project Using re Technology. J.T. Kuehn, H.J. 
Siegel, D.L. Tuomenoksa, and G.B. Adams Ш, The Use and Design of 
PASM. M.J.B. Duff, Real Applications on CLIP 4, Graham R. Nudd, The 
Application of Three-dimensional Microelectronics to Image Analysis. 
J.D. Becker, Some Remarks Concerning the Use of Superlattices as 
Shift Registers. T.J. Fountain, Plans for the CLIP7 Chip. F.A. Gerrtisen, 
A. Monkel, and H.F.A. Roefs, Some Design Considerations for a Fast, 
Reliable and Low-Power Multiprocessor for Image Processing on 
Board Scientific Satellites. 


NOW IN PAPERBACK 


A Volume in the Computers and People Series 
FUNDAMENTALS OF HUMAN-COMPUTER 
INTERACTION 

Edited by Andrew Monk 

1985, 303pp., £10.00 (For Sale in UK only), ISBN: 0.12.504582.4 Pbk 
1984, $26.50/£22.50 (UK only), ISBN: 0.12.504580.8 Cloth 


The aim of this book is to share some of the knowledge acquired from 
research into Human Computer Interaction (HCI) with those at the sharp 
end of the design process, principally the systerns engineers and 
programmers. If effective interactive products are to be built and sold, all 
personnel involved in the process must be aware of the basic design 
process principles involved: it is not enough simply to consult an НСІ 
specialist when problems arise. 


MACHINE-INDEPENDENT ORGANIC 
SOFTWARE TOOLS (MINT) Revised Edition 
M.D. Godfrey, H.J. Hermans, О.Е. Hendry, R.K. Hessenberg 
June 1985, 375pp., $30.00/£25.00 (UK only), ISBN: 0.12.286983.4 


INTRODUCTION TO LOGIC PROGRAMMING 


Christopher J. Hogger 

1984, 288pp., $46.00/£35.50 (UK only), ISBN: 0.12.352090.8 Hbk 
1984, 288pp., $19.50/£15.00 (UK only), ISBN: 0.12.352092.4 Pbk 
Contents: Representation and Reasoning. Logic Programs. Prograrn- 


ming Style. Data Structures. Program Verification. Formal Program 
Synthesis. Implementation. Broader Contributions to Computing. 
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24-28 OVAL ROAD, LONDON NW1 7DX, ENGLAND 
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_ Biopolymer problems? 


-Noproblem with 
Varian HPLC. 


Post-Column Derivatization 
Hydrolysate and physiological fluid analysis 
Ninhydnn and OPA chemistries Fully 
automated systems for dedicated amino ас 
analysis | 


Pre-Column Derivatization | 
Rapid analysis Subpicomole sensitivity Stabl 
derivatives Simultaneous analysis of primary, 
and secondary amino acids 


Protein Purification 

Full spectrum of MicroPak™ TSK size exclus 
ion exchange, reversed phase, and hydropho| 
interaction columns for every application — | 


Peptide Mapping 

Best sensitivity with high efficiency columns 4 

state-of-the-art detectors Microbore HPLC fi 
. sample-limited applications and peptide — | 

concentration. 

PTH Amino Acid Analysis 


Rapid resolution on MicroPak PTH-AA Colun 
Subpicomole sensitivity with microbore HPL 
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Separation of Human Growth Hormone 
Tryptic Peptides on the MicroPak SP 
Protein C18 Column 


Amino Acid Hydrolysate 125 Picomoles 
Injected Precolumn Denvatization 
with FMOC ° 






CYS ACID 











Time Mins 















Analysis of Collagen Amino Acid Hydrolysate 


Purficaton a Lipoxidase 

y Hydrophobic Interaction onthe MicroPak Hydrolysate Amino Actd Column : Ч НРА : 
Chromatography on the Oligonucleotide Purification 
MicroPak TSK Phenyl 


Rapid, high-resolution separation of deprotec 
oligonucleotides on the MicroPak SP- 
oligonucleotide column. 


SPW Column 
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Elution Time (min) 







Minutes 


Varian Associates Ltd., 28 Manor Road, 
Walton-on-Thames, Surrey Tel: (0932) 243741 


Varian Associates Ltd., The Genesis Centre, 
Birchwood Science Park South, Birchwood, 
Warrington, Cheshire Tel Padgate (0925) 811422 








High Sensitivity PTH Amino Acid Analysis Е 


Product Purification 
with the Microbore-1 PTH-AA Column 


with the MicroPak SP 
Oligonucleotide Column 












varian 


Varian AG, Steinhauserstrasse, CH-6300 Züg 
Switzerland Tel (042) 23 2575 
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You are invited to join а select group of participants and some of the. 
world's foremost speakers at NATURE’s fifth international conference. 





Presented in conjunction with the University of California at San Francisco. 


OCTOBER 7, 8, 9, 1985—SHERATON-PALACE HOTEL .. 
SAN FRANCISCO, CALIFORNIA 





The 1985 conference presented by NATURE, the in- 
ternational weekly journal of science, in association . 
with the University of California at San Francisco will 
address what is perhaps the central unanswered 


question of biology today: How is the process of de- T 


velopment directed by genes? 

For three days, you will meet and listen to preeminent 
scientists, physicians and biotechnologists describe their. 
research and first-hand involvement in experimental ap- 
proaches involving the application of molecular biology to 
systems and organisms. Topics will include the diagnosis 


and therapy of genetic defects, homoeotic genes, yeast · 


development, development of the immune system—in- 
cluding T-cell receptors—-and the use of new biological 
materials in medicine and industry. Roundtable discus- . 


sions will be held each afternoon to give delegates ample j 
opportunity to mix with and question the speakers. Partic- ' 


ipants will have an opportunity to take part in detailed 
discussions and present their own ideas. Poster presen- | 
, tations are also being invited. 
WHO SHOULD ATTEND 

Senior Level Scientists, Medical Research Scientists, Bio- 
technologists, Scientific Policy Makers, А & D Scientists, ` 
Departmental Chairpeople. : 


TO REGISTER FOR THE CONFERENCE 

Return the form with your check, credit card authorization; 
or an authorized purchase order. 

Full 3-day registration fee: $375.00 

Pay only $325.00 if you register before July 31. 
LOCATION 


The Sheraton-Palace Hotel located at 639 Market Street, 


is convenient to the business and financial districts as well 
as downtown's most stylish shops and finest restaurants. 
Since its opening in 1875, this elegant hotel has hosted 
such world figures as seven U:S. presidents, Winston 


` Churchill, Nikita Krushchev, Sarah Bernhardt, Enrico Ca- 


ruso and Oscar Wilde. 

ROOM RESERVATIONS 

A large block of rooms has been set aside for attendees 
at preferred rates. However, we suggest you make your 
reservations early as delegate places and accommoda- 


‘tions are filling fast. Rooms can be reserved directly with 


the Sheraton-Palace Hotel by calling 800-325-3535. Be 
sure to, mention your participation in the NATURE 1985 
Conference to qualify for special rates. Singles: "e Dou- 
bles: $105 and $115. 1 


CMEs WILL BE AWARDED 

Extended Programs in Medical Education of the University 
of California School of Medicine in San Francisco 
designates this continuing medical education activity for 
18 credit hours in Category 1 of the Physician's 
Recognition Award of the American Medical Association 
and the Certification Program of the California Medical 


. Association. 
. BURSARY PROGRAM 


Bursary program for selected graduate students to be 


. announced during August 1985. 
. POSTER SESSIONS 


To have.your poster considered, T include a ' 
working title and brief synopsis of your topic and. send 
to Posters Editor, Nature Publishing Company, 

65 Bleecker Street, New York, New York 1096 
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OCTOBER 7, 8, 9, 1985—-SHERATON-PALACE HOTEL 
SAN FRANCISCO, CALIFORNIA 


TO REGISTER use This Card. (If card is miss- 
ing, Call (212) 477-9600). Register Now to Assure 
Your Place at this Important Event. 


(Please print or type) 


CONFERENCE REGISTRATION FORM 


Please reserve my place at 
Nature Update in Molecular Biology 1985 
Genes and Systems in Development. 





| wish to reserve Conference Registration(s) at $325.00 
per person in the name(s) of: 


and seats at the Tuesday Evening Dinner at $29.50 per 
person in the name(s) of: 











Name Title 








Co./nstitution 








Address 
City/State/Zip 


| understand that as a paid conference participant, | may attend all 
sessions, and receive all programs and other materials. 


My check for $ 


Charge my credit card as shown. 
L]Amex VISA О MasterCard 


Credit Card # 


Is enclosed. 





Signature (As it appears on card.) 


О Please bill me. П Please bill my organization. 
Purchase order no. attached. 


RETURN TO: 


Nature Update in Molecular Biology 1985 
c/o Nature Publishing Company 
65 Bleecker Street 


New York, NY 10012 N502 


DAY 2: TUESDAY, OCTOBER 8 





CELLS 

Speakers Topics 

M. Davis T-cell 
(Stanford) receptors 

U. Storb B cells 

(U. of Washington 

at Seattle) 

J.M. Bishop Oncogenes 

U. of California 

at San Francisco) 

M. Ptashne Regulatory 
iHarvard) proteins 

. Herskowitz Yeast 

U. of California development 

at San Francisco) 

z. Jaworski Plant 

Monsanto transformation 
DAY 3: WEDNESDAY, OCTOBER 9 

aENES 

speakers Topics 

А Palmiter Transgenic mice 
U. of Washington 

it Seattle) 

). Hogness Drosophila 
Stanford) homoeotic genes 
N. McGinnis Mammalian 
Yale) homoeotic genes 
f. Friedmann Human therapy 
О. of California : 

it San Diego 
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nference registration(s) in the name of: (please type or 
EEE ind seats 


in the name of: 





TITLE 











| STATE ZIP 
‘ence participant, | may attend all sessions and receive all 
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osed. 
Amex (О Visa O Mastercard 
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H 
i 


, 
иши аш net иш аы шы иш ии юш ин ии иш юш иш мш эш OR шш RE аш аш GN ам t 
t 
i 





BEAT THE WATER SHORTAGE! 


SPEED VAC WATER JET — An efficient vacuum source 


created by a high pressure pump forcing water through a jet. 
The preferred method for removing organic solvent vapors 


organic solvents. 
@ Vacuum Chambers 





@ Distillation Apparatus 


@ Filtering Flasks 
@ Dessicators 


@ Fume & Vapor Removal 


@ Dialysis Devices 


SPEED VAC 


sM 






“NO BUMP” 
Evaporation 
System for 
concentrating samples by 
volume reduction pror to 
analysis by Gas 
Chromatography (GC), High 
Pressure Liquid Chromatography 
(HPLC), Electrophoresis, TLE or TLC. 
100% sample recovery with Eluates, 
Hydrolysates, Extracts, and Dialized Solutions .. 
separate volatile organic solvents from Aqueous 
Solvents in one instrument 


UTISNNMNMNNMORNENENNSC С. 
4 * 


"NO BUMP" means no losses 


WATER 
JET 








and considerable savings if the 

О is a valuable one. We guarantee 
that-your isolation technique will yield 
incomparable results when you use a Speed 
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NARISHIGE. .. 
Quality you 
can rely on! 


MM-333 
MICROMANI- 
PULATOR ' 










MO-102 
HYDRAULIC 
MICRODRIVE 





















We stock, sell, and 
service the complete 
line of micromani- 
j pulators, micro- 
"drives, stereotaxic 
equipment; pipette 

pullers, microforges, 

and other equipment 
manufactured by the 
Narishige Scientific 
Instrument Laboratory 


Send Narishige Information to: 
Name 
Institution 
Address 
City 
Phone ( 














State 
N-6-5 


Medical Systems Corp. 


ONE PLAZA ROAD, GREENVALE, NEW YORK 11548 « (516) 621-9190 
TELEX—845031 MEDSYSTEMS 


| ———————— M ————— 
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Send for literature today. 


© Savant 


І SAVANT INSTRUMENTS, ІМС. 
110-103 Bi-County Blvd, Farmingdale, NY 11735 
(516)249-4600 
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Vac Concentrator. 


i 









U.S. Pat. #422669 








is available in 
microform. 


Ал University Microfilms 
Interhational reproduces this 
а SS" e *'* publication in microform: 

2 bo ба microfiche and 16mm or 
E. 35mm film. For information 
= about this publication or any 

of the more than 13,000 titles 
we offer, complete and mail the coupon to: University 
Microfilms International, 300 N. Zeeb Road, Ann Arbor, 
MI 48106. Call us toll-free for an immediate response: 
800-521-3044. Or call collect in Michigan, Alaska and 
Hawaii: 313-761-4700. 


Г) Please send information about these titles 
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Imagine the ideal environment for In Wavertree you have both with the 


| high-tech businesses. A place 
designed for technologies of the - 
future with scientific skills, research 
facilities and business expertise. 

That's what we've been doing in 
Liverpool. Creating this environment 
in the new Wavertree Technology _ 
Park and moving Liverpool forward 
into a new era. 


Move into your exclusive об 
To maintain a unique working : 
environment Wavertree is reserved 


scientific skills and research facilities of 
Liverpool's University and Polytechnic. 


Road, rail, air and sea connections 
Wavertree is one mile from the 
M62 linking you to the national 
motorway network. Inter-city rail links 
and national and international air . 
services give fast connections and 
Liverpools Freeport trades worldwide. 


A total business package 


In Wavertree, we've provided 
powerful back-up facilities. On-site 


exclusively for high secretarial and 
technology com- | office services, a 
panies. It covers 64 bank, restaurant, 
acres of landscaped What are health centre and 
park and rents start | conference suites. 
| = per аак Р we doin ОЇ пс НЕ ll advise оп 
odern offices an planning permis- 
factories are ready sion, construction 
for occupation and Іп the and grants so that 
if you want to con- ME your move goes 
struct your own | ahead smoothly 
dal jus аге. centre of a o 
10 adres. dd Li | ? wondered what we 
"ЫШ Liverpool? Esc 
Movingto | | гео его 
Wavertree enables ae) elena 


you to take advantage of maximum 
grants. Qualifying companies are 
eligible for the top Regional 
Development Grants towards staffing 
| and expenditure on fixed assets. This 
makes Wavertree a healthy financial 
proposition. 


High technology people and 
resources | 

To keep ahead, high-tech 
businesses need a constant flow of 
new ideas. This means having the right 
people and the REESE eae up. 
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you could be doing 
in Wavertree. Then ring Stanton Fuller 
on 051-228 2722. 


Luavertree 
(echnoleg 
oar 


Wavertree Technology Park Company 
Wavertree Technology Park 

Dryden Road, Liverpool L7 9PG 
Telephone: 051-228 2722 
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BACKGROUND 





Sequencing Grade Triphosphates 
From Pharmacia 


Ultrapure Deoxynucleoside Triphosphate Solutions 


While often overlooked, high quality triphosphates can increase 7 
gel clanty considerably, allowing reading of up to 30 % further 
from a single primer site, Pharmacia’s solution triphosphates are 
the most stable, homogeneous and diphosphate free available, 
and can be used without weighing, neutralization or 
concentration determination. 


2',3'-Dideoxynucleoside 5'-Triphosphates 


Ever since we provided the first commercial dideoxynucleosides 
in 1977, researchers have relied on our ultra-pure 

2’,3’- dideoxynucleoside 5’-triphosphates for the specific chain 
termination and low background needed in their sequencing. 


Keep your results clear 
of the background. 


Pharmacia 


Molecular Biology Division 
S-751 82 Uppsala, Sweden 
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Parliament's chance to act 


This week's debate in the House of Commons about the British government's handling of 
research and the universities could be a turning point, but the critics must take careful aim. 


THE research enterprise and the university system with which it 
is linked have been badly battered in the past six years, in part 
because they lost their political friends a long time ago. That is 
also why it is a long time since the condition of British science 
was last debated in the House of Commons. (The House of Lords, 
more leisured but less influential, has been more attentive.) 
Labour, the chief opposition party, has been crying out for 
months for a debate about Sir Keith Joseph's part of the enter- 
prise, the universities and the research councils, but has not gone 
so far as to sacrifice some of its own ration of parliamentary time. 
Now the government has arranged a debate for Friday, when the 
House of Commons will be almost empty. Complaints will be 
aired in a near-vacuum. Let us hope they do not go unheard. 

As always, it is important that the complaint should not be 
overstated. Complainants should at the outset concede a large 
part of the government's defence. There have been damaging 
budget cuts, but the Prime Minister has kept her promise, in 1980, 
to ‘‘protect’’ the direct income of the research councils, the con- 
tinuing need to reduce public spending notwithstanding. The cuts 
have fallen instead on the universities in a way that has damaged 
the underpinning of research, and on the research councils in- 
directly, by the whittling away of what government departments 
can afford to spend on commissioned research. The latest cut, 
by £10 million this year and £20 million next year, in the budget 
for basic agricultural research, has arisen from the separate deal- 
ings between the Treasury and the agriculture ministries, but in 
a way that suggests the machine is out of control. 

Complainants must also concede that there is no reason why 
research and the universities should have been exempt from the 
financial pressures to which other government spending has been 
' subject. Most universities are no doubt less efficient than they 
might be. The research councils are not uniformly paragons of 
good management (and some of them need urgently to be 
reorganized). There may even be something in the opinion that 
because British spending on research and higher education has 
grown as a result of ill-coordinated decisions to an arbitrary level, 
1t may now be arbitrarily cut back. Put simply, the case against 
‚ the budget cuts is not that they have been made, but that they 
have been decided and enforced without much thought for the 
consequences. Cash limits have become a substitute for thoughtful 
policy. Paradoxically, the results include not only economies but 
also diseconomies. 


Collapse 
The collapse of the dual-support system is the best known 
diseconomy. Britain has boasted of this device for supporting 
university research bimodally, by means of project grants from 
the research councils to researchers whose competence is assured 
from the recurrent university budget, which provides basic equip- 
ment, technician help and other elements of infrastructure. The 
system has been under strain for at least a decade, as universities 
have spent their shrinking funds on survival rather than research 
support. For at least five years, only the strongest universities 
have been able to support research groups adequately, often by 
spending precious reserves or by running up debts. 

One result is that research council funds intended as research 
grants must be spent instead on basic research support. Another, 


more damaging but more common, is that able research groups 
are frequently ill-provided with research support, even in com- 
petitive fields where being second counts for very little. In due 
course, this imbalance will be put right as the University Grants 
Committee implements its declared policy of transferring funds 
within away from less active university departments and even en- 
tire universities. But it will be a decade before that policy takes 
effect. One consequence will be a reduced demand for public 
research funds, another will be a reduction of the volume of 
publicly supported research, a third that many creative people 
will be stranded in places deemed unworthy of public provision 
of research support. No wonder that people no longer whistle 
on the way to their laboratories. 

The present system 1s often described as wasteful by its critics, 
but the remedy now prescribed entails waste not previously 1m- 
agined. The few thousand researchers from universities and 
research establishments. put out to grass in the past five years have 
been persuaded to ‘‘take’’ early retirement by financial in- 
ducements whose immediate cost (known as that of ‘‘restructur- 
ing’’) must be close on £50 million, but whose real cost will be 
buried in pensions plans for years to come. But the much more 
serious cost may be that implied by the frequent practice, among 
those displaced, of working profitably for employers outside Bri- 
tain. That little irony, with all its implications, deserves a men- 
tion on Friday. So, no doubt, will be the diseconomies enforced 
by the common need to operate educational plant below capaci- 
ty (because of constraints on student numbers) and to let research 
equipment lie idle (because operating funds are not to be had). 
Much of the experience of the past few years 1s a proof of the 
diseconomies of contraction. 

The British government's rejoinder is that many of these pro- 
blems would be less serious if only universities would do what 
they should have been doing all along, and forging stronger rela- 
tionships with industrial companies. Again, и should be conced- 
ed that many (but not all) researchers have been slow to recognize 
that there may be sources of support other than the government, 
with the advantages of plurality that would then accrue. But it 
15 unreasonable to expect that such funds will be forthcoming 
on a scale sufficient to make up for present deficiencies. It would 
be positively undesirable, and probably an offence against the 
rules of spending public money, that all hard-pressed institutions 
should top up their budget deficits in this way. But, in any case, 
such industrial funds as there may be will probably be distributed 
on the Matthew principle (“Чо him that hath '") and will be con- 
centrated among the better off. 





Biological manuscripts 


Miranda Robertson, Biological Sciences Editor of Nature, is now 
based in the Washington office of Nature. Manuscripts offered 
for publication may be sent, as at present, to either the London 
or the Washington office; with the benefit of good communi- 
cations, the speed with which manuscripts are dealt will be 
independent of the place at which they are received. But authors 
are asked please in future to send four copies of manuscripts 
intended for publication (one for each office and two for referees). 
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Closer industrial liaisons will, however, make for a more ef- 
fective transfer of science and technology from research 
laboratories to British industry. That has been a constant part 
of the government’s recent opinions. The argument has some 
force, but not all industrial liaisons with research are desirable 
or can even be expected to lead to worthwhile commercial enter- 
prises. There are many fields of research (software development, 
for example) m which 1t 1s more important that universities and 
public laboratories should remain impartial sources of advice for 
a whole sector of industry And the ragbag of innovations the 
universities are likely to produce under the new arrangements for 
their exploitation will not amount to a new industrial pattern for 
Britain, however valuable some of them may be. There ts nothing 
wrong with the government’s wish that British civil science should 
be more directly productive (than by the provision of manpower) 
of prosperity, but the naivety of the assumptions often implied 
about the nature of major industrial innovation suggest that some 
enterprising university might profitably design an elementary 
course in economic history for the British cabinet. 

Part of the British government's difficulty in this connection 
ts that it lacks machinery for considering these issues in the round. 
(The Advisory Committee for Applied Research and Develop- 
ment is a group of part-timers which seems to have gone to sleep.) 
But there are important issues crying out for remedy beyond the 
immediate boundaries of the Department of Education and 
Science. The steady erosion of the research budgets of the other 
civil ministries (other than the Department of Trade and Industry) 
suggests the government has abandoned the inconvenient 
Rothschild principle that all ministries should be competent to 
pursue research. Is it wise that such a state of affairs should come 
about by neglect? 

The problems at the Ministry of Defence are the opposite: 
research and development costs not much less than the whole of 
what the government spends on civil science, and is growing. Yet 
it is now nearly two years since the Prime Minister and the 
Secretary of State for Defence promised in public that defence 
research would be made more accessible to British industry. 
Ministers are busy people, so that it 1s understandable that such 
tasks, full of bureaucratic minefields, should be set aside What 
puzzles and demoralizes those who work in civil research is the 
zeal with which change has been ordained in the universities and 
the research councils 


Morale 


Morale, not money, 15 what matters in the end. The dictum that 
the management of success in research requires the creation of 
an intellectual climate in which good ideas (and their authors) 
can prosper is none the less true for being over-used. And 
although research managers (in universities as well as public 
laboratories) could have done more to protect creative people 
from the corrosive insecurity that afflicts them, these same peo- 
ple read the newspapers and learn what government spokesmen 
have been saying about the value of their work Sir Keith Joseph's 
own white paper on higher education (see Nature 23 May, p 270) 
is the most striking recent example of the genre By dodging ques- 
tions whose answers might have resolved uncertainty, by its view 
of higher education and research as an input/output system and 
by its repetition of a naive view of where industrial innovation 
comes from, п can only have made British academic researchers 
think the time had come to go elsewhere. [t seems a pity to hazard 
the productiveness of a whole community for modest savings at 
its margin. 

The British government's weakness ts that few of the changes 
now decreed, many of them well-intentioned, have been careful- 
ly thought through. If the proper calculations had been made, 
change would have been more deliberate, not necessarily slower. 
And even at this late stage, much could be done to put things 
right Making the system more coherent, perhaps by appointing 
a Minister of Science (part-time) would be the best course Tak- 
ing careful stock in the hope of learning where the research enter- 
prise 1s heading would be worthwhile. Replacing the policy о! 
management by cash limits with something more intelligent is 
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essential. And, for the time being, the issue is not one of party 
politics with the general election in Britain two years or so away, 
the erosion of morale is too rapid to allow an opposition the con- 
ceit that it might be possible to wait until then to earn the kudos 
of reform, for there may be little left by then. r1 


The tax man cometh 


President Reagan's recent reforms go only 


part of the way towards fairness. 


FORMER President Richard Nixon used to speak of various of 
his administration's actions as ‘‘the greatest (fill in the blank) 
since the Creation"; President Ronald Reagan may thus be 
forgiven for calling his tax reform proposal merely “the Second 
American Revolution" 

Amid the hundreds of pages of simplification їп Reagan's plan 
15 the retention of the research and development tax credit, a pro- 
vision that, according to independent economists, has cost the 
Treasury $1,000 million a year to stimulate $700 million worth 
of research and development. High technology and biotechnology 
companies, while grumbling along with other industries about 
the net 25 per cent increase in corporate taxes embodied in the 
Reagan plan, are full of praise for the wisdom of keeping the 
research and development tax credit. Sentiment in Congress is 
mixed, and since it seems unlikely that the Reagan proposal will 
be disposed of this year, and since the research and development 
credit is due to expire this year, it will take a special action by 
Congress to retain it 

The tax credit was passed under a banner of stimulating the 
United States’ supposedly lagging investment in the research and 
development that tomorrow's products will depend upon. 
Research and development costs had, of course, always been 
deductible as an ordinary business expense; the tax credit pro- 
vides an extra bonus — an outright rebate of taxes equal to 25 
per cent of a company's research and development spending that 
exceeds its average outlay in this area of the preceding three years 

Yet, as recent studies have shown, the credit has probably done 
little to stimulate new research. In fact, the credit has in effect 
been a reward for those companies that had already decided to 
invest in research and development To those who know the 
politics that were at work in passing the enabling legislation four 
years ago, that 1s probably no surprise 

Of course, the sponsors of the legislation did not come out and 
say so. But the authors of the legislation will now admit private- 
ly that the true purpose of the bil! was to equalize what the high- 
technology companies saw as unfair treatment in the tax code, 
Heavy manufacturers were reaping a windfall through the invest- 
ment tax credit (which gives a tax rebate of 6-10 per cent on new 
purchases of machinery) and accelerated depreciation So 
lucrative have these provisions been that many leading US 
manufacturers have paid no taxes for years. The high technology 
companies, whose products depend more on research and 
development than machines, did less well Thus was born the 
research and development tax credit. 

If tax simplification is truly the President's goal, then such 
backhandedness has no place in the tax code. The whole story 
of special interest politics has been one of obscure provisions mas- 
querading as lofty general principles but in fact carefully crafted 
to benefit group X (sometimes company X) that gave a nice cam- 
paign contribution to the right congressman. And the whole prin- 
eiple of tax simplification is the elimination of special treatment 
for some in favour of lower rates for all. 

The administration is proposing to bite the bullet and eliminate 
the over-favourable treatment of capital investment: under the 
Reagan proposal, both the investment credit and accelerated 
depreciation would be repealed. And a new minimum corporate 
tax would put a further effective cap on the benefits that the heavy 
manufacturers can reap from capital investment The cause of 
simplification and fairness might further have been served by go- 
ing further with the minimum tax, and eliminating the research 
and development credit о 
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-NEWS 


Hughes tops league 
of US charities 


Washington 

THE Hughes Medical Institute became the 
world's wealthiest charity last week when 
it sold off Hughes Aircraft Company to 
General Motors for an estimated $5,000 
million. Dr Donald Frederickson, president 
of the institute and former director of the 
National Institutes of Health (NIH), said 
the new endowment should allow the 1п- 
stitute to more than double the $100 million 
it currently spends each year on medical 
research in genetics, immunology, neuros- 
ciences and metabolic control. 

The sale also marks a further step in the 
demystification of the institute, which has 
been something of an enigma even to the 
scientists it supports. There is no such thing 
as applying to the Hughes Institute for a 
research grant; it only gives money to ‘‘af- 
filiate" laboratories, of which there are 
now eighteen, on medical school campuses 
around the United States. The institute 
pays the salaries of the 200 or so scientists 
who work in these laboratories and leases 
the buildings from the universities. The 
most recent campus to Join the select ranks 
is the University of California, San Diego 
and the Salk Institute. Others include Har- 
vard, Yale, Johns Hopkins and Stanford 
Universities. 

Like its mysterious founder, the institute 
has tended to operate beyond the public 
view. It has often been criticized for fail- 
ing to maintain any open criteria (including 
peer review) for selecting researchers and 
projects to support. 

That has changed dramatically, however, 
since Frederickson took charge in 1983, 
following a court fight in Delaware (where 
the ihstitute is legally incorporated). In the 
same year, Delaware's attorney general suc- 
ceeded in removing most of Hughes's for- 
mer associates from the board of trustees. 

The Hughes Institute's $5,000 million 
places it far ahead of any other charitable 
organization or foundation. The Ford 
Foundation, its closest competitor, has an 
endowment of $3,500 million The Battelle 
Memorial Institute, which had previously 
been the largest independent research in- 
stitute, has assets of only $250 million. 

Frederickson estimates that total public 
and private support of basic biomedical re- 
search totals $1,500-2,000 million in the 
United States; the Hughes Institute will 
thus be managing some 10-20 per cent of 
that total By comparison, the budget of 
NIH is to be $5,200 million next year, 
though much of that is for clinical and ap- 
plied research. 

Frederickson expects the eighteen ex- 
isting affiliate programmes to be expand- 
ed, as will a new scheme that he initiated 
to encourage medical students to consider 








research careers. Under this scheme, to 
which the institute has contributed $10 
million, students can spend one year work- 
ing at NIH with senior researchers. The 30 
Hughes Research Scholars will live and 
work in the former Sisters of the Visitation 
Convent adjacent to the NIH campus; the 
convent is being renovated with the Hughes 
Institute funds. 

Frederickson said the trustees are in the 
process of deciding whether the institute 
should continue business as a ‘‘medical re- 
search organization" — which, under 
federal tax laws, means it must conduct the 
research itself — or instead become a 
private foundation, which would allow it 
to make grants and expand its horizons to 
include medical ethics, scientific communi- 
cation and science education. Medical re- 





search organizations are required by law to 
spend 3.5 per cent of their assets each year 
exclusively on *'continuous conduct of 
medical research". For foundations the 
figure 1s 5 per cent and they must also pay 
an excise tax of 1-2 per cent on income. In 
addition, foundations are subject to restric- 
tions on their business activities. 

The sale of the Hughes Aircraft Com- 
pany has also removed the institute's linger- 
ing tax problems. Hughes set up the 1n- 
stitute in 1953 as a non-profit organization 
which, on paper, owned Hughes Aircraft 
— the piece of his industrial empire that 
now builds defence electronics but no air- 
craft. For many years the Internal Revenue 
Service contended that the institute was be- 
ing used as a tax shelter by Hughes, noting 
that very little of the Hughes Aircraft pro- 
fits actually reached the institute. Before 
1976, when Hughes died, the institute had 
never received more than $4.2 million in 
any one year from the company. Although 
it was eventually acknowledged that the in- 
stitute was legitimately engaged in conduc- 
ting medical research, other tax problems 
have remained. Stephen Budiansky 





Japan in space 


Carp to loop the loop? 


Tokyo 
JAPAN'S first astronaut, who may be a 
woman, is scheduled to blast off in the US 
space shuttle in early 1988 with a chicken 
egg, two carp, some soyabean seeds and 
20,000 fruit-fly larvae stored in Japan's 
section of the Spacelab Module. Not 
intended for eating, these organisms are 
vital components ın a series of life science 
experiments designed to shed light on the 
effects of space travel on man. 

Details of the fruit-fly experirnent were 
revealed at a symposium held in Tokyo last 
week. The fruit fly Drosophila, which has 
been subject to more than its fair share of 
radiation on Earth, will be used to assess 
the possible effects on human beings of 
long-term exposure to space radiation, 
including X-rays, low-energy protons and 
neutrons and high-energy cosmic radiation. 
The larvae will be carried in an incubator 


1 


aboard the spaceship and returned to Earth . 


once they have grown to become pupae. 


According to Professor Mitsuo Ikenaga of | 


Kyoto University, exposure to radiation 
should cause curling and/or multiplication 
of hairs on the wings of thé adult insects, 
thereby providing information about 
chromosomal changes induced by the 
radiation. 

In a closely relatéd experiment, soyabean 
seeds will be cultivated on return to Earth 
and mutations in the adult plants will be 
easily detectable from the colour of their 
leaves. But Taro Fujn, head of the Plant 
Section of the National Institute of 
Genetics, fears that the degree of exposure 
to radiation aboard the shuttle may be 
insufficient to produce mutations. 

In a study of space motion sickness, the 





behaviour and brain-wave activity of two 
carp in the weightlessness of space will be 
examined. 

A decade ago aboard Skylab, fish were 
Observed to perform strange looping 
movements for the first 3-4 days 1n space 
which corresponds to the duration of dis- 
orientation reported by mission specialists. 
In Japan's experiment, otoliths, which give 
the fish its sense of balance, will be 
removed from one of the carp and the 
effects of light on the fish monitored — 
normal carp turn their back toward a light 
source. ~ 

A preliminary experiment has already 
been carried out by Japan's Institute of 
Space and Astronautical Science (ISAS) in 
which one carp and three goldfish in a 
rocket-shaped capsule were dropped from 
a balloon at an altitude of 30,000 m. 
During the 20-second free fall, the carp 
showed promising behaviour, although the 
goldfish died during the ascent of the 
balloon. In another experiment a fertilized 
chicken egg will be hatched and the effects 
of weightlessness on the chick's bone cells 
examined. 

The Japanese astronaut responsible for 
looking after these and other experiments 
has yet to be selected Of 533 applicants for 
the job, seven remain after three stages of 
screening by Japan's National Space De- 
velopment Agency. These seven, including 
one woman, Chiaki Naito, will undergo 
final aptitude trials at the Johnson Space 
Center in Houston, Texas, beginning on 20 
June, and around September three will be 
selected, of whom one will join the space 
shuttle flight scheduled for 27 January 
1988. David Swinbanks 
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The RACE is on at last 


Brussels 

ALTHOUGH prevented by the Italian 
delegate from formally ratifying any 
decisions at their meeting on 4 June, the 
research ministers of the ten countries of 
the European Economic Community 
(EEC) nevertheless made several political 
decisions. The most tangible 1s the decision 
to launch the Community’s advanced 
telecommunications programme, RACE 
(Research in Advanced Communications in 
Europe). In addition, there were tentative 
decisions on an advanced informatics 
programme, Community participation in 
the European Synchrotron Radiation 
Facility (ESRF) and a scheme to provide 
more access to national facilities. 

The Italian blocking tactic came in the 
form of an insistence by Luigi Granelli, 
Italian research minister. and current 
president of the Council of Ministers, that 
any proposal should be dealt with as part 
of an overall package. By that ploy, 
Granelli had hoped to prise a formal 
decision from his nine counterparts finally 
agreeing to set up the Community's trinum- 
handling laboratory at Ispra in Italy. A 
decision was blocked by the United 
Kingdom and France, both of which have 
national facilities and object to providing 
further funds at Community level. It now 
seems likely, however, that the funds will 
be found out of the existing budget of the 
Joint Research Centre at Ispra and that 
President Bettino Craxi of Italy and 
President Francois Mitterrand of France 
will tie up these and other loose ends at 
their summit meeting in Florence. 

A green light for the definition phase of 
RACE (see Nature 28 March, p.309) was 
given despite problems in the meeting of 
the Telecommunications Council on 3 
June. This phase will cost six million 
European Currency Units (ECU) and will 
last 18 months. It will start in July with the 
construction of a European reference 
model for an integrated broad-band tele- 
communications network that will handle 
voice, data and video transmissions. As a 
result of pressure from the United Kingdom 
and West Germany, the funds proposed by 
the Commission for the next phase will be 
reviewed at a later date. The present 
proposal for the Community to cover half 
the cost is also to be reconsidered with a 
view to more industrial participation. On 
French insistence, the French-chaired 
European Conference of Post and Tele- 
communication Authorities will receive a 
large slice of the definition-phase contract 

The ministers took a positive view of the 
proposed location of ESRF at Grenoble 
and have asked the European Commission 
to consider possible participation. This 
move could help to ease present problems 
over the siting of ESRF (see Nature 14 
March, p.125 and 28 March, p.305), al- 
though since the facility has been proposed 














in the context of the European Science 
Foundation, it does not formally come 
under the jurisdiction of the European 
Community But because the problems of 
the siting of ESRF involve rivalry between 
member states (Denmark, Italy and France 
plus West Germany) and because the 
ministers of the Community long ago 
agreed to some measure of coordination 
betwen national policies and a definition 
of joint interests in science and technology, 
the research ministers agreed to set up a 
general information and consultation pro- 
cedure between the ten member states and 
the Commission. 

This proposal, from the Italian presi- 
dent, seems to have met with general ap- 
proval, both from the larger countries such 
as the United Kingdom, whose stakes ın- 
clude the Neutron Spallation Source at the 
Rutherford Appleton Laboratory, and the 
small countries that fear being left out of 
the running for important projects and 
which want fairer geographical distribution 





of scientific research sites. West Germany, 
however, raised the question of just how 
much access to major research institutes 
would have to be involved. As a first step, 
between now and the end of the year, the 
European Commission is to draw up an in- 
ventory of national and intergovernmental 
scientific laboratories and equipment. 
Ministers also considered the Italian- 
backed Initiative for Research in Infor- 
matics applied to Society (IRIS). While the 
idea has the support of member states, they 
are not yet prepared to pay for it. Mean- 
while, the Commission is to carry out a 
study of IRIS and to hold a seminar on it © 
in December 1985. . 
Inevitably the French-backed proposal 
for concerted research in advanced tech- 
nologies in Europe (Eureka) also came up 
for discussion at the research council. But 
apart from admitting that cooperation will 
include non-Community countries, officials 
intend to remain tight-hpped until the 
Milan summit, at the end of June, where 
European science and technology will be 
high on the agenda and at which it 1s hoped 
that a series of priorities will be agreed. 
Anna Lubinska 





US veterans 


Leukaemia figures in doubt 


Washington 

A HIGHER than expected leukaemia 
mortality rate among military veterans who 
took part in an atomic test in 1957 seems 
to be a statistical anomaly, according to a 
National Academy of Sciences study* that 
examined mortality rates of veterans who 
were exposed to similar amounts of radia- 
tion in other tests. None of these other 
groups show a statistically significant 
increase in leukaemia mortality as com- 
pared with the general population. 

An earlier study by the Centers for 
Disease Control had confirmed claims by 
veterans that an unusually large number of 
men who took part in the 1957 test code- 
named Smoky at the Nevada Test Site were 
dying of leukaemia. But the academy study 
suggests that chance alone could explain the 
result. 

Approximately 200,000 servicemen par- 
ticipated in atmospheric nuclear tests from 
1946 to 1962 at the Nevada site and in the 
Pacific. The academy study looked at 
46,000 who took part in five series of tests 
in which radiation dosimeter badges were 
issued to the men. 

A review of death certificates and 
medical records revealed that 10 of the 
3,554 men present at the SMOKY test had 
died of leukaemia by 1982 — 2.5 times 
more than would have been expected for 
a similar group in the general population. 
But the study notes that when leukaemia 
deaths in the Smiky group are compared 


*Монашу of Nuclear Weapons Теч Paitcipauts, 


Medical Follow-Up Agency, National Research 
Council, 2101 Constitution Avenue, Washington DC 
20418 








with the leukaemia deaths in all five 
groups, the difference is not statistically 
significant (P=0.16). In fact, the total 
number of leukaemia deaths (46) in the 
non-Smoky groups was slightly less than 
expected (52). Likewise, the number of 
deaths from all cancers in the Smoky group 
(67) was less than expected (84). Data from 
the dosimeter badges implies that there 
should have been only 0.2 excess leukaemia 
deaths in the Smoky group. So if chance 


tas not the explanation for the leukaemia 


deaths, then either the Smoky dosimeter 
data are several times too low or the 
generally accepted estimates of radia- 
tion-induced leukaemia dose—response 
curves are wrong, 

Although the study notes that it is 
impossible to prove that chance alone 
explained the anomaly in the Smoky group, 
it points out that the more comparisons 
that are made, the more likely it 1s that one 
will seem to be statistically significant by 
chance. This is illustrated by the analysis 
of all five groups for eight different kinds 
of cancer. A small excess of prostate 
cancers is found in one group; but there 1s 
a one-third chance that when eight 
independent comparisons are made, at least 
one will produce a P-value of 0.5 just by 
chance. 

Veterans’ groups have called the report 
"ridiculous"! and complain that it makes 
no sense to compare the atomic veterans 
with the general population. Because those 
selected for military service are healthier 
than the general population, such 
comparisons minimize health problems in 
the veterans Stephen Budiansky 
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Energy 


NEWS— 


Conservation in vogue 


FRENCH nuclear power is increasingly 
abundant, supplies of natural gas from 
Siberia and Algeria will soon outstrip 
demand and the French government has set 
up a study group to invent new ways of 
using electricity. So why does France need 
the Agence Frangaise pour la Maitrise de 
l'Energie (AFME), which last year spent 
some FF 2,500 million (£210 million) on 
supporting energy conservation and 
renewable energies in community housing, 
industry and research? Because it pays, a 
team of financial inspectors has concluded. 
The inspectors were provided by finance 
minister, Pierre Bérégovoy, who is now 
tearing his hair out over the 1986 (election 
year) budget, due to go before parliament 
in November but to the Council of 
Ministers much sooner. Bérégovoy, who, 
like most finance ministers, is looking for 
savings, wondered if an increase in energy 
taxes could be arrange not only to increase 
revenue but also to save energy 
According to AFME sources who have 
had a chance to look over the inspectors’ 
work, their conclusion — which ts not due 
to be published — is'that the ‘‘inter- 


ventionism’’ represented by AFME is the: 


best way of achieving energy savings. 
Moreover, AFME itself is the best way of 
going about the intervention 

AFME director-general M. Bernard 
Laponche says there has always been 
“tension” over AFME and its policy of 
investment aids. The tension arises between 
the ‘‘technical ministries". of industry, 
energy and research, backed by President 
Mitterrand himself, and the financial 
Sources. Matters may have been made 
worse by last year's figures which show 
French primary energy consumption rising 
by 2 per cent despite AFME’s investments, 
some 80 per cent of which go towards 
saving or substituting for oil. 

But says the ex-trades unionist president 
of AFME, M. Michel Rolant, his agency’s 
actions saved 2.2 million tons of oil 
equivalent (t.0.e.) in 1984 in a total of 191.6 
million t.o.e., so things would have been 
worse without. AFME. Moreover, the 
general export trade improved in France 


last year because of the cheap franc, so a, 


little AFME juggling shows that the French 
energy bill went down last year — when 
measured in terms of months of general 
exports. In 1984, France worked just two 
and a half months to pay its energy import 
bill, the lowest since 1980. 

In reality, it is still the cost of oil imports 
that makes AFME's work politically 
attractive. In its medium-term programme, 
AFME aimed to produce energy savings 
over the decade 1981-90 of 40 million t.o.e., 
more than a fifth of oil imports, of which 
some 20 million t o e., were to come from 
improving home insulation and 10 million 
from industry; renewables, which 
contributed 3.4 million t.o.e. in 1981, were 














planned to bring in 10-14 million t o.e. in 
1990, mostly from biomass. 

There is still a long way to go to reach 
those targets (set nearly three years ago) but 
AFME staff are encouraged by the fact that 
m 1984, for the first time, energy savings 
profited the balance of payments by more 
than AFME aid itself — FF 3,000 million 
against FF 2,500 million. Nevertheless, 
AFME aid is rarely 100 per cent, so that 
actual energy-saving or energy-substituting 
investments in France last year amounted 
to some FF 11,000 million. This sum may 
take a considerable time to pay off. 

Robert Walgate 


Soviet Union 


Phobos mission 


THE Soviet Union is planning the first-ever 
mission to Phobos, the larger and inner 
moon of Mars, in 1988. The two-probe 
mission will include a close fly-by of the 
satellite, at an altitude of 50m, during 
which a laser gun will be fired to stir up 
surface dust which will then be captured 
and analysed. 

This will be the first Soviet mission to 

Mars since 1973. Eighteen months ago, 
Aviation Week and Space Technology 
suggested that the Soviet Union was 
planning a mission to Phobos, with an 
approach to within ‘‘a few thousand feet" 
for 1986. 
' The actual plans for the mission, at 
present code-named ‘‘Mission-F’’, seem 
considerably more sophisticated than the 
Aviation Week speculations, which 
suggested that the Soviets had abandoned 
Mars flights because of 14 failures or 
partial failures out of 15 launches or 
attempted launches between 1960 and 1973. 
The Soviets, they said, had realized that 
they could not compete with the plans for 
the US orbiter/lander mission. In the 
opinion of Aviation Week, the projected 
Phobos flight was simply a ‘‘poor man’s 
asteroid mission". 

Perhaps in answet to such smears, the 
Soviet space planners are trying to make 
the Phobos mission as international as 
possible. Sweden’s Kiruna Geophysical 
Institute has been invited to supply an 
instrument for measuring the energy and 
mass of solar wind particles around Mars 
and Phobos. Poland will supply a device 
to study plasma-waves, similar to those 
supplied to the Venus-Halley probes now 
in fhght. Bulgarian and West German 
scientists are developing a special laser mass 
spectrometer in conjunction with their 
Soviet colleagues; the East Germans will 
supply optical systems for filming and map- 
making and there are plans for a joint 
Soviet-French device for studying the 
chemical composition’ of the martian 
atmosphere. Vera Rich 
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Chromosome libraries 


Ploughshares 
from swords? 


Los Alamos, New Mexico 

AN ambitious project to create the first 
human chromosome-specific gene libraries 
is expected to have covered the entire 
genome by the end of the year. The lib- 
raries, which are being constructed at Los 
Alamos and Lawrence Livermore National 
Laboratories, are already attracting strong 
commercial and scientific interest. Once the 
project is complete, the rate of human gene 
mapping will increase by a factor of ten, 
according to the project team; batteries of 
probes for chromosome-specific diseases 
and chromosome-specific stains are among 
the other benefits expected. 

Twelve commercial companies are 
among the 500 organizations that have 
already received chromosome libraries 
from the National Laboratory Gene 
Library Project. Investigators who receive 
libraries (free of charge) are asked to in- 
form the project of whatever characteriza- 
tons they make. The libraries so far 
available are made using two different 
restriction enzymes — HindIII at Liver- 
more and EcoRrl at Los Alamos. The clon- 
ed DNA fragments are up to 9 kilobases 
long. Now it 1s planned to produce 
17-kilobase fragments, which are more like- 
ly to contain entire functioning genes and 
will be of greater use in basic molecular 
biology. Lawrence Livermore and Los 
Alamos National Laboratories are primari- 
ly weapons laboratories and not the most 
obvious places to find a cloning project. 
According to Larry Deaven, principal pro- 
Ject investigator at Los Alamos, the labora- 
tories were chosen because of their exper- 
tise in chromosome sorting, which arose 
from studies of the effects of radiation on 
animal cells 

The chromosomes for the libraries are 
extracted either from human fibroblast cell 
lines or from hybrid human/hamster cells. 
After treatment with two fluorescent dyes, 
different chromosomes are separated auto- 
matically under laser light. Chromosomes 
that are not easily distinguished with two 
dyes are subjected to a third stain: accor- 
ding to Deaven, the chromosomes that are 
easy to separate have now all been cloned 
and ‘‘we’re left with the hard ones’’. The 
efficiency of cloning has improved dramati- 
cally since the project started in 1983: 
whereas several million chromosomes were 
then needed to start a library, the figure is 
now down to 100,000. 

The library project, at present supported 
by the Department of Energy with a budget 
of $400,000 this year, will not always 
remain at Los Alamos and Livermore 
As soon as both phases have been success- 
fully completed, stocks will be handed 
over to the National Institutes of Health, 
which will also maintain information on the 
libraries. Tim Beardsley 


UK embryo research 


NEWS 


‘Embryo protection bill resurfaces 


IN an unprecedented attempt to use the 
complex rules of House of Commons pro- 
cedures, supporters of Mr Enoch Powell’s 
Unborn Children (Protection) Bill failed by 
only the narrowest of margins to rein- 
troduce it into the legislative timetable last 
week. 

The bill, which would effectively ban all 
experiments on human embryos, was given 
a second reading in the House of Commoris 
earlier this year by a large majority of 172 
(see Nature 313, 618; 1985) But, partly 
because of lack of official government sup- 
port, the bill was *'talked out” at its third 
reading on 3 May (see Nature 18 April 
p.573). Normally, a private member's bill 
would, at this stage, have no chance of fur- 
ther progress, so the government seemed 
set to proceed sedately with its owr com- 
prehensive legislation on reproductive 
technology, based on the recommendations 
of the Warnock committee (see Nature 312, 
389; 1984). 

In an extraordinary fight back, however, 
Mr Andrew Bowden MP agreed to re- 
introduce Mr Powell’s bill by exploiting his 
position at the head of the queue on private 
members’ motions day, 7 June. He includ- 
ed the motion that the House of Lords 
should finish its scrutiny of the bill, if pass- 
ed by the Commons, by 5 July, although 
such a request cannot be enforced 

Opponents of Mr Powell’s bill, including 
the Archbishop of York, re-argued their 
case in the days leading up to the prospos- 
ed debate. Dame Mary Warnock saw a 
"great tide of moral fundamentalism, 
sweeping across from America" as a ge- 
nuine threat to proponents of licensed, con- 
trolled research. In fact the question was 
settled in parliament by procedural means. 
Mr Dennis Skinner MP found and made 
use of a rule that a motion to make a writ 
for a by-election (there is one outstanding) 
takes precedence over any other business, 
and ensured that the subsequent debate on 
the subject took hours rather than the usual 
few minutes. Only 16 minutes of time re- 
mained to debate Mr Powell’s bill and this 
was ruled as inadequate to put the case for 
a debate, which otherwise might have lasted 
all weekend 

Meanwhile, the Medical Research Coun- 
cil and the Royal College of Obstetricians 
and Gynaecologists last week pressed ahead 
with their voluntary licensing authority for 
in vitro fertilization (IVF) and embryology 
techniques (see Nature 4 April, p.397) by 
publishing the authority’s guidelines. These 
are based on the Warnock committee 
recommendations but each research pro- 
gramme will be licensed and projects will 
be considered individually. Programmes in- 
volving genetic manipulation or implanta- 
tion of human embryos i other species will 
be refused licences. The conditions for 
receiving a licence include: 

@ Scientifically sound research on the pro- 


cesses and products of IVF. 

@ Sound reasons why human, rather than 
animal, tissue is to be used. 

@ The aim of research must be clearly 
defined and relevant to clinical problems. 
@ Pre-embryos (dividing cells up to deter- 
mination of the primitive streak) resultmg 
from the research should not be transfer- 
red to a uterus except to establish a par- 
ticular pregnancy. 

@ Signed consent for the use of ova and 
sperm to be obtained from both donors. 
© Fertilized human ova not to be cultured 
in situ for more than 14 days 

@ The means of embryo disposal to be 
specified at the outset. 
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The voluntary guidelines are particular- 
ly appropriate now, as the government has 
announced that it will not introduce legisla- 
tion in the next parliamentary session — 
that is, for at least a year. The popular sup- 
port for Mr Powell's bill means that the 
government would be under considerable 
pressure to include his proposal in any 
legislation it seeks to introduce. 

The tortuous progress of Mr Powell's bill 
contrasts strikingly with the smooth 
passage of Mr Norman Fowler's emergen- 
cy bill to ban commercial surrogacy, which 
received three readings in the House of 
Commons between 28 March and 13 May. 
It 15 due for a second reading the House 
of Lords on June 14. The bill bans com- 
mercial surrogacy agencies qnd advertising 
of and for surrogacy services. 

Maxine Clarke 





Nuclear winter 





Cautious support from SCOPE 


INVESTIGATIONS into the environmental 
consequences of nuclear war by the Inter- 
national Council of Scientific Union's 
Scientific Committee on Problems of the 
Environment (SCOPE), whose report will 
be published in September, essentially 
confirm the results, and reflect the uncer- 
tainues, highlighted by the US National 
Academy of Sciences (NAS) last year 
(Nature 312, 683; 1985). The likelihood of 
a nuclear winter — a prolonged period of 
sub-zero temperatures ın mid-northern 
latitudes following a major exchange of 
nuclear weapons — ts thus given further 
support. This was the message that emerged 
at the 16th and final workshop of SCOPE- 
ENUWAR, held at the University of Essex 
this week and last week. But SCOPE has 
taken investigations a step further by con- 
sidering the possible ecological con- 
sequences of the potential climatic effects 

Paul Crutzen, of the Max-Planck Institut 
fur Chemie, a member of the steering com- 
mittee, emphasized that the SCOPE study 
differs from its predecessors in that, instead 
of defining an exact war scenario as a 
Starting point, such as the 6,500 megaton 
baseline case adopted by NAS, it has 
considered the destruction of a variety of 
proportions of the available combustible 
material and the injection of tonnages of 
smoke into the atmosphere consistent with 
a several thousand megaton nuclear war. 
Taken together with the improved general 
climatic models which now incorporate, in 
three dimensions, the interactive feedback 
between smoke plumes and winds, this 
should enhance the credibility of 
suggestions of a nuclear winter, according 
to S. Schneider of the US National Center 
for Atmospheric Research. 

What has become clear, said Crutzen, is 
that the proportion of soot produced in 
urban and forest fires following a massive 
nuclear attack — the *'blackness'"" of the 
smoke — is perhaps the most important 
factor. This in turn is dependent on the type 


of fires foreseen, with urban and industrial 
areas being more significant than forest 
fires. At the end of the day, SCOPE's 
“baseline case” of an attack on 30 per cent 
of the combustible material in the 
developed world produces less smoke than 
the 6,500 megaton borderline case of NAS, 
but it is blacker, so the resulting effective 
optical depth is about the same (4.5 for 
SCOPE, 5.2 for NAS). 

The most important unknowns in this 
estimate are the nature of the smoke from 
burning oil stocks, and the physical and 
chemical processes that could affect 
particles in individual smoke plumes. Little 
1s known of what happens when an oil pool 
is set on fire, although experiments with 
pools up to 50m across suggest that the 
degree of ventilation 15 the crucial factor 
in determining the relative proportions 
of incompletely burnt hydrocarbons, 
elemental carbon and gaseous oxides, that 
15, how dirty the smoke will be. 

The NAS and SCOPE studies both high- 
light the lack of knowledge of processes 
operating ın discrete plumes (up to 50 km 
across). If mesoscale processes tend to 
cause particles to agglomerate, this will 
clearly increase the rate of removal by 
gravity ("гапош") and may affect the 
optical properties of smoke plumes. Dis- 
cussions at the workshop focused on two 
possibly opposed effects. First, the inter- 
action of the plume with local weather 
conditions may produce more precipitation 
than 1s usually foreseen, which could wash 
the particles out or cause agglomeration, 
thereby decreasing the amount of smoke 
reaching the stratosphere. On the other 
hand, meso and microscale processes 
within plumes may increase the lofting of 
smoke, thus putting more particles into the 
upper atmosphere. 

As Barrie Pittock of CSIRO 
Atmospheric Research, Australia, stressed, 
escape of soot into the stratosphere could 
cause marked climatic effects in the 
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Southern Hemisphere, especially if the war 
occurred in July rather than January. In 
particular, interactive climatic modelling 
suggests a lowering of tropopause (the 
boundary between the troposphere and the 
overlying stratosphere) from its present 
heights of roughly 9 km in high latitudes 
and 20 km over the tropics to about 4 km 
over the North Pole and 10 km in the 
Southern Hemisphere. This, in turn, would 
mean that a considerable amount of 
smoke, perhaps 60 million tonnes, enters 
the stratosphere where it has two climatic 
effects. First with an optical thickness of 
0.1 to 0.5, the smoke results in concomitant 
reduction in global insolation of roughly 
20 per cent. Second, a July war would 
cause some smoke to drift into the 
Southern Hemisphere, with the general 
consequence of reduced global 
precipitation. In particular, cooling over 
the Tibet plateau turns off the southwest 
monsoon. But it has to be emphasized that 
there remain significant uncertainties in 
such calculations because the models do not 
take account of the potential effects of 
precipitation, 

Although much more research is needed 
into the implications of these climatic 
changes for both natural ecosystems and 
agriculture, the results give cause for 
concern. The areas likely to suffer the worst 
effects of nuclear winter, the tundra and 
boreal forests, are the best equipped to 
cope, noted T.C. Hutchinson of the 
University of Toronto, because they are 
naturally adapted to extremes of climate. 
But the tropical mangrove and evergreen 
rain forests have no such protection and are 
very vulnerable to damage by sub-zero 
temperatures lasting only a few days or 
weeks. 

The effects on agriculture could be even 
worse, said M.A. Harwell (of Cornell 
University). What emerges is that although 
a July war would have more severe 
immediate and short-term climatic effects 
than one fought in January, the precise 
timing may be important. For example the 
occurrence of just one or two nights with 
temperatures below 15?C at a critical 
period in the growing season could wipe out 
an entire rice harvest. And perhaps as little 
as a 3?C fall in temperature would be 
sufficient almost to elimimate Canadian 
wheat producion. This loss of production, 
combined with the hkely absence of 
imports, would be disastrous for most of 
the surviving world population. For 
example, on loss of imports alone, even 
assuming 100 per cent of present 
production, Japan could only feed half of 
its present population. And most 
underdeveloped countries appear to have 
only about four months supply of stored 
food. If the climatic effects of a nuclear 
winter in July lie towards the colder end of 
the range physicists consider plausible, the 
ensuing lack of food may have a greater 
impact on the global population than the 
immediate effects of the nuclear attacks. 

Peter Gambles 
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NEWS 
Sakharov 


Mystery on the cards 


RELATIVES of Academician Andrei 
Sakharov living in the United States are 
becoming increasingly concerned about his 
whereabouts and well-being. They know of 
nobody who has seen either Sakharov or 
his wife, Elena Bonner, in their Gor'kii ex- 
Пе, since February. During April, they 
received reports that Sakharov had begun 
another protest fast, and that he was con- 
veyed to hospital for forced feeding on 21 
April. A postcard signed by the couple (see 
illustration) also apparently dated 21 April, 
which represents them as commencing their 
spring-cleaning on that date, now proves 
to have been tampered with in transmission 
to conceal an original date of 1 April. 
During the past two months, there have 
been many conflicting reports about the 
Sakharovs, including rumours that they 
were to be released to the West under an 
amnesty to mark the 40th anniversary of 
the end of the Second World War in 
Europe, and even that they had already ar- 
rived in Zurich. (These rumours may have 
emanated from Soviet official sources, in 
order to defuse international tensions 


before the Ottawa Human Rights 
*Helsinki Review" meeting.) Sakharov 





The 1 April o! 21 April card 


from the Academy of Sciences in protest 
at the passivity of his fellow academicians 
regarding his plight and that of his wife, 
who has been refused permission to travel 
to the West for eye surgery. The arrival on 
25 May of the *'21 April" postcard initial- 
ly led the relatives in Boston to have 
“serious doubts” about the protest fast, 
and to be more optimistic. 

Closer examination, however, revealed 
a number of anomalies. Because mail from 
the Soviet Union frequently fails to arrive, 
Mrs Bonner numbers all postcards (the 
couple are apparently not allowed to write 
letters). The card dated ‘21 April" was 
numbered 21, but the family had previously 
received cards numbered 22 (dated 3 April) 
and 26 (dated 17 April). The latter took two 














weeks to arrive, while card number 21 ap- 
parently took 34 days. Moreover, on card 
no 21 Mrs Bonner asked if the family had 
received the birthday presents that she had 
sent [marked ''4" in illustration] while card 
22 (3 April) says: ‘‘the day before yester- 
day we received a card from mother say- 
ing that the birthday presents for Sasha and 
Tanya have arrived”. 

Furthermore, card 21 contains an odd 
sentence (with a grammatical error in the 
verb-form) which seems to imply that the 
snow had melted (past tense) [3] and the 
gütters were now running with water (pre- 
sent tense). In card 22 (3 April), Mrs Bon- 
ner had reported the snow almost all gone, 
and according to the Pravda weather 
reports there was no snow in the Gor'kii 
area during the last ten days of April. 

The relatives therefore took the postcard, 
and the thirteen other cards received from 
the Sakharovs this year, to Charles Ger- 
shin, a certified master graphoanalyst in 
Massachusetts. Gershin knows no Russian, 
but the Russian cursive script, unlike 
printed Cyrillic, 1s based on the Latin 
alphabet. Examination under high-power 
magnification, therefore, made it possible 
for Gershin to detect interference He 
found that on card 21: 

ө А ‘‘2” had been inserted before the date 
[1] which had originally read 1 April. 

@ The alteration of a single letter in line 
2 had changed an original ‘‘April has 
gone” [2] (somewhat premature if written 
on the 21st) to ‘‘April has соте”. 

ө Similarly the alteration of one letter in 
the sentence about the snow changes an 
original ‘is melting" to '*has melted" (with 
an unavoidable grammatical error). 

The implication, therefore, is that the 
card number was tampered with in order 
to give the impression that the Sakharovs 
were leading their ‘‘normal’’ lives on 21 
April, from which the logical conclusion 
would be that something untoward must 
have occurred. The unconfirmed reports of 
Sakharov's alleged fast state that he began 
it on 16 Apnl, so how would the 
*tamperers"' have had to hand the card 
mailed on 1 April? One possibility 1s that, 
for some reason, the censors had decided 
to withhold this card anyway, and then, 
when the story of forced-feeding broke on 
15 May, the security authorities quickly 
looked through their stock of recent cards 
for anything that could be doctored. 

The relatives in Boston are now unwilling 
to commit themselves on any report about 
Sakharovs, even whether they are alive or 
dead. According to Dr Efrem Yankelevich, 
Mrs Bonner's son-in-law, several friends in 
Moscow apparently received messages from 
the Sakharovs on 20 May (the eve of Dr 
Sakharov's birthday), but these were sent 
by facsimile, which, he says bitterly, ‘‘are 
even easier to forge than a postcard”? 

Vera Rich 
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Velikovsky defended 


Sır — Yet another book and book review 
(Nature 25 April, p.692) on Velikovsky! 
Many people who have been warned off 
reading him by earlier writings must 
wonder how long this will go on and why. 
Are there really people who read Velikov- 
sky, and 1f so, why would anybody with 
sense read so poorly recommended an 
author? Perhaps my experience will provide 
some indication. 

I never dreamed of reading Velikovsky 
for ten years after his first book, Worlds 
in Collision, because the publisher's ill- 
considered advertisement suggested it was 
written 1n support of religious literalism, 
and scientific critics, rather rabid sounding 
but presumably competent, spoke un- 
favourably of him. 1 only became curious 
and started to read him when, as a com- 
muter in need of reading matter, 1 saw 
some literary figure quoted to the effect 
that Velikovsky was much a better writer 
than his critics. He does indeed read well. 
His sentences flow, one paragraph leads in- 
to another and there is never a moment of 
boredom at which to break off. The cata- 
strophes are vividly described, the reasons 
advanced for believing in them interesting. 

The reasons may, of course, be quite 
wrong, but that uncertainty is part of the 
charm of such reading. If a Velikovskyan 
catastrophe seems an implausible explana- 
tion of the sudden death of the Siberian 
mammoths, one is at least impelled to 
wonder again what kind of catastrophe it 
was. If Velikovsky, m spite of some mild- 
ly favourable remarks by Einstein, seems 
unlikely to have discovered electrostatic 
forces neglected by the astronomers, one 
becomes curious to know the basic physics, 
the degree of unanimity of the astrono- 
mers, earlier theories (1f any) of electro- 
statics in astronomy, whether, as Velikov- 
sky claims, the recent space probes tell 
something relevant and whether Einstein 
had a habit of encouraging eccentrics. 

Critics have made much of Velikovsky's 
alleged appeal to the ignorant and also to 
his supposed religious motivation, some- 
thing never documented and which I do not 
find in his books. He continues to be read 
because he appeals to the intellect and the 
imagination, and to a hunger for good 
writing. RICHARD F. SHAW 
53 W. Beaumont Road, 

Columbus, Ohio 43214, USA 


Arms talks 


Sir — Your leading article (Nature 21 
March, p.205) about the Geneva arms talks 
15 a sensible argument about strategies for 
the negotiations. You recommend that ex- 
pectations not be built too high too soon, 
and I concur wholeheartedly. These are the 
most difficult negotiations we have entered 
into with the Soviets, because there are 
three subgroups on space and defence, 
intermediate-range nuclear weapons and 
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CORRESPONDENCE 


strategic weapons. 

These negotiations will take years. In- 
terim agreements along the way would be 
reasonable objectives. Both sides must be 
willing to pursue confidence-building 
measures designed to lessen tensions, and 
to give hope to people living under each 
flag that a period of lessening fear 1s poss- 
ible, even probable. Improving the atmo- 
sphere for negotiations by ratifying the two 
unratified testing treaties might also be 
helpful. And trying to understand the issues 
from the other fellow’s side of the table is 
sound advice indeed. To do that, we need 
to comprehend more about the other 
fellow, and even more than that, we need 
to know the fears, hopes and dreams of his 
countrymen. TED STEVENS 

US Senator 
Republican, Alaska 
United States Senate, 
Committee on Appropriations, 
Washington, DC 20510, USA 


Cuts in wrong place 


Sir — I have recently been following the 
debate over the Natural Environment Re- 
search Council (NERC) corporate plan in 
your pages. 1 have been interested in the 
work of some of the NERC institutes, par- 
ticularly that undertaken by the Institute 
of Marine Environmental Research (IM- 
ER), the Freshwater Biology Association 
(FBA) and the Institute of Terrestrial 
Ecology (ITE), all of which are represented 
in the area in which I am presently but tem- 
porarily in residence. 

I teach, and have taught, environmen- 
tal science subjects in colleges and univer- 


NERC staff reductions (from annual report) 
1980-81 1981-82 1982-83 1983-84 


HQ 191 191 191 186 
NSS* 200 208 190 203 
Institutes 2,870 2,750 2,678 2,376 


Staff levels (1983-84) as percentage of 1980-81 


% of 

1980-81 % Change since 1980-81 
HQ 97 -26 
NSS 101 +15 
Institutes 83 -172 


*Excluding ships’ crews 


sities in the United States, Canada and New 
Zealand where I took a similar interest in 
studies of equivalent organizations. I have 
found the work of the NERC institutes 
with which I am familiar to be generally of 
as high, if not higher, calibre as that in 
other countries. I was therefore surprised 
to learn of their present financial predica- 
ment. This led me to examine the NERC 
annual reports which contain the research 
council's record of diminishing manning 
levels between 1980 and 1984 (see table). 
The institutes (plus the British. Antarctic 
Survey, BAS) have suffered a 17.2 per cent 
drop in manning levels against a 2.6 per 
cent drop in headquarters (HQ) staff and 
an actual increase in the NERC Scientific 
Services (NSS) of 1 5 per cent. 

HQ and NSS contribute no commission- 





ed revenue towards the NERC budget 
whereas the institutes (not including BAS) 
do offset some of their costs through com- 
missions. As it 1s also true that NSS is large- 
ly administrative in composition, this seems 
to be a rather good example of the tail wag- 
ging the dog. Surely cutbacks should be at 
least as heavy in the administrative sector 
(if not greater) as at the business end of the 
organization? That is certainly a difference 
between the way things are here in the 
United Kingdom and in the other countries 
I have mentioned. 

It seems very sad, in light of this, that 
1,000 scientific jobs are to disappear when, 
as seems probable, there should be some 
slack in administrative staff numbers yet 
to be taken up. J.S. McPHERSON 
27 Louviers Road, 

Littlemoor, Weymouth, Dorset, UK 





Value-free science 


SiR — Your correspondent M. Diesendorf 
(Nature 10 January, p.92 and 25 April, 
p.666) writes as if he believes complexity 
to be an adequate substitute for validity. 
If he does so believe he is in plentiful com- 
pany, but errs nevertheless. Of course 
LD;es are statistical statements; of course 
it is sometimes hard to isolate the cause of 
a particular death; of course juries are 
sometimes flummoxed. So what? Are 
“values” supposed to creep in under a sort 
of smokescreen? 

As for the suggestion that the statement 
“I am going to poison my wife" may be 
“‘value-free’’ because it declares intent, let 
us recall the wise saying that there are times 
when one good laugh is worth ten thousand 
arguments. 

M. HAMMERTON 
University of Newcastle upon Tyne, 
Department of Psychology, 
Ridley Building, Claremont Place, 
Newcastle upon Tyne NEI 7RU, UK 





Mass extinctions 


Sır — В.С. Hope (Nature 18 April, p.574) 
complains that he has had enough of the 
wild speculations of recent years about the 
extinction of the dinosaurs. As a palaeon- 
tologist, [ heartily agree. 

However, Mr Hope thinks that it 1s the 
palaeontologists who are to blame. If he 
examines the credentials of the speculators, 
he will find that the great majority of them 
are not palaeontologists. In offering his 
own speculation (that the mammals 
destroyed all of the vegetation and ate the 
eggs of the dinosaurs faster than they could 
lay them), he falls into the class of people 
whom he wishes to criticize. No palaeon- 
tologist would subscribe to such a simplistic 
and biologically unrealistic notion. 

M J. BENTON 
Department of Geology, 
Queen's University of Belfast, 
Belfast BT7 INN, 
Northern Ireland, UK 
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Tuning in to neurotransmitters 


The slow-acting chemicals that modulate fast synaptic transmission in the nervous system May 
help to unify the disparate disciplines that make up neurobiology. 


For too long it has been common to make 
the analogy between the central nervous 
system (CNS) and digital computers Both 
are hard wired, and information 1s 
transmitted as digitally coded electrical 
signals. But in the nervous. system com- 
munication at the synapses between the 
neurones is a graded release of chemical 
neurotransmitters, which have fast, brief 
effects on very limited targets In the past 
- ten years it has been realized that an enor- 
mous number of substances are involved 
in synaptic communication, subtly 
, modulating the transmission process. 

Unlike the fast transmitters, most of the 
neuromodulators are slow acting, long 
lasting and often work at long range in very 
complex ways. A new concept of the ner- 
vous system is emerging of hard-wired cir- 
curts constantly tuned by chemical signals. 
This modulation gives the nervous system 
its flexibility and adaptability to long-term 
changes, both internal and environmental. 

The distinction between the fast 
transmitters and the neuromodulators was 
explored on 16-17 May at the symposium 
that inaugurated the Merck, Sharpe and 
Dohme Neurosciences Research Centre at 
Terlings Park, Harlow, United Kingdom. 
Fast transmitters generally open 10n chan- 
nels in the postsynaptic membrane, thus 
changing the membrane potential. Onset 15 
rapid and duration brief. As well as 
acetylcholine at the neuromuscular junc- 
tion, in the CNS the amino acids glutamate 
and aspartate seem also to be fast ex- 
citatory transmitters, whereas gamma- 
amino butyric acid and glycine are in- 
hibitory. Modulators, which include the 
catecholamines noradrenaline, dopamine 
and serotonin and numerous neuropep- 
tides, act metabolically, like hormones, by 
activating a chemical second messenger in 
the postsynaptic cell. 

But even this classification is breaking 
down: it is the postsynaptic receptor that 
determines the action of a transmitter, not 
the chemical. Most transmitters have more 
than one type of receptor; for example 
acetylcholine has a fast receptor associated 
with an ion channel and a slow receptor 
that works through a chemical second 
messenger. Both can be present on the same 
cell, so one transmitter can elicit both fast 
(milliseconds) and slow (seconds or 
minutes) changes in the membrane 
potential. 

Nor do modulator chemicals all work 
through the same second messenger. Some 
alter the activity of adenyl cyclase which 

i 











in turn changes the level of cyclic AMP; 
others stimulate the breakdown of 
phosphatidy! inositides (for review see Ber- 
ridge, M.J. & Irvine, R.F. Nature 312, 315; 
1984). Again the pathway is determined by 
the receptors and several modulators have 
two types of receptor, one linked to each 
pathway. А ‘ 

Receptors for neuromodulators may be 
on any part of the neurone. Modulators in- 
teracting with receptors on presynaptic ter- 
minals, seem to modulate transmitter 
release, possibly by altering calcium flux. 
Other specific actions of neuromodulators 
include the suppression or enhancement of 
various postsynaptic tonic currents, which 
alter the excitability of the postsynaptic 
membrane (see Nature News and Views, 6 
June, p. 454). Some of these effects seem 
to be mediated by cyclic AMP-dependent 
activation of protein kinases (S. Waalas, 
Rockefeller; Nestler, E. & Greengard, P. 
Nature 305, 583; 1983). Protein phos- 
phorylation could also be involved in the 
control of synaptic vesicle release; in short- 
term memory by altering synaptic efficacy; 
and in regulation of gene expression. The 
resulting changes in protein. synthesis 
underlie long-term memory, by producing 
permanent changes at synapses, and in 
regulating receptor density, which might 
alter a neurone’s sensitivity to transmitters. 

Many modulators do not seem to be re- 
leased at typical synapses but as a cloud 
that diffuses through the extracellular space 
to targets that may be over 100 um away. 
Here again it seems to be the specific loca- 
tion of receptors that determines which cells 
respond to such *parasynaptic' diffuse sig- 
nals (F.O. Schmitt, Massachusetts Institute 
of Technology), creating order in place of 
potential chaos. Unless there is a predic- 
table, structurally defined basis to the CNS, 
precise responses.to such imprecise signals 
cannot be expected. 

Modulators interact not only with fast 
transmitters but also with each other. Some 
neuropeptides, such as vasoactive intestinal 
polypeptide (VIP), work partly by increas- 
ing neuronal metabolism and possibly also 
by increasing local blood flow. Based on 
evidence for amplification of the action of 
noradrenaline by VIP, F. Bloom (Scripps, 
La Jolla) proposed that such interaction 
could produce very precise spatial control 
of cortical circuits. The mosaic of VIP- 
containing cells in the cortex may generate 
a localized, activity-dependent modulation 
of the global effects of noradrenaline, so 
regulating activity in single minicolumns of 











neurones only 30um in diameter 

Although we are beginning to glimpse 
the complexity of neuromodulator effects 
at the cellular level, we know even less 
about the effect of neuromodulators on 
behaviour. The most dramatic analysis 
comes from E. Kravitz and his colleagues 
(Harvard; Kravitz, E. ег al. in Model 
Neural Networks and Behavior, ed. 
Selverston, A. Plenum, New York; 1985) 
on the control of the reciprocal aggressive 
and submissive postures in the lobster. In 
the aggressive posture, all the flexors 
muscles are contracted; in the submissive, 
the extensors contract. Both postures can 
be elicited by injections of monoamine. 
Serotonin produces the aggressive posture, 
octopamine the submissive. These 
modulators act both in the periphery and 
in the CNS. At the neuromuscular junction 
both have similar actions producing long- 
lasting increases in transmitter release and 
enhancing muscle contractility. In the CNS, 
however, they have opposing effects on 
specific groups of motor neurones. The 
neuronal programmes that result in the two 
postures are hard wired but the readout of 
the appropriate programme seems to be 
facilitated by the particular modulator as 
it raises or lowers the thresholds of the rele- 
vant motor neurones (at least). The cellular 
mechanisms underlying the serotonin ef- 
fects in the periphery are already being 
analysed and the central effects could be 
pursued to the cellular level. What causes 
the initial changes in modulator concentra- 
tions remains an open question. 

It is a serious problem for neurobiologi- 
cal research that the subject 1s studied on 
a number of different levels, ranging from 
the molecular constituents of membranes 
to whole animal behaviour, and it is dif- 
ficult to access one level from another. The 
lobster studies are a good example of the 
power of neuropharmacology to provide a 
bridge between these levels. In order to 
understand how neuronal circuits work, it 
1s now necessary to appreciate the way a 
chemical messenger can cause short or 
long-term changes in receptors or channels, 
which in turn can influence a neurone's 
excitability, change its metabolism, modify 
transmitter release or affect the synthesis 
of new proteins, including receptors. 

We are only just beginning to understand 
these processes, but it seems that the ever- 
increasing list of neuroactive substances 
and the complexity of their actions may be 
the unifying factor so far lacking in 
neurobiology Jennifer Altman 
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NEWS AND VIEWS 


How many unknown species 
are yet to be discovered? 


from Jared M. Diamond 


IN THE nineteenth century, when much of 
the globe was still biologically unexplored, 
the discovery of new species was the most 
exciting and productive area of biology. 
Today, the study of molecules is the trend, 
and searches for new species are outmoded. 
The most vocal searchers, the crypto- 
zoologists, are ridiculed because of their 
fixation on finding mythical large species 
— preferably primates, carnivores or long- 
extinct taxa such as dinosaurs!. 

No one doubts, and few people care, that 
thousands of small terrestrial invertebrates, 
cold-blooded vertebrates and plants await 
description, especially in the tropics. These 
groups have even yielded major surprises, 
such as the discovery of the world’s largest 
lizard (the three-metre-long Komodo 
dragon) in Indonesia in 1912, or of the 
dawn redwood tree (Metasequoia) in China 
in the 1940s. Nor does anyone question that 
novelties occur in the abysses of oceans: for 
example, recent finds of a new family 
of large-mouthed shark, living crosso- 
pterygian fish and a primitive class of 
molluscs (monoplacophorans) previously 
thought to have become extinct about 400 
million years ago. 

Some biologists, undeterred by being 
unfashionable, continue to scour the Earth 
for new birds and mammals — but are 
there any more species to be found? The 
answer is yes: new birds and mammals turn 
up every year and occasionally even a 
species thought extinct is rediscovered. 
Although not satisfying the crypto- 
zoologists’ desire for monsters, these finds 
have proved important in several branches 
of biology!7. Tables 1 and 2, assembled 
from the recent taxonomic literature?!?, 
summarize the new finds by region, date 
and taxon. 

Since 1900, 134 accepted new genera of 
living mammals have been discovered?, 
mostly in the tropics (Table 1), to yield a 
current total of around 1,050. From its 
nineteenth century peak the discovery rate 
dropped steeply to an asymptote of about 
1 genus per year, maintained since 1940 
(Table 1). No new genus has been found 
in the United States since 1916 (the last be- 
ing the doubtfully distinct bat Idionycteris), 
and none in Europe since 1922 (the vole 
Dinaromys ın Yugoslavia). 

The 20 mammalian orders are rep- 
resented unequally in the new finds (Table 
2). Eleven orders, all of them poor in 
species, have contributed no new genera, 
whereas four (rodents, bats, shrews and 
marsupials) have produced 90 per cent of 
the novelties. Re-expressing the results as 
the ratio of new genera to total number of 
species to take account of differences in 











richness of species among orders, these last 
four orders are still the most abundant, 
joined by rabbits and whales (new 
genera/total number of species 1s > 2.8 per 
cent). Among the species-rich orders, 
primates and carnivores have yielded no 
new genera since 1907 and 1919, respect- 
ively. Thus, large terrestrial mammals seem 
to be almost completely known at the genus 
level; the recent new species are all to be 
found among small terrestrial mammals 
and whales. In fact, no new species of a 
large terrestrial mammal has turned up 
since the kouprey, a primitive, rinderpest- 
resistant species of wild ox, discovered in 
Indochina in 1937 (ref. 13). 

Small does not mean unimportant. Re- 
cent finds include two mammals so distinct 
that they had to be placed in new families. 
One of these, the bumblebee bat (Cra- 
seonycteris), found in Thailand in 1974, 
is the smallest known warm-blooded animal 
(see figure)?. With a weight of only 2 
grams and a length of 3 cm, it challenges 
physiologists to understand how it recon- 
ciles small size with heat conservation. The 
other new family 1s the dormouse Selevinia, 
found in Kazakhstan deserts, which has the 
peculiarity of moulting its epidermis as well 
as its hair?. 

Several genera of supposedly extinct late 
Pleistocene mammals have suprised zool- 
ogists by turning up alive. The Australian 
mountain pygmy possum (Burramys), 
described in 1896 from fossils 20,000 years 


Table 1 New genera of hving mammals described 
from 1900 to 1983 and new species of living birds 
described from 1934 to 1975 





Region Mammals Birds 
Neotropics 31 56 
Africa 27 35 
Oriental 20 8 
Philippines 7 8 
Celebes 6 0 
New Guinea 19 9 
Australia 4 3 
Pacific islands 1 10 
Palaearctic 14 2 
North America 2 0 
Oceanic 3 3 
Date 

1900-09 42 

1910-19 23 

1920-29 24 

1930-39 12 

1934-39 27 
1940-49 7 27 
1950-59 8 . 32 
1960-69 9 31 
1970-79 8 

1970-75 17 
1980-82 1 
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old, was caught rummaging behind the gar- 
bage pail in the kitchen of Melbourne 
University’s ski lodge in 1966. The ‘ice-age 
peccary' Catagonus is now the largest of 
living peccaries, having been found running 
in herds through the Paraguayan Сһасо!*. 
Bulmer's fruit bat Aproteles was describ- 
ed from 10,000-year-old fossils, then dis- 
covered alive in a New Guinea cave, and 
finally re-exterminated or driven out by 
hunters, all within the same уеаг!?.` 
Among birds only nine new genera (but 
134 new species) have been found since 
1934 (refs 7-12). As with mammals, the 
discovery rate plummeted in the first 
decades of the twentieth century, but has 
remained steady at around three species per 
year since 1941 (Table 1). Most of the 
novelties have come from the neotropics 
and Africa, with bursts of discoveries 
occurring when the mountains of New 
Guinea and the Philippines were explored 
between 1938 and 1962. In recent years 
South America, particularly Peru, has been 
responsible for about half the novelties. 
Neither Europe nor the United States has 
yielded a new species in a long time. 
Disproportionately few of the new species 
belong to big, conspicuous and wide- 
ranging orders of birds such as hawks 
(mew species since 1934/total species = 
1/287), parrots (1/346), ducks (0/148), 
charadriiforms (waders and gulls, 0/334) 
and ciconiiforms (herons and ibis, 0/122). 
Disproportionately many belong to groups 
that tend to be cryptic, geographically 
localized or small, such as owls (4/146), 
petrels (3/66), tinamous (2/47) and bab- 
blers (10/255). Eight of the nine newly 
described genera are songbirds (passerines) 
with small geographical ranges. 
Although most of the new bird species 
are similar to previously known species, 
several are very unexpected in distribution, 


Table 2 Newly described genera of hving 
mammals in each order 


New genera/total 


Order number of species 
Monotremata 0/3 
Marsupialia 11/260 
Xenartha 0/29 
Insectivora 11/391 
Scandentia 0/16 
Dermoptera 0/2 
Chiroptera 26/917 
Primates 2/180 
Carnivora 2/269 
Cetacea 4/78 
Sirema 0/5 
Proboscidea 0/2 
Perissodactyla 0/18 
Hyracoidea 0/7 
Tubulidentata 0/1 
Artiodactyla 3/185 
Pholidota 0/7 
Rodentia 72/1,752 
Lagomorpha 3/65 
Macroscelidea 0/19 


The number of new genera are those described 
between 1900 and 1983, the total number of 
species are those found up to 1983. 












The bumblebee bat Craseonycteris thonglongyai, 
the world's smallest mammal, was discovered in 
1974. (photograph courtesy of J. McNeely). 





morphology or behaviour. Peacocks were 
5. thought to be confined to southeast Asia 
^ until the discovery of the African peacock 
(Afropavo) in 1936. The tiny Philippine 
babbler Micromacronus, although in size 
no rival of the bumblebee bat, is still one 
of the smallest songbirds. The New Guinea 
bowerbird Archboldia proved to have a 
uniquely sadomasochistic display: the male 
crawls prostrate on the bower floor while 
the female whips her wings over him!*. 
In contrast to the case for mammals, 
пеге seems to be no bird species described 
з asa fossil and then found alive. But several 
is species thought to be extinct have been 
“rediscovered after a few decades or, in one 
case (the Bermuda petrel), after three cen- 
turies. The most important such redis- 
covery was of New Zealand's kakapo, the 
largest and only flightless parrot in the 
world, and the only flightless bird with 
a lek mating system". Other notable discov- 
eries were those of the takahe, a flightless 
grazing gallinule in New Zealand's alpine 
grassland, and New Guinea’s yellow- 
fronted bowerbird, whose ornate plumage 
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, and spartan bower lend support to the 
| transfer theory of bower evolution'®. 

In summary, finds of new birds and 
mammals will please neither cryptozoo- 
logists nor those who consider biological 
exploration an anachronistic waste of time. 
New species are continuing to turn up at 
a slow but steady rate, and many areas of 
biology are being enriched by the 
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extinction of birds and mammals is rising 
steeply, and will soon overtake the rate of 
discovery as the destruction of continental 
tropical rain forests proceeds. Few of the 
endangered tropical species will have been 
subjected to much field study before they 
vanish. Of the very few species thought 
extinct and subsequently rediscovered, 
almost all are now endangered. Man seems 
to find it much easier to bury species alive 
than to resurrect them permanently from 
the dead. 0 
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Mathematics 


The power of positive thinking 


from lan Stewart 


IN 1900 David Hilbert delivered a famous 
address to the International Congress of 
Mathematicians in Paris in which he dis- 
cussed 23 open problems whose solution he 
considered to be of outstanding impor- 
tance, C.N. Delzell has now improved the 
known results of the 17th of Hilbert's prob- 
lems: the representation of positive fünc- 
tions as sums of squares. This lies at the 

` heart of the algebraic theory of inequalities. 
For example, the inequality x? + y? + 2? 
= xy + yz + zx follows easily from the 
observation that 2 (x? + у? + 22 – xy - 
yz ax) = (х у)? + (у 0) + (2- х)?. 
-Hilbert's. 17th problem effectively asks 
= whether a similar trick is capable of prov- 
ing any inequality involving only rational 
functions. A rational function is the 
quotient. f/(x,y,z...)/gX,),z,...) of two 
polynomials. If a rational function is 
positive for all real values of its variables, 





must it be the sum of a finite number of 
squares of rational functions? Hilbert could 
prove it for functions of one or two 
variables, but not in general. 

The first solution of Hilbert's 17th pro- 
blem in the affirmative was obtained by E. 
Artin (Abh. Math. Sem., Hamburg 5, 100; 
1927). In the 1950s the solution was im- 
proved by A. Robinson, H. Henkin and G. 
Kreisel, who used ideas from model theory 
(the study of structures satisfying axiomatic 
conditions) and mathematical logic. 
Recently, Delzell (Inventiones Math- 
ematicae 76, 365; 1984) has refined the 
solution further, showing that it can be 
made continuous and constructive. 

To understand Delzell's work, consider 
the simpler case of the Four Squares 
Theorem. J.-L. Lagrange proved in 1770 
that every positive rational number is a sum 
of four rational squares. For instance, 





discoveries. But, ominously, the rate of | 


: tions p, q, г and s, such that for all com 





| proved that 1 + x?y* + xy? ~ 3x?y? is 
> always positive, but cannot be written a 
| a sum of squares of polynomials. (But it 


5/3 = P + (2/3)? + (1/3? + (1/33. The 
proof was constructive, in the sense that: 
provided a definite process for finding th 
four squares required; but there was no 
obvious pattern to the final results, Small. 
changes in the rational number concerned: 
could lead to large changes in the sum- 
mands. Н. Heilbronn, however, proved th 
startling result that a uniform analytical 
solution exists (J. London Math. Soc. 
39,72; 1964), in the following sense. Ther 
are four specific complex-analytical füne 






















































































plex z the identity 

z = pz) + qz) + rXz) + sa) 
holds. Further, whenever z is rational and. 
positive, then each of p(z), g(z), r(z) and: 
s(z) is rational. Thus, the same analytica’ 
formula provides a representation as à sum 
of squares for any positive rational z. 

It is natural to enquire whether Hilbert's 
17th problem has a similar type of solution. 
Because of the generality in which the pro 
blem is currently posed, the notion of an: 
analytical solution must be replaced by that: 
of a continuous solution: basically a fixe 
sum of squares of continuous functions. 1 
1982, Delzell produced some negative evi 
dence showing that any representation o 
fourth-degree polynomials in three vari- 
ables, as a sum of squares of second-degree 
polynomials, must be discontinuous. | 

This negative evidence, however, has a 
loophole. Nothing in the problem specifies. 
that positive polynomials must be герге=. 
sented as sums of squares of polynomials.: 
Indeed, if the problem were to be stated 
under this restriction, it would be false 
T.S. Motzkin (in Inequalities ed. Shisha, 
O., 205, Academic, New York; 1967) has 


is a sum of squares of rational functions, 
thanks to some fortuitous cancellations of. 
terms), And Delzell's current work exploits: 
this loophole to obtain a constructive, con- 
tinuous solution. 5 

To state Delzell's theorem precisely 
would involve too much jargon, but it 
spirit is this: there exist specific continuous: 
functions ру, p», ... and rj, г, ... such that 
every positive polynomial f can be written: 
as a finite sum of terms p, (cd,...,X,y, ...) 
r/(c,d,...,x,y,...). Here, p; are positive 
numbers, r, are rational functions, the 
terms c,d,... are the coefficients of f and 
х,у... are its variables. The restriction t 
polynomial f is made to obtain a simple 
statement of the theorem. The result holds 
if the coefficients of fare real numbers or, 
more generally, lie in a ‘real closed field’. 
The case of a general ordered field of 
coefficients remains open. 

A good mathematical problem doesn't 
just die, nor does it merely fade away into 
oblivion, but remains a source of inspira- 
tion. Hilbert's 17th problem continues to 
be a part of living mathematics. G 
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Astronomical clocks 


Probing the early Universe 
with the millisecond pulsar 


from Bernard Carr 


CouLD the millisecond pulsar known as 
PSR1937 +21 provide information about 
processes that occurred within the first 
millisecond of the Big Bang? That is one 
of the intriguing questions raised by the 
results reported by M.M. Davis, J.H. 
Taylor, J.M. Weisberg and D.C. Backer on 
page 547 of this issue. 

The millisecond pulsar was discovered in 
1982 and immediately gained prominence 
as the pulsar with the shortest known 
period; according to theory, its signal must 
be produced by a neutron star rotating a 
thousand times a second. What promises 

make PSR1937+21 such a useful 
‘cosmological probe, however, is that its 
tation rate remains remarkably constant: 
part from a steady and well-understood 
crease due to its energy emission, the rate 
as remained stable to one part іп 10? 
ver two years. The pulsar thus provides 
n extraordinarily accurate clock, of 
‘relevance to cosmology in that many pro- 
cesses in the early Universe are expected to 
produce a background of gravitational 
waves, which should induce a tiny jitter in 
‘the clock’s regularity. 

To demonstrate the stability of the 

illisecond pulsar required considerable ef- 

оп. The radio signal of the pulsar was 
imed initially with a rubidium clock at 
recibo Observatory but a multitude of 
orrections had to be applied before its 
egularity could be inferred. The rubidium 
measurements had first to be checked for 
сапу drifts relative to the master clock in 
"Washington and then corrections had to be 
made for such effects as the relativistic 
delay induced by the gravitational field of 
he Sun, the changing Doppler shift 
issociated with the Earth's motion through 
he Solar System and the dispersion pro- 
üced by interplanetary and interstellar 
asma. Most of these effects can be esti- 
mated with high accuracy and, after they 
меге allowed for and a best fit made for 
'the location, period and spin-down rate of 
he pulsar, the residual noise is only about 
опе ps over the observation period of two 
vyears. This is comparable with the accuracy 
of the best man-made atomic clocks. The 
residual noise may in part derive from the 
fact that the corrections mentioned above 
аге imperfect. If so, improved estimates of 
"these corrections could eventually reduce 


the residual noise to only 0.1 us. For the | 


present discussion, the most interesting 
source of noise would be gravitational 
waves. If the waves have a dimensionless 
amplitude л апа-а period P (assumed to be 
less. than the light-travel time to the pulsar), 
Cthen they will change the arrival time of the 
"pulses by an amount АР, an effect first 











pointed out by S. Detweiler (Astrophys. J. 
234, 1100; 1979). For a continuous 
background of waves, this will induce a 


! residual of no more than йт over a time т, 


because the pulsar is most sensitive to 


| waves with P > т. (The effects of waves 


with P > т would be largely absorbed into 
the fit to P and its derivative.) If the pulsar 
clock has an accuracy of Аг, it can be 
used to look for waves with period т and 
amplitude л = At/1. 

For PSR1937 + 21, the limiting ampli- 
tude is presently down to 10^ ^, which 
means that one may already exclude a den- 
sity of gravitational waves comparable with 
that in the microwave background (Q, = 
10-4 when expressed in units of critical 
density). However, the limiting density 
scales as (Af)*r~* and so the sensitivity of 
the millisecond pulsar as a gravitational 
wave detector is likely to improve 
dramatically with time. For example, if the 
timing residual can be reduced to 0.1 us, 
and if this stability can be maintained over 
10 yr, the pulsar could eventually search 
for a background of waves with density as 
low as 107*Q,. 

The sensitivity of the millisecond pulsar 
is optimized for waves whose period is 
comparable with the observation time (a 
few years). Unfortunately, the most proli- 
fic sources of gravitational waves at the 
present epoch (supernovae and black holes) 
are likely to produce waves with periods 
much shorter than this. The one exception 


| might be a population of binary black 


holes; these would produce radiation 
through quadrupole losses and could, in 
principle, be detectable if they were suf- 
ficiently numerous (J.R. Bond and B.J. 
Carr, Mon. Not. R. astr. Soc. 201, 585; 


gravitational radiation іп the required 
waveband would be processes that occur- 
red in the early Universe. 

This can be understood as follows. Cos- 
mic processes which occured at a time г 
after the Big Bang tend to produce radi- 
ation with a wavelength of the order of the 
horizon size at that time (cf); when one 
allows for redshift effects, this corresponds 
to a present period of about (1,0)! = 
((/1075 5)? yr, where fy = 10!? yr is the 
age of the present-day Universe. Thus, the 
millisecond pulsar can be used to look for 
waves generated at around 10745, pro- 
viding their amplitude is large enough. It 
turns out that the condition on the ampli- 
tude can be satisfied only if the waves are 
generated later than a time A after the Big 
Bang. The timing residual of PSR1937 + 21 
thus directly determines how far back we 
can probe the history of the Universe. 





The period around 1074s is rather 
significant as it corresponds to the time of 
the cosmological phase transition at which 
free quarks transform into nucleons. 
Recently, E. Witten (Phys. Rev.D30, 272; 
1984) has suggested a rather interesting way 
in which this phase transition could have 
generated gravitational waves. If the tran- 
sition is first-order and proceeds by the for- 
mation of bubbles which expand explos- 
ively, one would expect a gravitational 
wave background to be generated when the 
bubbles collide. It is not clear whether the 
amplitude of the waves would be large 
enough to be detected by the millisecond 
pulsar, but it is conceivable. Another con- 
sequence of this scenario is that the frac- 
tion of the Universe outside the bubbles 
would be compressed into invisible quark 
‘nuggets’, which might be candidates for 
the dark matter in galactic halos. 

Various other effects in the early 
Universe could produce a gravitational 
wave background. For example, if the Uni- 
verse undergoes an inflationary phase (a 
period of exponential expansion) at some 
epoch, characterized by a Hubble rate H, 
then one expects quantum effects to 
generate waves with density (H/M,)°Q, 
over a wide period range; here M, is the 
Planck mass. This effect was first pointed 
out by A.A. Starobinsky (JETP Lett. 30, 
682; 1979). Such an inflationary stage may 
occur at around 10725 after the Big 
Bang, according to the Grand Unified 
theories, as a result of the Universe getting 
trapped in a false vacuum state; it may also 
occur because of quantum gravity effects. 
In this situation, the waves detectable by 
the millisecond pulsar would not be 
generated at 107 *s, but they would fall 
within the horizon at 10^ *s. 

Another possibility is that the Universe 


i could undergo spontaneous symmetry 


breaking at some epoch, resulting in the 
formation of cosmic strings. These strings 
can be thought of as topological defects 


| which are trapped in the symmetrical state 
| and, if some of them form closed loops, 
| they should generate gravitational waves 
1984). However, the most likely source of | 


through oscillations. The spectrum of the 


| waves expected is rather complicated (C.J. 
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| Hogan and М.Ј. Rees, Nature 311, 109; 


1984) but in the period range relevant to 
the millisecond pulsar it would be flat 
with a density of the order of (T/M pRa 
where T is the temperature of the symmetry ` 
breaking. It has been proposed that suffi- 
ciently large loops could serve as seeds for 
galaxy formation (A. Vilenkin, PAys. Rev. 
024, 2082; 1982); this suggestion is already 
close to being tested by using the milli- 
second pulsar to look for the associated 
gravity waves. Although there are other 
ways of detecting gravitational waves, such 
as laser interferometry, none is sensitive to 
waves with a period of a year. Therefore, 
given time, PSR1937 + 21 could serve as a 
unique cosmological probe. 





Bernard Carr is at the School of Mathematical 
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__ Experimental petrology 





from E.G. Nisbet 


CONTINENTS, oceans and the very air we 
/; bréathe are the cumulative product of aeons 
+ of activity deep in the Earth's mantle. 
Although there are indirect means of inves- 
tigation available, it would obviously be ad- 
vantageous to be able to squash rocks in 
the laboratory to the high pressures and 
temperatures to which they are subjected 
in their natural environment. Unfortu- 
nately there are technical problems 
|», associated with this high-pressure route to 
е mantle. This has meant that questions 


E < such as the origin of komatiites and the 
-controversial suggestions of an Archaean 


*magma ocean' have remained unanswered. 
But recent improvements, especially in 
Japan!, have enabled experimenters to at- 
tain pressures of up to 30 GPa (as a rule 
of thumb 1 GPa is equivalent to 30 km of 
rock) and simulaneously maintain tempera- 
tures well over 2,000°C. On page 566 of 
~ this issue, E. Takahashi and C.M. Scarfe? 
report results at pressures up to 14 GPa that 
have interesting consequences for models 


ux of the Archaean mantle and thus for thé 


evolution of the Earth. 

One of the most interesting problems is 
how komatiites originated. These lavas, 
commonly of Archaean age, are highly 
magnesian (up to 30 per cent MgO) and 
thus had high temperatures of eruption 
(over 1,650? C). Crude closed-system mass- 
balance calculations would suggest that 
they represent high degrees of partial 
melting of mantle; a more likely alternative 
is that they are the product of early melting 
in an open system at great depth. This sug- 
gests that, since the mantle must have been 
very hot, it was also fairly refractory. 
Until recently, most experimental work has 
been with apparatus capable of reaching 
pressures of 4-5 GPa (40-50 kbar) and 
1,700-1,800°C. Both D.H. Green? and 
М.Ј. Bickle^, for instance, have shown 
that natural komatiite magmas must indeed 
have been very hot. In addition, there have 
been various suggestions that at great depth 
the crystalline phases, such as olivine, are 
lighter than the melt^". If such a density 
crossover existed, it may be that the Ar- 
chaean mantle contained an 'ocean' of 
dense komatiitic magma at a pressure of 
about 8 GPa overlain by a thermal boun- 
dary layer of floating olivine crystals?. 

These exotic models have provoked a 


> flurry of experimental work using various | 
|. techniques. At Lamont-Doherty Geological | 
". Observatory, E.M. Agee and D. Walker 


are carrying out experiments at 5-6 GPa 
- and high temperatures, while at California 


^ Institute of Technology, shock measure- 


` ments give strong circumstantial support to 
the proposed density crossover*. Using the 
5,000 ton press at Okayama University, 
Takahashi and Scarfe? have melted peri- 


| 
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| beneath ancient continental 





p Putting the squeeze on rocks 


dotite under pressures of up to 14 GPa. 
Their results show clearly that, as pre- 
dicted?, early melts close to the peridotite 


solidus at 5-7 GPa and roughly 1,800°C are | 


komatiitic with over 30 per cent MgO by 
weight. Equally nice is the confirmation 


that the slopes of the solidus and | 


liquidus*’:'® are roughly as expected, 
though there is considerable controversy 
about the extent to which they converge. 








200 Zone of refractory mantie 


Magma shell? 
300 


Cartoon illustrating aspects of some fo the more richly speculative ideas about Archaean tectonii 
(see refs 5 — 7, 13, 14). Geotherms for locations A and B. 









? Level of density crossover 


| iously been proposed? to account for 


| tinents, the thermal base of the lithosphere 


















slowly thickened as the continent aged an 
cooled, eventually allowing diamonds to 
form and become frozen into the lithe 
sphere. In contrast, the lithosphere und 
the oceans would have been much thinne 
Regionalized models of this sort. wit 
relatively low sub-continental temperat: 
(1,200°C at 130 km depth) have pre 


variations in the nature of erupted lavas, 
Perhaps under old (3,800-4,000 Myr) con- 


was at about 150 km by the mid-Archaean 
(—3,000 Myr ago), while under zones of 
rifting ànd under oceanic areas the base was 
much shallower. Komatiitic liquids may 
have ascended in various tectonic settings, 


Se ee P! 





At high pressure, solidus and liquidus are 
probably sub-parallel and not greatly dif- 
ferent from adiabat of the liquid’. 

The consequences of all this for our 
models of the Archaean asthenosphere and 
lithosphere are considerable. Magma ocean 
models are strongly supported by cir- 
cumstantial evidence but are as yet quite 
unproven; however the results reported by 


Takahashi and Scarfe place severe con- | 


straints on thermal and structural models 
of the asthenosphere. Not the least of these 


is the interesting contrast between the high | 


temperatures implied by the experiments 
with komatiite and the strong evidence 


| from diamonds for much cooler tempera- 


tures at depths of approximately 150 km 
nuclei. 
Diamonds have been produced in some 
numbers from Witwatersrand gold mines 
(Mclver, personal communication) and are 
generally found in ‘pipes’ cutting through 
ancient continental crust. Inclusions in 
South African diamonds have been dated 
at roughly 3,300 Myr'! (although the in- 
trusive pipes are much younger). This 
would imply a thick contine..tal litho- 
sphere, at least under part of southern 
Africa, as far back as the Archaean. Taken 
together with the stability field for dia- 


| mond, this in turn requires that part of 


the mid-Archaean subcontinental mantle 
must have been at a temperature of 900- 
1,300?C at 4-5.5 GPa". How can this be 
reconciled with the indications from Taka- 
hashi and Scarfe? of 1800°C at 5-7 GPa? 

The most likely answer is that, rather 
than being uniform, the thermal structure 
of the mantle was strongly regionalized", 
with much hotter conditions under oceanic 
areas than under continents. It may be that 
under the early continents the lithosphere 
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“mantle’s history. If it survives, komatiites 



















ranging from rifting basins within con- 
tinents to mid-oceanic ridges. Their genera- 
tion may have ranged from low degrees of 
open-system. partial melting of refractory 
asthenosphere at pressures of about 5 GPa, 
to tapping a putative magma ocean. Aw 
from recently active zones of hot asthen 
sphere, the sub-continental lithosphere 
must have slowly cooled and thickened 

What next? The Japanese experimen 
are on the verge of tackling some of t 
most interesting problems in petrology. Nc 
doubt we shall soon know much more 
about the high-pressure shape of the solidus 
and liquidus curves and the density relä- 
tionships at depth. Perhaps soon we will- 
be rid. of the uncomfortable notion? that 
a magma shell existed in the Archaean 
asthenosphere: if it is disposed of we wi 
be left with a better understanding of the 


may have. much to teach us about the 
chemical differentiation of the planet and 
the history of the lithosphere and 
exosphere. 
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Oncogenic intelligence 


Oncogene activation by fusion 
of chromosomes in leukaemia 


s from Jerry M. Adams 


5 AMONG the many chromosomal abnor- 
malities associated with human neoplasms, 
the most frequent is the unusually small 

Philadelphia chromosome (Ph!), named 

“after the city in which it was discovered! 
The Ph! chromosome is present within all 
leukaemic cells in at least 90 per cent of 

patients with chronic myeloid leukaemia 
(CML), an invariably fatal disease char- 

. acterized by insidious proliferation of the 

"white blood cells?, and results from a 
translocation (exchange of arms) between 
chromosomes 9 and 22. It has long been 
suspected that this event activates a cellular 
oncogene which then stimulates uncon- 
trolled proliferation of the myeloid stem 
cell and its progeny. Increasingly over the 
past three years??, it is the cellular proto- 
oncogene.abl (c-abl), identified by its rela- 
tionship to the oncogene (v-ab/) of the 
Abelson leukaemia virus of mice, that has 
been implicated in CML, but how the ab/ 
gene might be áltered by the translocation 
has remáined obscure. Now, reports by 
Shtivelman ег al. on page 550 of this 
issue!’ and by Heisterkamp ег al. soon to 
be published in Nature !', establish that 
the translocation fuses c-ab/ to another 
gene in such a way that a novel hybrid poly- 
peptide can be made. 

As illustrated on the left side of the 
gure, the Ph! chromosome is generated 
y a reciprocal exchange between chromo- 
some 9, which bears the c-ab/ gene, and 
chromosome 22. The exchange always oc- 
curs at the same bands (434 on chromo- 
some 9 and q11 on chrofnosome 22) and 
yields an extended chromosome 9, 9q*, 
and Ph', the shortened chromosome 22. 
The c-ab/ gene was first associated with 
CML when the 9;22 translocation was 
shown to shift abl to the Ph! chromo- 

More importantly, the fusion 

region between chromosomes 9 and 22 was 

later cloned from one CML cell line and 
shown to шуо! the linkage of a region of 
romosome 22 io sequences near the 5’ 

end of abl. The region on chromosome 22 

was subsequently denoted ber (for break- 

point cluster region) because all chromo- 
some 22 breakpoints associated with the 

22 translocation fell within a 5.8- 
kilobase-pair (kb) segment’. Although 
breakpoints near the c-a@b/ gene were 
rarely detected (for- reasons that will be- 
come clear below), nevertheless a novel ab/ 
messenger RNA of about 8 kb was 
formed in CML cells as well as, or instead 

_ of, the normal 6-kb and 7-kb ab/ messen- 

gers. It seemed likely that the new mRNA 

-was derived from the Ph! chromosome*^ 

and an ab! polypeptide with an altered 
amino(N)-terminal segment, presumably 











1 begins at precisely the same nucleotide!?, « 
| Cells from all CML patients so far ex- 
| amined contain ап abl polypeptide of 
| relative molecular mass of approximately 
| 210,000 (210K), whereas normal cells con- 
| tain only a 145K ab/ polypeptide??; the N- 
| terminal segment of the normal abi poly- 
| peptide; probably comprising at least 25 
i amino-acid residues, has been replaced by 
translated from the new ab/ messenger, was | some 600-700 residues from the N-terminus 
also identified??. | of the ber product. Since all the ber break- 
These results raised the intriguing | points seem to fall after the second or third 
possibility that the translocation fuses c-ab/ | of several very small bcr exons, the pre- 
to a bcr gene, as now clearly established by | dicted bcr-ab/ polypeptides may differ only 
Shtivelman et al.” and Heisterkamp et | by the presence or absénce of the third 
а\. The emerging picture of the 9;22 | small bcr exon, which encodes 24 amino- 
translocation is outlined in the figure. The | acid residues!!. It is intriguing to note that 
newly identified bcr gene!! is oriented on | the v-ab! polypeptide encoded by the 
chromosome 22 in the same direction as c- | Abelson virus is also an N-terminal substi- 
abl on chromosome 9. The breakpoints on | tution of c-ab/; 236 amino acids of the viral 
chromosome 22 fall within a 5.8-kb region | gag polypeptide replace about 113 residues 
near the middle of the ber gene, spanning | of the normal cellular abl product. Hence 
two small éxons (coding segments)!!. On | N-terminal substitution may be critical to 
the other hand, the chromosome 9 break- | convert c-ab/ to a true oncogene. 
points may be scattered over a much wider | How the bcr-abl gene may promote 
region, as yet poorly defined but often more | myeloid cell proliferation is unclear, but 
than 50 kb 5’ to the c-ab/ gene*!!. one interesting functional difference be- 
With such а gap between the bcr and abi | tween it and c-ab/ has already emerged. In 
sequences, how can a fused bcr-ab! | common with the v-ab/ gene product, the 
messenger RNA, and hence polypeptide, be | 210K polypeptide from CML cells has 
made? It is assumed that a giant primary | tyrosine kinase activity; that is, it catalyses 
transcript is made from the entire bcr-ab/ | the transfer of a phosphate from ATP to 
locus and Shtivelman et al. plausibly sug- | tyrosine residues in certain proteins*?, At 
gest that, by means of the subsequent RNA | least as assessed by autophosphorylation, 
splicing, the last bcr exon before the fusion | the product of normal c-ab/ lacks kinase 
point always becomes joined to the second | activity, although it will probably be 
abl exon (marked with an asterisk in the | found when the appropriate substrates are 
figure) in the messenger RNA. In this | identified, since c-ab/ bears a tyrosine 
scheme, the first ab? exon (hatched) will be | kinase domain. Thus, it seems likely that 
lost during RNA splicing because it lacks | the substrate specificity of c-ab/ is altered 
the 'splice acceptor' signal required for | bythe replacement of its N-terminus by bcr 
splicing to the bcr exon. Consequently, in | sequences. Perhaps that modification also 
each CML patient there will be a novel | explains why the bcr-ab/ gene is most 
mRNA of about 8.7 kb that includes | efféctive in transforming myeloid cells 
precisely the same abl mRNA segment, ' whereas v-ab/ preferentially transforms 
despite the large variation in chromosome ' early B lymphoid cells!?. 
9 breakpoints. In support of this model, Receptors for several growth factors, in- 
cells from two CML patients with different | cluding insulin and epidermal growth fac- 
chromosome 9 breakpoints generate ber- | tor, are tyrosine kinases, so it is possible 
abl mRNAs in which the ab/ segment | that the normal c-ab product is a com- 
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Generation of the Ph! chromosome by recombination between the abl locus at band 934 of the 
chromosome 9 and the ber locus at q11 of chromosome 22. The reciprocal 9;22 translocation is 
depicted on the left and the corresponding gene structures on the right, with boxes and lines denoting 
the approximate position of large and small exons, respectively. In the ab/ locus, the position and 
size of the 5' exons is not yet well fixed, nor have the breakpoints been located in most instances, 
although most seem to be a considerable distance 5' to the ab/ gene. For bcr, not all exons have 
yet been defined but all breakpoints fall within the bracketed region. In the bcr-abl locus, a nuclear 
precursor RNA (thin lines) is presumed to be spliced in such a way that sequences of the most 5' 
abl exon (hatched) are excised during generation of the illustrated 8.7 kb hybrid bcer-ab/ mRNA, 
which almost certainly encodes the 210K polypeptide that contains the ab/ tyrosine kinase domain 
at the indicated region. The molecular counterpart of the 99 + chromosome is not shown. 

























Ph! chromosome, the expression of the 
fused ber-ab/ gene is presumably regulated 
by the control elements of the ber gene. 
‘Since this chromosomal abnormality 


e features prominently only in CML, which 


is a neoplastic proliferation of haemato- 


poietic stem cells, it is tempting to speculate | 


that the normal bcr gene is expressed 


primarily in that cell lineage. If the bcr pro- | 


duct proves to be a cell-surface protein, one 
intriguing possibility would be that bcr-abl 
represents a hybrid receptor. 

While the function of bcr-abl is a mat- 
ter of speculation, there now seems little 
reason to doubt that its formation by the 


ER 9:22 translocation is a critical step in the 


:development of CML. Thus the work on 
the РВ! chromosome, when considered 
| together with the large body of work on 
7 тус oncogene translocations in lymphoid 
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i ponent of a growth factor receptor. Оп the , 








NEWS AND VIEWS - 
tumours, makes a strong case that many ; 
of the karyotypic alterations found in neo- | 
plastic cells represent the activation of | 
specific cellular oncogenes. D: 
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Orchestration at the synapse 


Jrom Clarke R. Slater 


CHEMICAL transmission between neurones 

^or from neurone to muscle takes place at 
junctions. termed synapses. Structural 
specializations at these junctions ensure 
that receptor proteins in the post-synaptic 
membrane are aligned opposite the sites in 
the presynaptic membrane where transmit- 
ter is released. How this alignment comes 
about and is maintained is important for 
understanding the hardware of the nervous 
system and its development. Recent work 
from U.J. McMahan and his colleagues on 
the neuromuscular junction has shown that 
the basal lamina is important for determin- 
ing the distribution of synaptic components 
on both sides of the synapse'?. In two 
papers starting on page 571 of this issue, 
McMahan et al. now show that the synap- 
tic basal lamina contains a component 
chemically very similar to one that causes 
clustering of molecules that are essential for 
the functions of the neuromuscular 
junction?^. 

The basal lamina is an extracellular layer 
of material composed largely of a form of 
the durable connective tissue protein, col- 
lagen. A basal lamina sheath surrounds 
each skeletal muscle fibre and each motor 
nerve fibre, At the neuromuscular junction, 
nerve and muscle share a common layer of 
basal lamina, which has been known for 
some time to differ chemically from other 
basal laminae in that it contains a high con- 
centration of acetylcholinesterase (AChE), 
the enzyme that breaks down acetylcholine 
(ACh), the transmitter chemical at the 
neuromuscular junction. 

The idea that the basal lamina might in- 
fluence the distribution of other synaptic 
components emerged from a series of 
experiments in which the cells of the 

neuromuscular junction were destroyed 
and then either the nerve or the muscle cell 
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was allowed to grow back within the frame- | 
work provided by the persisting basal | 
| 
| 
| 
! 
i 
| 
| 
| 


| lamina sheaths (see figure). When the 


regenerating nerve made contact with the 
original synaptic basal lamina, detectable 
by its persisting AChE activity, it stopped 
growing and formed the structural features 
characterizing transmitter release sites!. 
When the muscle cell made contact with the | 
synaptic basal lamina, a high density of 
receptors for ACh formed in its surface | 
membrane at the site of contact”. As no | 
cellular components of the original neuro- 
muscular junction persisted to induce the | 
local specialization of the regenerating cells, | 
it seems that this information could only ' 
have come from the surviving basal lamina. | 
Since those experiments were reported, | 
several groups have been trying to identify | 
molecules that might mediate the effect of | 
synaptic basal lamina on the distribution | 
of ACh receptors. One approach has led | 






to the isolation of a variety of tissue ex- 
tracts that cause the aggregation of ACh 
receptors on cultured muscle cells. In other 
studies, antibodies that specifically label 
synaptic basal lamina have been raised and: 
used to isolate and characterize the anti 

gens. McMahan et dl. have effectively com- 
bined these two approaches. Starting with 
a preparation of basal lamina from the elec- 


; tric organ — essentially a stack of giant 


neuromuscular junctions — of the fish Tor- 
pedo, they obtained a soluble extract that 
increased the clustering of ACh receptors 


С on cultured chick muscle cells when present 


at a concentration of not more than 10710 


© M. An antiserum against this extract bound 
- specifically to the synaptic basal lamina of. 


frog neuromuscular junction and blocked 
the ability of the extract to induce clusters 
of ACH receptors?. 5 
In the first of their present paper 
McMahan et al. describe monoclonal an 
bodies, raised against the same extract, that 
have effects similar to those of their 
original antiserum?. In the second paper", 
they report that the extract causes the fo 
mation of clusters of AChE activity, as wel 
as clusters of ACh receptors. It is very likely 
that both clusters occur at the same sites. 
Because of the specificity and homogeneity | 
of monoclonal antibodies, it can be con- 
cluded that a component of the basal 
lamina at the neuromuscular junction is 
closely related to, if not identical with, 
molecules that can induce the clustering of 
the two most essential molecular com- 
ponents of the synaptic surface of skeleta! 
muscle cells. By studying the effect of the 


i antibodies on the developing neuro- 


muscular junction, it should be possible to 
define the role that the basal lamina plays 


| in synapse formation. 


The antibodies will also be useful in ex. 


| ploring whether the cluster-inducing 


molecules are present in the central nervous . 


| system and how they are produced during 


synapse formation. Recently, Kelly and his 


colleagues described a glycoprotein compo- 


nent of the basal lamina of the electric 


| organ$. This molecule is also present in the’ 


spinal cord of Torpedo, where it is located 


* specifically in the electromotor neurones 





Summary of experiments indicating that the 
basal lamina regulates the distribution of synap- 
tic components (adapted from ref.2). 


| and is transported in their axons to the 
|. periphery. This raises the possibility that, 


during development, growing motor nerv 
add components to the basal lamina of t! 


| muscle fibre that cause aggregation of t 


molecules constituting an effective synaps 
Experimental tests of such hypothes 
should soon be possible. 
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Cosesaurus — the last proavian? 


from Andrew R. Milner 


SYSTEMATIC palaeontology sometimes 
seems to resemble a scene from Dante’s 
Purgatory. As fast as some palaeontolo- 
gists tidy fossils into manageable groups, 

¿others describe new specimens which can- 
not possibly fit into any orthodox frame- 


work. Some supposedly bizarre or highly | 


significant fossils do maintain their status 
on investigation but it has been, and still 
18, the fate of many an oddity to prove on 
revision to be more mundane than its orig- 
vinal author(s) believed. One such fossil, 
Cosesaurus aviceps, now seems to have 
joined the ranks of the demoted. 
Cosesaurus was first described a decade 
_ago as a proavian from the Middle Triassic 
_of Spain!. It is a small fossil reptile, 14 cm 
Лопе, represented only by a single negative 
"impression of a skeleton having а large- 
eyed skull with a relatively large brain case 
гапа beak-like jaws, a lizard-like body with 
a long tail and hindlimbs slightly longer 
han the forelimbs. It was originally des- 
sribed as possessing a furcula (the *wish- 
bone’, or fused clavicles), a bird-like pelvis 
nd traces of feather impressions; this evi- 
dence, coupled with the bird-like skull, led 
one of its discoverers to propose it as a 
_ Closer relative of true birds than Archae- 
opteryx^. Cosesaurus was even used to 
upport the hypothesis of a Palaeozoic 
origin for the birds, quite distinct from 
inosaurs or even archosaurs?. It seemed 
n many respects to be the much-sought ar- 
boreal ‘proavis’ rendered tangible at last. 
But Cosesaurus never gained many 
dherents as a protobird and, in recent 
ears, the relationship of Archaeopteryx 
ind the birds to the dinosaurs has been 





horoughly supported by cladistic analy- | 


ses‘. This has left Cosesaurus in an in- 
creasingly anomalous position. 
A recent reassessment by Sanz and 
López-Martínez seems to have found a 
more modest position for Cosesaurus in the 
phylogenetic framework of the sauropsid 
reptiles, They dismiss the supposed fur- 
ula and feathers as overinterpretation of 
poor specimen, and argue that the re- 
maining suite of derived characters support 
i position within the Prolacertiformes, a 
-group of Permo-Triassic diapsid reptiles, 
nce thought to be early lepidosaurs, but 
. more recently argued to be primitive rela- 
ives of the archosaurs^*. Sanz and López- 
Martinez also note Cosesaurus's specific 
resemblance to the much larger Macrocne- 
“mus, a prolacertiform from the contem- 
porary and ecologically equivalent Monte 
San Giorgio in Switzerland site (see figure). 
They suggest that other characteristics, in- 
cluding the superficially bird-like head, are 
| juvenile: if Cosesaurus is related to Macro- 
Chemus, it must be either a hatchling 
sor a dwarf species, the former being more 


Aie 





likely in the absence of other evidence. 
This identification agrees well with 
the presence of the nothosaur genera 
Lariosaurus and Nothosaurus in the same 
beds at both localities and implies that the 
Spanish site has simply produced a small 
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pelvis. Only a preliminary description has 
yet been published and only a tentative 
position within the thecodont-grade archo- 
saurs has been proposed. 

Some recent analyses of archosaur rela- 
tionships place the pterosaurs and 
dinosaurs close together within the 
archosaurs'® and, judging by such 
characteristics as are visible, Megalan- 
cosaurus seems to belong close to, or 
within, the pterosaur-dinosaur clade. Its 
small size, peculiar claws and slender 
forelimbs suggested to its describers that it 
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Reconstruction of Macrocnemus bassanii from two specimens from the Monte San Giorgio site, 
Switzerland, studied by B. Pryer. The limb bones are shown in their longest view, without an 
anatomical perspective. Scale in cm. Drawing by N. López-Martínez (from ref. 6). 


sample of the Monte San Giorgio- 
Muschelkalk vertebrate association — a 
typical Middle Triassic Tethys coastal 
fauna. The general resemblance between 
the skull of Cosesaurus, a juvenile archo- 


sauromorph, and that of a bird is an in- | 


teresting reminder of how progenetic 
dwarfing may have reshaped the typical 
archosaur skull to result in the avian skull. 

Another strange reptile recently and 
more cautiously described from the Upper 
Triassic of Italy? is less likely to suffer 
such a reduction in status. Megalanco- 
saurus preonensis is also tiny and has a 
superficially bird-like head, long cervical 
vertebrae, a very long forelimb with five 
short digits, each bearing a deep blade-like 
claw, slender ribs and an archosaur-type 





was arboreal and, indeed, its forelimb is 
distinctly reminiscent of that of the Colugo 
or flying lemur, the patagial gliding mam- 
mal of south-east Asian forests. Could it 
be that this fossil represents a conservative 
patagial gliding relative of the pterosaurs? 


. Ellenberger, P. & De Villalta, J. Acta geol. Hisp. 9, 162 (1974). 

2. Ellenberger, P. Cuader. geol. Iber. 4, 169 (1977). 

3. Ellenberger, P. Mem. Trav. E.P. H.E. Inst. Montpellier 4, 
91 (1978). 

‚ Padian, К. Proc. 3rd N.Am.Paieont.Conv.2, 387 (1982). 

‚ Thulborn, К.А. J. Linn. Soc. Zool. 82, 119 (1984). 

Sanz, J.L. & López-Martinez, №. Geobios 17,747 (1984). 

Gow, C.E, Palaeont. Afr. 18, 89 (1975). 

. Benton, M.J. Symp.Zool.Soc. Lond. $2, $75 (1984). 

. Calzavara, M., Muscio, G. & Wild, К. Gortania 2, 4941981). 

. Padian, К. 3rd Symp. Mesozoic Terrest, Ecosyst., 163, (1984). 


© юю чт ь 





Andrew А. Milner is at the Department of 
Zoology, Birkbeck College, University of 
London, Malet St, London WCIE 7HX, UK. 





Geochemistry 


Uses for synthetic fluid 
inclusions in quartz crystals 


| from Edwin Roedder 


FLUID inclusions are small droplets of the 
fluids from which crystals grew and are 
found in many minerals, both natural and 
synthetic. In natural gem minerals, fluid 
inclusions diminish their clarity, and hence 
their value; in synthetic crystals they detract 
from the useful mechanical, electrical or 
optical properties for which the crystals are 
grown. Why then should anyone want pur- 
posely to form microscopic inclusions of 
fluid in otherwise optically clear quartz 
crystals? Yet S.M. Sterner and R.J. 
Bodnar! have recently developed a pro- 
cedure to do just that, and have shown that 
the resulting inclusions are valuable in a 
surprisingly wide range of geochemical and 
mineralogical studies that may help us to 
understand better the natural processes that 
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Sterner and Bodnar start with solid 
cylinders of clear quartz, cut from a fluid- 


‘inclusion-free natural crystal. These are 


heated and then cracked by quenching in 
water. The cracked but still intact cylinders 
are dried and sealed into thin-walled noble- 
metal capsules with the starting materials 
appropriate to generate the desired fluid 
composition under the experimental con- 
ditions. The collapsible capsules are then 
subjected to external pressures of 0.5-7 
kbar, while being heated to 200-850?C, for 
periods of between 3 hours and 87 days, 
before being quenched. 

During the time at elevated temperature 
and pressure, the fractures in the quartz 
crystal are healed by dissolution and 
recrystallization of the crack surfaces, 


may have taken place millions of years ago. ! thereby decreasing the total surface energy _- 













"the ‘secondary’ inclusions found in most | 
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^see Fig.1). In so doing, small portions of , 
-the capsule fluid are trapped within the new 
5; growth — samples of the fluid, sealed in 
single crystal quartz ‘bottles’. Thus, these 
new synthetic inclusions are analogous to 


natural quartz crystals (Fig.2). (Secondary 
inclusions are those that are formed by the 
*: healing of fractures in a pre-existing crystal; 
+ the fractures are generally caused by exter- 
nal stress.) Possible applications include the 
study of inclusion-trapping mechanisms | 
and rates, post-trapping changes and even 
the determination of phase equilibria and 
' pressure, volume and temperature data on 
. otherwise experimentally very difficult 
«high-temperature, high-pressure hydro- 
- thermal systems. 

"The full range of uses for these synthetic 
fluid inclusions has yet to be explored but 
applications already discussed by Sterner 
and Bodnar! have some fascinating 
ramifications. Fluid inclusions, both 
natural and synthetic, undergo various 
phase changes on cooling after becoming 
enclosed in their crystal host. Henry Clif- 
ton Sorby (the ‘father of fluid inclusions’) 
showed in a study 127 years ago? that | 
these phase changes could be observed and 

~ reversed in the laboratory while heating the 
‘host crystal under the microscope. The 
most common phase change observed oc- 
curs because liquids shrink at a much 
higher rate than crystals. Thus, if a hot 


liquid is sealed into a relatively rigid, fixed- | 


volume crystal ‘bottle’ and then cooled, 
differential shrinkage of the liquid relative 
to the crystal will cause the formation of 
a vapour bubble in the liquid. Sorby 
Observed the point when this bubble disap- 


peared in a crystal on a microscope heating | 


stage and used it as a measure of the 
temperature at which the cavity had 
originally been sealed, perhaps millions or 


a к | 

















Fig. 1. Stages in the healing or ‘necking down’ 
of a crack in a quartz crystal resulting in secon- 
ы dary negative crystal inclusions (from ref.3). 









billions of years earlier. Each tiny inclusion | 


(and ordinary white quartz may contain 
10? inclusions per cm?) is, in effect, a built- 
in thermometer, recording the temperature 
of a past event. 

Sorby's proposal to use fluid inclusions 
in this manner — only one of his many bril- 
liant ideas — was, and still is, the subject 


of considerable discussion. In part this | 


debate arose because the geothermometric 


data from fluid inclusions contradicted | 


some of the preconceived notions of the 


day, and in part becaue of the difficulty in | 
assuring that the geological conditions | 


under which an inclusion formed actually 
fulfilled the several relatively simple but 
necessary assumptions behind the method. 
Previous studies of fluid inclusions acciden- 


tally trapped in synthetic industrial quartz | 


crystals, grown under approximately 
known conditions, have verified the general 
validity of the concept of inclusion geo- 
thermometry. Several minor problems 
have, however, interfered with the wide- 
spread use of the method, not the least of 
these being, surprisingly, that of accurately 
calibrating the microscope heating stages. 


The most common application of synthetic | 


inclusions made with the new method may 
be as a device for calibrating instruments. 

In the years since Sorby’s work, fluid 
inclusions have provided much geological 
information in addition to temperature. 
Measurements of phase changes visible 
under the microscope at temperatures rang- 
ing from roughly — 190°C upwards, and 
with appropriate conditions and caveats, 
can provide data on the density, pressure 
and the major solute and solvent composi- 
tions of the fluids at the time of trapping. 
Most of these data simply cannot be ob- 
tained from any other source. In the search 
for metallic ore deposits, it would obviously 
be desirable to understand the chemical 
processes that resulted in transport of the 
ore metal to the site of the ore body, and 
its precipitation there. This requires an 
understanding of the chemistry of the ore- 
forming fluid; with a few rare exceptions, 
the only samples we have of these fluids are 
in microscopic fluid inclusions. 

The past few decades have seen a tremen- 


| dous increase in studies of the composition 


of such inclusions. Many of these have in- 
volved the use of new methods of ultra- 
microchemical analysis, such as laser- 
activated micro-Raman spectroscopy and 
laser-ionized mass spectrometry. Such 
methods have attempted to overcome the 
difficult problems of extraction and 
chemical (or isotope) analysis of major and 
trace constituents of these inclusions, 
without serious loss or contamination. In 
addition to the exceedingly small total 
sample size (frequently less than 10~%g) 
usually available, the problem of finding 
suitable analytical standards has been 
particularly limiting. The new synthetic in- 
clusion technique developed by Sterner and 
Bodnar permits the preparation of op- 
timum standards for both microscopy and 
chemical analysis — inclusions of the same 
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Fig. 2. Synthetic fluid inclusions in quartz. Those 
with small bubbles (of СН) initially trapped. 
liquid and are now dominated by a carbonate; 
those with large bubbles trapped vapour and are 
largely CO,: x 156 (photomicrograph courtesy 
of S.M. Sterner and R.J. Bodnar). 








size range, enclosed in the same host. 
mineral and containing fluids of known: 
density and composition. 
Still another application, with a par-. 
ticularly exciting potential, is the use of 
these synthetic inclusions in studies of the. 
physical chemistry of otherwise difficult. 
chemical systems. N.P. Ermakov‘ pointed- 
out 35 years ago that fluid inclusions in 
transparent minerals are unique miniature: 
‘visual autoclaves’, permitting visual obser- 
vations of high-temperature and high 
pressure phase assemblages and critical 
phenomena. Bodnar and Sterner’, have 
explored the use of synthetic inclusions in 
pressure-volume-temperature studies of 
hydrothermal systems and Bodnar ег al. 
have gone on to show how valuable these- 
synthetic inclusions can be in the deter- 
mination of the phase-equilibrium proper- : 
ties of the system H;O-NaC1 to 1,000°C 
and 1,500 bar. Such data are necessary for 
an understanding of several important 
groups of ore deposits that have formed 
from hot, extremely saline fluids and are 
also useful in understanding the mechanism 
and energetics of volcanic eruptions such. 
as that at Mount St Helens in May 1980. 
Conventional experimentation is very dif- 
ficult because these fluids are exceedingly 
corrosive. The use of even a few trial runs: 
with synthetic inclusions to locate the 
critical fluid parameters could reduce the 
effort involved in larger-scale experiments, 
cr the inclusion technique itself could even: 
te used for the entire phase-equilibriu 
study. B 
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Oncogenes homologous to 
Steroid receptors? 


SIR — Why do tumours that initially res- 
pond to hormone therapy lose their hor- 
. mone responsiveness after a time and then 
grow autonomously? This problem is of 
great clinical importance, for instance in 
breast cancer where tumours that diminish 
in size after endocrine treatment almost in- 
variably recur and then tend to progressive- 
` ly become nonresponsive. The discovery 


that many breast cancers consist of | 


subclones of oestrogen receptor (ER)- 
positive and ER-negative cells? suggests 
that tumour progression is the survival of 
the ‘fittest? and most malignant ER- 
negative subtype. But where do the 
hormone-independent cells come from in 
the first place? Are they always present or 
are they derived from hormone-dependent 
cells? And how do these manage to survive 
and proliferate if they do not have the 
oestrogen receptor to give the proliferation 
signal? 
A general opinion is that the cells become 
hormone-independent because they have 
lost the receptor. But such cells should be 
unable to respond to their growth stimulus 
and so be eliminated from the tumour 
population. A more plausible alternative is 
hat they have undergone a change that 
leads to their getting a growth signal even 
n the absence of ER. Steroid receptors 
nteract with nuclear DNA at enhancer 
regions that regulate the transcriptional ac- 
tivity of structural genes*$. Perhaps a 
mutation in the enhancer leads to its activa- 
= tion of genes without the need for recep- 
tor to bind to it. However, it is unlikely that 
the loss of ER and a mutation in the 
enhancer region would occur simultaneous- 
ly. We suggest another explanation, namely 
the appearance of aberrant receptor-like 
molecules that bind to DNA and give a pro- 
liferation signal even in the absence of 
oestrogen. Unlike traditional ligand- 
binding studies, the recently developed 
monoclonal antibodies to steroid receptors 
have made it possible to seek aberrant 
.receptors which fail to bind steroids in 
^hoermone-independent cells. Thus im- 
munoreactive glucocorticoid receptors have 
been detected in receptor deficient (r^), 
nuclear-transfer deficient (nt^) and 
nuclear-transfer increased (nt!) mouse lym- 
phoma variant cells’, and this has been 
confirmed by the finding that mRNA 
‘encoded by the receptor gene in these 
variants is changed quantitatively and 
qualitatively. In r^ cells, one allele is 
< altered so that no product is detectable with 
either steroid or antibody, while the other 
allele produces an immunoreactive 
polypeptide devoid of hormone-binding 
activity’. In nt^ and nt lymphoma cell 
variants, the glucocorticoid receptors react 
abnormally with DNA®!®, 
What are the structural changes 
associated with this abnormal functioning 
of receptors? In ті! cells part of the recep- 


| 








tor domain is missing which binds neither 
steroid nor DNA, but which may modulate 
nuclear association and DNA binding^'!. 
The complexes of this aberrant receptor 
plus glucocorticoid might still bind to the 
biologically relevant sites on DNA, but 
without this leading to transcriptional 
regulation’. Thus, the available evidence 
suggests that the loss of steroid respon- 
siveness of some tumour cells may be due 
to alterations in the steroid receptor gene(s) 
leading to altered receptor molecules which 
may act in a ‘deregulated’ manner and in- 
duce cellular proliferation even in the 
absence of hormone. The mutated (possibly 
truncated) receptors may or may not retain 


| the hormone binding properties. A 
| biological precedent for this possibility has 
| been described: the v-erb-B oncogene pro- 


duct is homologous to the non-hormone- 


| binding domain of the epidermal growth 


factor (EGF) receptor and cells expressing 
the gene do not require EGF for continued 
growth". This raises the question: are 
there oncogenes that are homologous to 
parts of the steroid receptor genes and con- 
fer loss of hormone dependence upon cells 
that contain them? If so, is this because the 
aberrant receptors produced by these on- 
cogenes have the ability to bind to DNA 
without the aid of steroid hormones, and 
so give a continuous growth signal to the 
cell? In this area of research progress is 
rapid, so we should soon know the answer 
to these important questions. 
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The infectious nature 
of prions 


SIR — In a recent discussion of prions, 


; Colin Masters emphasized that a protein- 


only composition of prions requires 
protein-directed protein synthesis for its 
replication, ‘‘a situation which could be 
without precedent in biological science''!. 
While protein-directed protein synthesis 
may be without precedent, protein-directed 
protein-folding has a precedent and could 
explain the infectious nature of prions. 
Geneticists are well aware of this as 





a mechanism of gene effect in a number of 
dominantly inherited diseases. For in- 
stance, it is possible for an abnormal col- 
lagen to cause a severe phenotypic 
abnormality?, while a non-expressing mu- 
tant for collagen is recessive?. 

This is most easily interpreted if the mu- 
tant collagen gene directs the synthesis of 
abnormal collagen chains which affect 
structure in a negative way through mixed 
trimers with the normal collagen chain 
which are conformationally abnormal. One 
can also see the effects of the conforma- 
tion of one protein chain on another in 
haemoglobins (for instance, the increased 
affinity of a normal alpha-chain for oxygen 
secondary to a mutant beta-chain such as 
occurs with haemoglobin Ypsilanti*). 

These protein interaction examples in- 
volve inherited genes, but the interaction 
is not transmitted, that is the original in- 
formation is in the genome but the negative 
effects of an altered protein conformation 
are limited to the zygote. However, it is 
possible for such altered conformational in- 
formation to be transmitted from genera- 
tion to generation. The best example 1 
know of this is that of reversed cortical pat- 
tern in Paramecium, Beisson and Son- 
neborn showed some years ago that a 
reversed patch of cortex could be transmit- 
ted to descendant Paramecium through its 
usual binary fission’. Thus, the cortex 
grows by the addition of macromolecules 
to a pre-existing cortex, receiving positional 
information from the pre-existing cortex. 
When the positional information is altered 
in some way, in this case by microsurgery, 
the abnormal information can be 
transmitted. 

It is conceivable that the prion could be 
a normal protein in an abnormal configura- 


| tion which, upon transmission to a new 
| host, leads the normally synthesized pro- 


tein to start folding in the new abnormal 
configuration, thus multiplying the number 
of prions in the abnormal conformation. 
In order to account for the increase in the 
number of prions, one must assume that 


| the prion is not permanently affixed to the 
| aggregate of ‘new’ and ‘old’ prions and 


that the new configuration of. this 
normally-present protein is highly stable. 
Of course, such a hypothesis does not help 
us understand how prions cross cell mem- 
branes and the other aspects of infectivity 
which must be taken into account to ex- 
plain their transmission between 
individuals. 
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High-precision timing observations of the 
millisecond pulsar PSR1937 + 21 
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Long-term studies of pulse arrival times for the pulsar PSR1937+ 21 yield estimates of the pulsar's period, spin-down rate 
and celestial coordinates with unprecedented accuracies. Over periods exceeding six months, this pulsar is at least comparable 
in stability to the best,man-made atomic clocks. Our results place a limit on the energy density of low-frequency gravitational 


waves in, the Universe. 











SHORTLY after the discovery! of PSR1937+21, we began a 
series of high-precision measurements of the arrival times of its 
pulses, observations being made at intervals ranging from daily 
to once every several weeks since November 1982. Data collected 
in the first two weeks were sufficient to determine the period 
derivative of the pulsar?. Here, we present an analysis of a much 
longer span of data obtained between 28 November 1982 and 
12 October 1984. The results confirm our earlier measurements 
of tlie pulsar position, period and spin-down rate, improving 
their accuracies by several orders of magnitude. 

The microwave beam that produces the pulses from 
PSR1937 21 has a constant angular width of ~15° and is rigidly 
attached to a a spinning neutron star with rotational kinetic energy 
of almost 10°? erg. The measured raté of energy loss, presumably 
resulting from low-frequency electromagnetic radiation and par- 
ticle acceleration in the pulsar magnetosphere, coiresponds to 
a rotational quality factor, Q>3 x 10/?. After a constant slow- 
down rate has been removed from the timing data, we find that 
the measured fractional stability of the pulsar is better than one 
part in 10? over timescales of 26 months. This remarkable 
long-term stability is equal to or exceeds that of the best existing 
atomic clocks. 

There are many potentially interesting applications of a series 
of regular comparisons between a distant, natural standard of 
dynamical time and Earth-bound atomic clocks. For example, 
we already can place cosmologically interesting limits on a 
stochastic background of gravitational radiation in the Universe, 
by extending to higher precision the methods used recently with 
slower pulsars**. In addition,'we can use the data to achieve 
sub-milliarc second astrometric accuracies relative to a coordin- 
ate system based on the motion of planets in the Solar System 
Consequences of the astrometric results of this experiment will 
be published elsewhere?. Over the next few years there is good 
reason to expect that timing data on PSR1937+ 21 will help to 
elucidate knowledge of the Earth's motion 1n the Solar System, 
provide substantially tighter limits on the energy density óf 
low-frequency gravitational radiation in the Universe and poss- 
ibly even provide a useful new long-term standard of dynamical 
time. 


Arrival time observations 


Our observations have been made at 1,408 MHz, using the 
Arecibo 305-m telescope and the Princeton pulsar-timing equip- 
ment® developed for observations of the binary pulsat 
PSR1913+ 16. Incoming signals with both senses of circular 
polarization are amplified, converted to 30 MHz and introduced 
to a 2x32 x0.25 MHz filter-bank receiver. The detected outputs 
from the two orthogonally polarized channels at the same 
frequency are added, and the 32 total-power sums are sampled 
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at ~25-ys intervals and progressively summed in a digital delay 


_line serving as a de-disperser’. Output from the de-disperser is 


converted back to analogue form and fed to a signal averager 
which samples the signal every 1/64 of a period and produces 
an integrated pulse profile for each 2 min of observation. The 
sampling is accurately synchronized to the pulsar period and 
corrected for Doppler shifts induced by the Earth’s motion. 
Near the middle of each 2-min integration the time correspond- 
ing to the sample stored in the first ‘bin’ of the accumulating 
waveform is automatically recorded; at the end of each integra- 
tion, the timing information 1s saved on magnetic tape together 
with the observed pulsar waveform 

Approximately 60 integrations can be recorded during the 
time the pulsar remains: in view on a given day. After the 
observations are complete, the phase of each 2-min integrated 
profile is determined by cross-correlation with a ‘standard pro- 
file’ formed by averaging:a large number of profiles. To reduce 
the volume of data, we then average the observed phases in 
groups of 15 consecutive integrations. The mean phase 1s conver- 
ted to seconds and added to the time recorded for the first bin 
at the midpoint of the eighth integration, thereby yielding an 
effective pulse arrival time for each 30 min of data. 

Our basic observational data now consist of 196 30-min 
observations of pulse arrival time at the Arecibo telescope, 
measured in a locally kept approximation to coordinated uni- 
versal time (UT). During these observations, time at Arecibo 
Observatory was maintained by a clock that counts the cycles 
of à 5-MHz signal from a Hewlett-Packard model 5641 rubidium 
clock. The offset between this clock and UT (kept by the United 
States Naval Observatory, USNO) is measured once a day by 
the use of Loran-C timing signals broadcast from Jupiter, 
Florida. (The free-running rubidiuni clock typically accumulates 
phase drifts of a few tenths of a microsecond per day.) We apply 
retroactive corrections to epochs of the Loran-C signals, as 
published by USNO, to remove drifts of the master clock in 
Florida relative to the more accurate master clock kept by USNO 
in Washington. In addition, epoch comparisons with other time 
standards are made occasionally by means of very long baseline 
interferometry observations® and by occasional checks with 
travelling clocks from USNO. We believe that our, corrected 
timescale at Arecibo Observatory has been consistent with UT 
(USNO) to within 1 ps at most times. 

Data analysis 

Our goal in analysing the data of this experiment is to compare 
the pulsar ‘clock’ with a uniform standard of dynamical time. 
To this end, we convert our measured times to UT (USNO) and 
then to International Atomic Time (TAI) by adding a constant 
offset plus appropriate leap seconds. The topocentric TAI arrival 
times are converted to times at the Solar System barycentre by 
applying geometry based on interpolations of an accurate 
ephemeris of the Earth’s motion. We also adjust the arrival 
times to correct for: (1) dispersive delays in interstellar and 
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interplanetary space; (2) relativistic propagation delay caused 
by the pulsar signal moving through the gravitational field of 
the Sun; (3) gravitational redshift in the rates of terrestrial clocks 
caused by the changing gravitational potential at Earth; and (4) 
varying time dilation caused by changes in the Earth's velocity. 
Our procedure is basically that described by Manchester and 
Taylor? and used routinely for slower pulsars'®'!, However, the 
precision desired in the present experiment requires an improved 
model for the conversion of proper time at Washington, TAI 
(USNO), to coordinate time at the Solar System barycentre, or 
barycentric dynamical time (TDB). 

Corrections applied to the observed pulse arrival times are 
summarized in the equation 


ty ys (r )/ c At, A(- D/f? (1) 


where f, is the infinite-frequency coordinate time of pulse arrival 
at the Solar System barycentre, t,,, is the measured TAI of pulse 
arrival at the observatory, r is the vector displacement of the 
telescope from the barycentre, fi is a unit vector pointing from 
the barycentre to the pulsar, c is the speed of light, At, is the 
relativistic correction from proper time (TAI) to coordinate time 
(TDB), At, is the gravitational propagation delay, D 1s the 
dispersion constant and f the observing frequency, transformed 
to the barycentric reference frame. Note that for the convenience 
of terrestrial observers, our unit of time, even for quantities 
measured in the barycentric frame, is the A.1 second as measured 
by a fictitious clock moving in a circular orbit 1 AU from the 
Sun. (This timescale is not presently defined by any international 
agreement. A precise definition must also specify an interval 
over which the gravitational influences of the planets have been 
averaged, for the proper times-to-coordinate times tabulated in 
the PEP740-R ephemeris (J. F. Chandler et al, personal com- 
munication), this interval was JED 2430000-2451545.) 

In practice, we obtain the required values of r and At, by 
interpolation of the Center for Astrophysics PEP740-R 
ephemeris, using 10-point interpolation formulae. Calculation 
of At, by numerical integration of the planetary ephemerides is 
necessary to achieve the desired accuracy of 0.1 us. (The closed- 
form approximation derived by Moyer’? seems to contain errors 
of a few ys.) After applying all known corrections of 20.1 ps 
amplitude to obtain values of t,,, in TAI units, and then calculat- 
ing fy with the aid of equation (1), we obtain a series of barycen- 
tric arrival times 4, 1—0,1, ..., 195, where we have dropped 
the original subscript on t,. The expected pulsar phase (in turns) 
corresponding to the ith arrival time is given by 


$ (1) = bot volt — to) 432 (1, — to)? (2) 


where фо, vo and v are the pulsar phase, frequency and frequency 
derivative, respectively at time tọ. The arrival time ‘residual’ 
(in s) is then given by 


AOO) B 
Vo 

where n(t,) is the integer closest to ф(1). Using standard pro- 
cedures we minimize the sum-of-the-squares of all residuals, 
solving for corrections to фу, vy, » and the two position and 
two proper motion terms implicit in the unit vector fi in equation 
(1) The results of such a fit are shown in Table 1, where by 
convention we list the pulsar period and derivative, instead of 
frequency and derivative. Post-fit residuals from the solution 
are plotted in Fig. 1. 

It is clear from Fig. 1 that the residuals are dominated by 
systematic effects, rather than by random measurement errors. 
For example, residuals from data obtained in a single day tend 
to be highly correlated and weaker correlations over timescales 
of several months are also evident. Possible causes of systematic 
errors that we cannot yet eliminate at the ~1 ws level include 
clock errors (perhaps related to the transfer of time from Wash- 
ington to Arecibo), imperfect removal of dispersion from the 
scintillating pulsar signal, ephemeris inaccuracies and small 
changes in propagation time caused by interstellar gas clouds 
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Date(year) 
Fig. 1 Post-fit nming residuals for PSR1937+21, after a solution 
for period, period derivative, position and proper motion. Each 
circle represents a 30-min observation; the r.m s. residual is 0 9 ps. 


Table 1 Measured parameters of PSR1937+21 





Period 

Period derivative 

Right ascension (1950.0) 
Declination (1950.0) 
Proper motion tn « 
Proper motion in ё 
Epoch (at barycentre) 
Assumed dispersion 


P= 0.0015578064488724 + 2 s 

P= (105110::0.00008) x 1079 s s7! 

а= 19 h 37 min 28.74600 s + 0 00003 s 

&= 21h 28 min 01 4606 s +0.0010 s 
Ha 7 —0.3 +0 4 mares уг"! 
H= —1.4x10 mares уг” 

tg = 2445303.2731658 JED 

D= 2.94788 x10"? Hz 


1 





Quoted positions are in the coordinate system of ephemeris PEP740-R. 


drifting across the line-of-sight’’. Since October 1984 we have 
been making observations designed to identify and reduce these 
possible sources of error. (Time is now transferred to Arecibo 
Observatory by signals from satellites in the Global Positioning 
System, with accuracies in the tens-of-nanoseconds range. In 
addition, we have built a new multichannel signal averager that 
exactly follows the inverse frequency-squared dispersion law.) 

For the 1982-84 data, however, we must conclude that the 
root-mean-square residual, ~0.9 js, is dominated not by 
instabilities in the pulsar or by receiver noise but by systematic 
(possibly instrumental) effects. For this reason, we have adopted 
a conservative attitude toward the formal standard deviations 
of the parameter estimates. The uncertainties quoted in Table 
1 are four times the formal standard errors from the least-squares 
fit, and are approximately equal to those which would be 
obtained if we had available one measurement of ~2 ws accuracy 
for each observing day. We hope to be able to relax this cautious 
procedure in the near future and to improve further the 
accuracies of the fitted parameters. 


Pulsar parameters 


The pulsar period and derivative listed in Table 1 are consistent 
with, but much more accurate than, our previously published 
values”, They confirm that the characteristic age of this pulsar 
is rather large, P/2P «2 x10? yr, and that if the slow-down 
torque is provided by magnetic dipole radiation, the surface 
magnetic field must be unusually small, 3.2 x 101? (PP)? = 
5х10 С (where С is the Newtonian constant) (see, for 
example, Chapter 9 of ref. 9). Attempts to solve for a second 
derivative of period yield only an upper limit, [Ë| « 107? st. 
This limit is not surprising, because the value expected for 
magnetic dipole braking is P= Pj P=] х10736 5—1, 

The measurement of the pulsar position in the sky described 
here is also consistent with previous work, but the precision of 
our new result is considerably higher. The uncertainties quoted 
in Table 1 are relative to the coordinate system implicitly defined 
by the PEP740-R ephemeris. The orientation of the ephemeris 
coordinate system relative to, say, the FK4 system, is a priori 
uncertain by ~0.2” (J. Е. Chandler et al., personal communica- 
tion). Recently, it has been shown that the reference frame of 
the PEP311 ephemeris, which is in close alignment with PEP740- 
R, is offset in the direction of PSR1937+21 by —0.2" with respect 
to both the Jet Propulsion Laboratory planetary ephemerides 
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Fractional stability су (т) 





dp 
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Measurement interval, т (s) 
Fig. 2 Measured frequency stability o, (т), for PSR1937+21, 
over intervals, т, from 30 min to 256 days. For comparison we also 
plot stability curves representative of several types of atomic clocks. 
The curve labelled ‘rubidium’ refers to typical commercially avail- 
able standards; those labelled ‘caesium (NBS)’ and uT(NBS) are 
based on Fig 3 of ref. 28 and the ‘H maser’ curve is adapted from 
Fig. 5 of ref. 29 


and the ЕКА system!*P, These astrometric details are of con- 
siderable interest, and will be discussed elsewhere?. 

Until we have removed all —1-us systematic errors from the 
data and acquired a better understanding of possible ephemeris 
errors at the same level, our solution for proper motion should 
be treated as an upper limit of |и|<3 marc s yr™'. At a distance! 
of 5 Крс, this limit corresponds to a transverse velocity 
«70 km s^!, which is puzzling as differential galactic rotation is 
expected to create an apparent transverse velocity of 
~100 km s^'. It is possible, of course, that the pulsar’s peculiar 
velocity happens to cancel a large portion of the transverse 
component of differential galactic rotation. 

It is reasonable to enquire about the magnitudes of effects 
not included in our timing model which might influence the 
pulse arrival times significantly and bias some of the parameter 
estimates. In Table 2 we list several such possibilities, in addition 
to the effects that are explicitly included in the model. Our 
model will need further improvements if the data are to be 
improved by another order of magnitude. 

We are aware of several other effects that may contribute 
significantly to the measured pulse arrival times, such as secular 
changes in the Doppler shifts caused by differential galactic 
rotation and possible changes in G. However, these effects will 
be stable over very long timescales, so their effect is simply to 
bias our estimate of the pulsar spindown rate by ~1% without 
contributing significantly to the post-fit arrival-time residuals. 


Stability of the pulsar clock 


The predictability of man-made clocks is customarily measured 
in terms of the fractional frequency stability o,(7) measured 
over various time intervals т. The square of су(т), termed the 
'Allan variance,' is defined by 


о (Et 02801802) ) (4) 


T 


where R(t) is the post-fit residual at time t and the angled 
brackets signify an average taken over all available triplets of 
residuals spaced by +7. We have computed Allan variances from 
the post-fit residuals to the PSR1937+21 timing data, and the 
results are plotted in Fig. 2. For comparison we have also plotted 
curves that correspond to the stabilities of typical rubidium and 
caesium clocks and hydrogen masers and for the bank of caesium 
clocks maintained by the United States National Bureau of 
Standards. We note that although P/P for PSR1937+21 and 
other fast pulsars far exceeds the fractional drift rates of atomic 
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Table 2 Contributions to observed pulse-arrival times 
Model Estimated 
> magnitude error 
Cause (us) (us) 

Pulsar 

Spin 3x10? r == 

Spindown 3x10* à? — 

Timing noise = 0.01 13/2 
Propagation at 1.4 GHz 

Interstellar medium 15x10° 0.51 

Interplanetary medium 0.4 <04 

Ionosphere — <0 04 

Troposphere — «001 
Clocks and corrections 

UT(AO)-UT(JUP) 1 05 

UT(JUP)-UT(USNO) 1 02 

UT(USNO)-TAI(USNO) 50 00 

Errors in TAI(USNCO) — 03 t 
Reduction to barycentre 

Observatory to centre of Earth 2x10* 0.01 

Earth to barycentre 4x108 06t 

TAI-TDB 1,600 01 

Gravitational propagation delay 20 «01 

Parallax of pulsar — 0.06 


Foreach of the named contributions to pulse arrival time, the left-hand 
column gives an indication of the magnitude of the effect currently 
included in the model and the right-hand column gives our estimate of 
the errors caused by having ignored it or having modelled ıt imperfectly. 
Times, t, are measured in years. AO stands for Arecibo Observatory 
and JUP for the Loran station at Jupiter, Florida. 


clocks", the physical process that produces P is sufficiently well 
understood to predict that higher-order derivatives will be much 
smaller for pulsars than for atomic clocks. Thus, the timescale 
at which the stability curve for PSR1937 +21 turns upward will 
probably be much longer than that for the man-made clocks. 

Figure 2 makes it clear that over timescales of the order of 
one year, radioastronomical observations of PSR1937+21 can 
provide a standard of time that is competitive with any other 
available standard. Obviously the practical attractiveness of this 
new basis for barycentric dynamical time will be greatly 
enhanced if several more millisecond pulsars are found and 
their timing behaviours monitored and compared. 


Gravitational radiation 


According to some cosmological models, a substantial fraction 
of the energy density, р, required to close the Universe might 
be expected in the form of very low-frequency gravitational 
radiation!??!, Specific mechanisms that have been proposed 
include the transition of the Universe from a de Sitter inflationary 
phase to a radiation-dominated era? oscillating cosmic 
strings?"?^, a quantum chromodynamic phase transition ın the 
early Universe? and other exotica. Clearly, the eventual 
measurement of a cosmic background of gravitational radiation 
and the determination of its spectrum could play an important 
role in understanding the early Universe. 

At some level, the apparent stability of any distant clock 
sending its ‘ticks’ to Earth by electromagnetic signals must be 
limited by perturbations in the spacetime metric between the 
clock and Earth. This fact is the basis for using pulsar timing 
data or spacecraft-tracking data to place limits on the energy 
density of a cosmic background of gravitational radiation, The 
basic argument is that a plane gravitational wave of dimension- 
less amplitude ^ and period 7 carries energy density 


2 
p= ate (72) в (5) 
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Such a wave would produce pulsar timing perturbations of size 
ôt = hr which, if large enough, would dominate the residuals 
in the timing data. The longest period 7 that will contribute 
significantly to the residuals is roughly half the time span of the 
observations. Thus, our two years of timing data with r.m.s. 
residual 81 —0.9 ps would seem to place an upper limit of 
hs /т=3х107', or p2x10 5 gcm”, for a stochastic 
background of gravitational waves of period —1 year. This limit 
is substantially below the cosmological critical density р. = 
3Hi/(8mG)-2x107? рст > for a Hubble constant Hy)= 
100 km s^! Mpc™?. 

A more rigorous treatment of the limits that can be placed 
on a cosmic background of gravitational radiation from pulsar- 
timing data has been given by Blandford et al.?’. Their method 
makes quantitative allowance for the fraction of timing noise 
power that is absorbed into fits for the parameters of Table 1, 
and more accurately assesses the varying sensitivity of the 
method to gravitational waves of different frequencies. Their 
result can be summarized 1n the equation 


0,07) =7.4 х1075 (5—1) (8/ N)87? Н 8t2, (6) 


where Q,(f) is the ratio of gravitational wave energy density 
(per natural logarithm frequency interval at frequency f ^: 8/ №) 
to the cosmological critical density p,, s is the power law spectral 
slope expected for the timing residuals due to gravitational 
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waves, N is the length of the data span in years, B is a parameter 
characterizing the effective low-frequency cutoff in the sensitivity 
to gravitational waves, Hyoo is the Hubble constant in units of 
100kms~' Mpc”! and ôt, is the post-fit r.m.s. timing residual 
in microseconds. For cosmologically interesting mechanisms of 
generating gravitational waves, s is expected to lie in the range 
5-7, and for N =2 Blandford et al.” find that 8 = 2.05. Thus, 
for Н,оо = 1 we can now place the very firm limit 0, « 5 x107* 
for a stochastic background of gravitational waves in the 
frequency range ~1-3 cycles year !. This limit is not yet 
sufficient to constrain models which use primordial cosmic 
strings as an aid to galaxy formation?*. However, the limit on 
fh at the lowest accessible frequencies varies approximately as 
6t, ИМ“, so that if: (1) the apparent pulsar stability remains 
high; (2) instrumental improvements can reduce the contribu- 
tions of random noise and systematic errors to ôt; and (3) the 
duration of observations N can be significantly extended, 
another two or even three orders of magnitude are potentially 
within reach. 
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Human chronic myelogenous leukaemia is characterized by a reciprocal translocation between chromosomes 9 and 22 
resulting in an abbreviated form of chromosome 22 and the transfer of the abl cellular oncogene from chromosome 9 into 
the ber gene of chromosome 22. Characterization of an 8-kilobase RNA specific to chronic myelogenous leukaemia shows 
it to be a fused transcript of the two genes. The fused protein that would be produced is probably involved in the malignant 


process. 


CHRONIC myelogenous leukaemia (CML) is characterized by 
the proliferation and accumulation of myeloid cells and their 
precursors! and is clinically divided into two phases. The initial 
chronic phase lasts for three to four years and the primary 
abnormality is a marked increase in the stem-cell compartment 
committed to myelopoiesis. This is followed by the acute phase 
(blast crisis) of 3-6 months’ duration and characterized by a 
decrease in the differentiation ability of the cells and the loss 
of response to regulatory factors. In some patients there is a 
transitional accelerated phase. 

* Most (90-95%) CML patients carry in their myeloid cells a 
unique chromosomal aberration—a shortened chromosome 22 
termed the Philadelphia (Ph!) chromosome^$, The origin of 





Ph! was identified as a reciprocal translocation between chromo- 
somes 22 and 9, referred to as t(9; 22) (ref. 7). The localization 
of the cellular oncogenes abl and sis close to or at the break- 
points on chromosomes 9 and 22, respectively*^!?, and the find- 
ing that the oncogenes are included in the exchanged segments 
of these chromosomes!'*'? suggest that one or both are involved 
in development of CML. Subsequent studies failed to detect sis 
transcription in CML", indicating that this oncogene does not 
play a role in the disease. 

Mapping of the breakpoints on chromosome 9 indicated 
variable distances 5' (upstream) of the first known exon of abi. 
In one individual the breakpoint was 14 kilobases (kb) 5' of the 
oncogene, and in others it occurred further upstream and has 
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Fig. 1 Physical maps of normal human abi Р 
cDNA and locus. Restriction enzymes sites on 
cDNA are of Bglll (B), Hincli (Hc), Perl (P), 
Hindli! (Hd) Sites on locus аге Ватні (A), P Vcrum 
Bglit (D), Hindili (8), EcoRI (О) Exons 
within the genomic DNA were determined by 
hybndization of radiolabelled cDNA fragments 
to fragments of the cloned genomic DNA 
Exons are depicted as dark boxes delineated 
between restriction sites bordenng the hybndiz 
able fragments With the exception of exon XI 
the size of the boxes does not reflect the length 
of the corresponding exons 

Methods. Analysis of cDNA was performed on 
the three overlapping phage clones P18, P3 and 
PIS. A cDNA library was constructed?" with 
poly(A) RNA isolated from the SV80 cell line?" 
An 8-pg sample was treated with 1 mM methyl- 
mercury for 10 пип at room temperature, 
neutralized with 10 mM mercaptoethanol and 
alcohol-precipitated. The cDNA was made 
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according to published procedures?) the first strand was synthesized with reverse transcriptase using oligo(dT) as a primer and the second 
strand synthesized with а combination of the enzymes Poll, RNase Н and DNA ligase. Following ‘filling in’ in Klenow fragment”, the cDNA 
was treated with EcoRI methylase and ligated to EcoRI linkers Excess linkers were removed by selective prectpitation for 20 min at room 
temperature in 2 M ammonium acetate with an equal volume of isopropanol, followed by agarose electrophoresis, electroelution and absorption 
and elution from F.luup d-Columns. From а total of 200 ng cDNA obtained, 50 ng were used and cloned in AgtlO vector” to yield ~200,000 
recombinant plaques Following amplification, the library was screened with a v abi-specific probe” and mne positive plaques were detected, 
punfied and analysed The locus was cloned by partially digesting normal genomic DNA with Mbol, selecting fragments of 10-20 kb and 
cloning и into the BamHI site of А147 vector? Phages containing abl sequences were detected using the cDNA ах a probe Sites in the 2 Ab 
gap between A15 and A2 are from ref 14, Southern blot analysis of human DNA showed no hybndization to abl cDNA probe of fragments 


spanning the gap 


not yet been accurately mapped". The situation on chromosome 
22 is different; the breakpoints in diffeent CMLs occurred in a 
restricted region of ~5.8 kb. This region was termed the break- 
point cluster region or ber (ref. 15), and its consistent rearrange- 
ment in CML patients strongly implicates и in the pathogenesis 
of CML. 

Studies of abl transcription provided the first strong evidence 
for involvement of the oncogene in CML A novel 8-kb abl 
RNA larger than the normal species of 6 and 7 kb has been 
identified in the leukaemic cells of essentially all CML patients 
and cell lines containing Ph! (refs 13, 16, 17). This RNA was 
found both in bone marrow and peripheral blood of patients 
in chronic phase or blast crisis. Finally, analysis of the Ph'- 
positive K562 cell line identified a new abl protein of relative 
molecular mass (M,) 210,000, larger than the normal human 
species of M, 145,000 (refs 18, 19). Unlike the normal species, 
the larger protein has a tyrosine kinase activity, which is a 
common feature of retroviral transforming proteins. By cloning 
and characterizing complementary DNA of the normal and 
CML-specific abl RNA, we show here the latter is a hybrid 
molecule containing bcr and abl sequences. Nucleotide sequenc- 
1ng analysis indicates that the protein translated from the fuscd 
RNA has bcr information at its amino terminus and that it 
retains most but not all of the normal abl protein sequence 


Cloning of normal abl cDNA 


The direct approach to study the relationship between normal 
human 6- and 7-kb abl transcripts and the altered CML cell- 
specific 8-kb species is to obtain cDNA copies of the transcripts 
and compare them by restriction enzyme mapping. To obtain 
normal abl cDNA, RNA from the simian virus 80 (SV80) human 
fibroblast cell line was used to construct a cDNA library in the 
AgtlO vector”. The library was screened with a radiolabelled 
probe specific for v-abl, the Abelson virus homologue of the 
mouse abl gene" Nine positive plaques (out of 200,000 
screened) were detected, then punfied and analysed. The phys- 
ical map of cDNA based on three overlapping clones is shown 
in Fig. 1 (upper part) The cDNA is 6 kb long and ends with a 
stretch of poly(A) at the 3’ end (B. Roe et al., in preparation). 
It extends 520 nucleotides 5' of the beginning of v-abl (ref. 22) 
positioned eight nucleotides left of the HinclI site present in 
clone P18. A long open reading frame begins at the 5' end of 
the cDNA and extends into the region homologous to v-abl An 


ATG identified 150 nucleotides downstream of the cDNA 5' 
terminus (Fig. 3; B. Roe et al., in preparation) might serve as 
a translational initiation codon. It is not yet known whether 
normal human abl RNA contains additional sequences at its 5' 
end which are not included in our CDNA 

The cDNA was used as a probe to clone the abl locus. A 
partial Mbo] digest was prepared from white blood cells of a 
normal individual and, after size fractionation into 10-20-kb 
fragments, was cloned into the BamHI site of А147 vector”. А 
region of >50 kb was cloned in five overlapping phages and 
mapped with restriction enzymes (Fig. 1, bottom). The relation- 
ship between abl cDNA and locus was determined by hybridiz- 
ing segments of the former to fragments of the latter (Fig. 1). 
Hence it was possible to identify 11 exons in the locus, 4 of 
which (I, IJ, IV, VI» were not detected or distinguished from 
other exons from a previous analysis where v-abl was used as 
a probe". Sequences spanning the 3' two-thirds of the cDNA 
(delineated between a PstI site and the 3’ terminus) are 
apparently all included in a single exon, XI. The distribution 
of exons in the mouse abl locus™ has common features with 
the situation described here for the human abl locus. 


Cloning and sequencing of abl cDNA 


To clone cDNA derived from the CML-specific 8-kb abl RNA, 
we used RNA extracted from the cell lines K562 and EM2. In 
both lines the predominant ab! RNA is the 8-kb species (ref 
13, Fig. 4). СОМА bbranes were constructed in Agt 10 vector 
and screened with a radiolabelled probe prepared from the 
0.9-kb Bgill fragment located at the 5' region of normal abi 
cDNA (Fig. 1) About 30 positive plaques of 1 х 10° screened 
were detected in each library; all were purified and examined 
by digestion with restriction enzymes. 

The physical maps of two clones from each library were 
compared with normal ab! cDNA (Fig. 2). Clone F6 has an 
identical map compared with the corresponding region on the 
normal cDNA, whereas clones E3, K28 & K30 share most 
restriction enzyme sites with the normal abl cDNA, but vary 
from the latter at the 5' region. Thus, a constellation of sites for 
Aval, Bglil and Puull enzymes present at the left end of the 
normal cDNA is missing from the three clones and is replaced 
іп ЕЗ and K28 with Pst! and HindIII sites. 

To analyse further the variance between normal abl cDNA 
and K562 and EM2 cDNAs, we sequenced the 5’ regions of 
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1kbp 
BH P P PP BP Hc Hc 
Normal abl! cDNA 
APy A АА Ру AAA AA A A А 
В Нс PB P 
EM2  E6 
APY AAA Ру 
P He P P 
EM?  E3 
Hd А ДА р A 
BP не РВ Р 
K562 K28 
на А АА Ру 
Нс РВ Р РР ВР на He 
K562  K30 : 
А AA Ру ААА AA A A А 


Fig. 2 Comparison between maps of normal abl cDNA and of 

abl cDNAs synthesized on RNA from the Ph!-positive K562 and 

EM2 cell lines. Restriction enzymes used included Aval (A), BglII 
(В), Poull (Pv), HinclI (Hc), PstI (P) and HindIII (Hd). 


these species (in clones P18, K28 and E3). The nucleotide 
sequences are depicted in Fig. 3 along with the sequence” of a 
mouse abl exon for comparison. The normal abl cDNA sequence 
is composed of an open reading frame extending into the region 
homologous to v-abl. K562 and EM2 have an identical sequence 
that diverges from the corresponding normal species in nucleo- 
tide 1. The sequence 3' to this point is shared by the three 
cDNAs, whereas 5’ to this position the normal cDNA sequence 
is substituted in K562 and EM2 cDNAs with a new sequence. 
The inserted new DNA fragment is composed of an open 
reading frame that joins in phase the rest of abl open reading 
frame. 


Characterization of new sequence 


The finding of a new DNA linked to abl cDNA and substituting 
a portion of the coding region of the latter in CML cells sug- 
gested that the CML-specific 8-kb abl RNA originates from this 
linkage. To test this directly we subcloned into the puc13 plasmid 
the 0.45-kb EcoRI/ PstI fragment located at the 5' end of clone 
K28 (this fragment is composed entirely of non-abl sequences), 
radiolabelled it and examined its hybridization to RNAs from 
non-CML and CML celi lines. As a control, the blot was first 
hybridized to the v-abl probe and was found to show the normal 
6- and 7-kb abl RNAs in all lines and the 8-kb abl RNA іп 
K562 cells (Fig. 4A). The EcoRI/PstI fragment reacted with the 
8-kb species but not with normal abl RNAs (Fig. 4B). Two 
additional transcripts of —4.5 and —6.7 kb were apparent in all 
lines, in particular in SMS-SB. We conclude that cDNA clones 
E3, K28 and K30 originate from the 8-kb altered abl transcript 
and that the non-abl sequence contained in this RNA is also 
expressed in other human cell lines in the form of two distinct 
transcripts of 4.5 and 6.7 kb. 

To study further the nature of the new sequence we used the 
EcoRI/ PstI-radiolabelled fragment to probe Southern blots 
of normal DNA digested with EcoRI, BamHI and Hindlll, 
and we detected single fragments of 17, 12 and 11 kb, respec- 
tively (not shown). The 17-kb EcoRI fragment was cloned into 
А Charon 4A vector? and mapped with restriction enzymes 
(Fig. 5A). Examination of the map of our clone revealed that 
it is very similar to the physical map of the breakpoint cluster 
region (ber) reported previously by othersP. As the hallmark 
of this region, located on chromosome 22, is that it is cleaved 
in all Ph'-positive СМІ (so that sequences 5’ to the breakpoint 
remain on chromosome 22 and sequences 3’ to this site translo- 
cate to chromosome 9), we tested whether our EcoRI/ PstI DNA 
probe would detect such breaks. DNAs from leukaemic cells of 
eight CML patients were cleaved with Sstl enzyme, elec- 
trophoresed on agarose gel, blotted onto nitrocellulose filter and 
hybridized to our probe. Six of eight samples showed a new 
fragment not detected in the normal control. Part of this analysis 
is shown in Fig. 5B. We conclude that the new sequence linked 


NATURE VOL 315 13 JUNE 1985 














Y D L L L C T & L EL Q S C C X1 T Q Q Y 0 C Y V T 1 P L T D i $ F 
се: MC CA CTG CTT СТС TOC ЮС AAt СТС AMG ANG CAG ACC ОСА OC AAA MOG САС CAD TAY СС TOC АЗА TOG TAC атт OOG СТС ACC САТ CTC ЫХ TTC 
Е] мп 
елт D I L E à Y F NW I P L Y P D E t pw ete I X I1 s ote $ b 
Tel ӧд ATG СТС сат Саа CIC Сас GCA GTC ООС AAC АТС CDC TTC CTC OOC CAT САС CAG CTG АМС OCT ТТС AAC ATC адс АТС ТОС CAG АТС AAG AGT GAC 
20 тет -x 
I Q ER E [ R A » 0 C j E à T E k tL JF t € L $ £ Q E S L L L L N S E 
Ll ATC CAE AGA GAG AAG AOG OOG AMC AAG 00С МА AAC OCT ACC CAG AGG CTG AAG AAG AAG СТС TOG САС САС Сыр TEA CTG CTG CTG CTT ATG ТСТ ОС 
pa eme se ——— —— a oue see ome mam mem ae we maa oae nent a = e ee ~ 
EJ 
3X C 3 er C E à dà à б 
Hornet бос GOC ож ОСТ ос TOG GDG OOG 000 QOG GOC 
-29 
$ à 3 P ev EOS PON UG d S Y T F L I] $ B D Y t & a E WV R E W j k E 
1362 AG ATG OCC ТҮС AGG СТС САС м COC ААС GC Ам; AGT TAC MOG TIC СТО атс ТОС TOY ПАС ТАТ GAG ОСТ ОСА САС ТОС AOG САС AAG ATG OOG GAG 
Wwe mm see ser see cee cms crt mem wmm mee me mee mee ame mee mae me eee aue aan mer ne see mee mme seo mme mee siae mame mmt ere 
л M 
6 6 E G C L I € G à X GO P? GC R A C r E ? C ? D E à GR G à P à P S 
жге! с бот с COC ос СТС OG Gab ах OUG COG GOG СОС COC ССА OOC COG ССТ CAG О) GOC СО; САС CGA ОСТ OOC ACA GOG ОСТ OOG GOG CCA ТОС 
теп тм 
Q Q I F C T x S F S L T S v E L Q и-и S C v E L q T Y K $ 1 ? 
сез CAG CAG ANG AKG ТСТ TIC ACA AGC TTC ТО: СТО ФА TOC СТС GAG CIG CAG ATO CTG AOC AWC TOG TUT CTG АА CTC СС ACT CIC сс Мб ATY OOG 
oa ae ee eee эрер a ais fo ra ME cru cat ee ИН АЫ NC ME ornare xU UE ЖАМ. 
fonction 
r sa. feli poiat epi 
T à Y Ro I L t t C L £ L Y G C E 5 E E OG L 3 ses S C ИК es 
Bernal TIC ал тс ос TIC сы; АТС TOC СТО AAC СТС GTC OOC ТОС заь ТОС AAG ААС OOG СТС ТОС TOG TOC TOG ДОС IGT ТАТ CTC Gia Gas ЯС 
Mott 
ttre SE oot OS POG L Y G F L M Y | Y B $ A T C F Y Q $ ак 
re стс ACC ATC AAT ALG CaA CAT Сат GAG TCT 000 COG (ТС TAT OGG ТТТ СТО AAT GTC АТС (ТЕ CAC TCA OOC ACT ССА TIT 440 CAG AGT TCA ААА —— 
oa cot ae ee pae wae ae ae dine eee А eee te а ee en ee ee mee te te Oe te нны ә не ә 
» wo 
L Q R P Y A $ D F eh Q C L 3 E 4 à P? V N $ t E ^ L L 4 C P GEN 
format СТТ CAG COG CCA GTA OCA ТСТ GAC TIT GME ССТ CAG ОСТ СТС АСТ GAA GOU OCT COT 700 AAG TOC AAG GAA ААС CTT СТС ОСТ GGA OOS АСТ GAA МАТ 
1562 aen m see —À —À —À — — —— oau ee — et — € YOR — —— —— —— —— —— — —— —À 
— ee — ee —— — —— — —— —— —— —À —— —À —— e e ee A mma eA € а н e me ае 
10 mo 
9 P X L F Y à L Y 9 F Y A 5 C D * T L SY T & GC E X L a v i стя 
Hormel ас COC AKC CTI ТҮС тт OCA СТС TAT GAT TIT CTS COC AGT OCA CAT AAC ALT CTA AUC ATA АСТ МА OGT САА AAG CTC OGC CTC TTA COC TAT AAT 
ае А eee oea mae aoe ee wa et нш ыы шы шы ы шш Oe ee ш шш Ha ae 
a ee a ee eee ee te ee wee м tet өөө ON OE зз ате мыз чш сш мш шы шш чн мз 
Маш ie ee "m P 
To woah) меа 
na GC E V C E A Q T Y Ww G Q G V Y P S 9 
кеге! СМС AAT GOG Сад TOG ТСТ САА QOC CAM AOG AAA AST OOC CAA QOC TOG GTC OCA AGC AMG ТАС АТ 
[m 
Ld oon ~o eu. ee aa € —— —À ——À —À — ee oF na ctm et ett n 
Mower жй а — EP ea hose Net ЙӘШ te 


Fig.3 Nucleotide sequence of the region of divergence between 
normal, K562 and EM2 abl cDNAs. Regions delineated between 
the 5’ terminus and the HincII site in clones p18 (normal), ЕЗ 
(EM2) and K28 ((K562) were sequenced on both strands by the 
Maxam and Gilbert technique?^. The sequence numbers are from 
the point of divergence between the normal abl cDNA and the 
two other species. Dashes represent the same nucleotides as in the 
line above; single letters above the sequence correspond to amino 
acids translated from the sequence; boxed ATG at position —79 
on the normal cDNA could be the initiation codon for normal abl 
protein. Alternatively, initiation is in as yet uncloned sequence 5' 
to the beginning of clone p18. A portion of mouse abl sequence”* 
is shown for comparison. 


to abl cDNA (RNA) in K562 and EM2 lines is derived from 
the bcr and that CML-specific 8-kb RNA is a fused transcript 
of abl and bcr. 

After cloning abl and bcr loci, we were able to map the 
sequences at the RNA junction point to their coding regions in 
the loci. This was done by isolating the HinfI/ HincII fragment 
from the K28 clone and using it as a radiolabelled probe. The 
fragment spans the cDNA linkage point and contains 65 and 
258 base pairs of ber and abl information, respectively (Fig. 6). 
The probe was annealed to a Bglli+ HindIII digest of the DNA 
of phage A2 containing exons II and III of the abl locus (Fig. 
1). A 2-kb fragment containing exon II and a 1.1-kb fragment 
containing exon III reacted with the probe (Fig. 6b). This probe 
did not hybridize (Fig. 6a) to DNA of phage A15 that encloses 
abl exon I. These results show that abl RNA at the junction 
point is transcribed from exon II and that sequences of exon I 
are not included in the 8-kb transcript. Hybridization of the 
same probe to different segments of ber showed a reaction (Fig. 
бс) with a 1.3-kb BamHI/ HindIII DNA at 15-16.3 kb on the 
bcr map (Fig. 5a). Thus, a sequence transcribed from this area 
forms the RNA junction point. 


Conclusions 


The results described here help to explain previous observations 
that implicated the abl oncogene and ber in the pathogenesis 
of CML. The CML-specific 8-kb RNA is a hybrid transcript of 
abl and ber genes. As a result of the t(9; 22) translocation both 
genes are juxtapositioned on Ph!, conceivably in a head-to-tail 
configuration with the bcr closer to the centrometer'®. The 8-kb 
transcript presumably initiates in the bcr and extends into abl 
sequences by a splicing mechanism. The great variance in the 
distance between the chromosomal breakpoints and abl'* 
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Fig. 4 Hybridization to human RNA of the sequence linked to 
abl RNA in K562 and EM? cell lines. The blot was first hybridized 
to v-abl probe ( A), then 'stripped' by washing in methyl mercury 
hydroxide and rehybridized (В) to the 0.45-kb EcoRI/ Pst! frag- 
ment from the 5' terminus of clone 28. 10-yg aliquots of poly(A) 
RNA from the cell lines K562 (b, е), HL-60 (a), SMS-SB (c) and 
Molt 4 (d) were electrophoresed, blotted onto nitrocellulose filter 

and hybridized as described. 


(although the breakpoints are presumed always to be positioned 
5’ of the main body of the gene) is not reflected in the size of 
the hybrid transcript which seems to be identical or very similar 
in different CMLs". The RNA linkage point in respect to abl 
sequences is either at the border between exon I and П or within 
exon H of abl. This means that although the region containing 
exon I is included in the Ph! of many CMLs", this exon is 
spliced. out and not included in the fused transcript of K562 
and EM2 RNA and possibly in all CMLs. The bcr RNA at the 
junction point is included in an exon coded by the region at 
15-16.3 kb on the bcr map (Fig. 5). Thus, if the RNA junction 
point is identical in all CMLs, this exon always has to be included 
in the Ph' and the chromosomal breakpoints must map to the 
right-hand side of the BamHI site at 15 kb on the bcr map. As 
the breakpoints in some CMLs' were tentatively mapped to 
positions left of this BamHI site, the question of whether all 
CMLs have identical RNA junction points must await further 
investigation. Nevertheless, our results suggest that CMLs will 
have long primary abl/bcr fused transcripts differing in size 
according to the distance between abl and the breakpoint on 
chromosome 9 in a particular CML. These transcripts will be 
spliced into identical or similar sized mature RNAs. The splice 
between the exon at 15 kb on the bcr map and abl exon II could 
involve dozens of kilobases in some CMLs. In these cases the 
hybrid gene on the Ph’ would resemble in its large size the 
bithorax complex of Drosophila”. 

The 8-kb RNA in CML cells will contain —5.7 kb abl informa- 
tion. The rest of the sequence is presumably derived from the 
4.5- or 6.7-kb normal ber transcripts identified here. Comparison 
of the ber sequence at the junction point (Fig. 3) with a cDNA 
sequence of the normal ber RNA” indicates that it coincides 
at a position — 1,500 nucleotides from the 3’ end of the latter. 
This suggests that the fusion partner in 8-kb RNA will be the 
4.5-kb ber RNA and that its 5' 3 kb are joined to the 3' 5.7 kb 
of abl to form a 8.7-kb species. 

Comparison of the signal intensity of the 8-kb altered RNA 
and 4.5-kb normal bcr transcript in hybridizations using the bcr 
probe (Fig. 4) show the former to be considerably stronger (with 
the exception of the SMS-SB line). If, as suggested here, both 
< transcripts initiate at the same chromosomal region, it seems 

that ber RNA initiated on the Ph! (and giving rise to the 8-kb 
; transcript) is more abundant than the 4.5- (and 6.7) kb species 

initiated on normal chromosome 22. Therefore, it is possible 
that an additional consequence of the t(9; 22) aberration is the 
-enhanced transcription of the ber positioned on Ph'. 

;Fusion of the reading frames of both genes in phase will result 
in the translation of the 8-kb RNA into a hybrid protein. The 
amino terminus of the normal abl protein (26 amino acids if 
initiation of the normal protein is at the ATG in position —79 
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Fig. 5 Sequence linked to abl RNA in K562 and EM2 lines is 
transcribed from the ber. A, Physical map of a genomic EcoRI 
fragment cloned from normal (SV80) DNA using the EcoRI/ Pst} 
probe described іп the text. Sites shown are of EcoRI (E), Ватні: 
(B), Kpn! (К), Hindlll (Н), Sstl (S). B, Hybridization of the sam 
probe to 5511 digests of genomic DNAs (30 ug) from normal (а 
and CMLs (Б-е). Blots were electrophoresed and blotted by stan- 
dard procedures. An 0.9-kb fragment detected at the bottom of the 
blot cannot be accounted for in the physical map of SV80 ber, but: 
it could result from the absence of an 5511 polymorphic site in 
SV80 ber. 
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Fig. 6 Localization of sequences at the 8-kb RNA junction point 

on abl and ber loci. The 0.32-kb Hinf1/ Hincll fragment from the 

5' region of clone K28 (shown at the bottom) was used as a probe 

in hybridization with a Bglil/ Ніла digest of the A15 abl (lane 

а) and A2 abl clones (lane b) shown in Fig. 1. The same probe 

was hybridized to a Hindlll-- BamHI digest (lane c) of the 
genomic bcr clone shown in Fig. 5. 

















in as yet uncloned sequence) is substituted with a bcr encoded 
polypeptide. Presumably, this protein corresponds to the M, 
. 210,000 abl protein identified іп K562 cells!*?. The protein, 
unlike its normal homologue, has a tyrosine kinase activity. The 
Substitution of the amino terminus could change the conforma- 
tion of the enzyme to trigger (perhaps constitutively) the phos- 
phorylating activity. The new amino terminus could also change 
the localization of the enzyme in the cell. 

CML provides the first example for a human cancer where a 
chromosomal translocation results in the production of a 
modified oncogene-encoded protein which is probably directly 
‘involved with the malignant process. 

We thank Drs David Wolf and Verda Rotter for the normal 
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riations in the flux from active galactic nuclei (AGN) allow the 
testing of models of their emission mechanisms. Various sugges- 
tions for the energy generation in AGNs require the existence of 
а compact object, with X rays generated deep in that object's 
potential well and, therefore, X-ray luminosity related directly to 
the object responsible for their enormous luminosities. During a 
S-h X-ray observation of NGC4151 we observed a significant drop 
in intensity lasting —2,000 s. The event is similar to a short flux 
decline previously observed! in NGC6814. Simultaneous intensity 
monitoring of a quasar with coordinates close to those of NGC4151 
evealed no variability in its flux, allowing instrumental causes of 
the event to be discounted. The short timescale of the intensity 
dip imposes limits of 2x 10’ M; S M <3х 10° Mo on the mass 
f the central black hole. We suggest here that the sudden drop 
n intensity may have been caused by a change in the ionization 
'state of gas clouds surrounding the black hole or, possibly, by the 
passage of a star across the line-of-sight in the dense nuclear 
"region of the galaxy. 
Fourteen extragalactic objects have exhibited variability on 
timescales <10* s (ref. 2 and refs therein) comparable with the 
ght travel time across the Schwarzschild radius of a galactic 
"nucleus-sized black hole. But in some of the X-ray observations 
it has been difficult to discount instrumental causes for the 
“variability. NGC4151, one of the closest Seyfert galaxies, has 
“been intensively studied at X-ray wavelengths^", with a 2- 
‚ 10 keV luminosity of a few x10* erg s^, a variable low-energy 
absorption?" as well as a low-energy excess being reported". 
Luminosity variations on timescales of days are common? and 
-there has been some evidence of more rapid changes but at low 
statistical significance’. 


n Fig. 3, or a larger polypeptide if initiation is 5’ to this position ^ human cDNA library and for suggestions regarding. cDNA 
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The present observations were made on 11 July 1983 with the 
low-energy imaging telescopes on EXOSAT (ref. 11). The detec- 
tor used was a channel multiplier array (CMA) with the thin 
lexan filter giving a sensitivity to X rays between 0.04 and 
2.0 keV. No spectral resolution was available. NGC4151 was 
offset from the centre of the field-of-view by —10 arc min. The 
BL Lac object 1E1207.9-- 3945 (ref. 12) (z 0.59). was also 
observed in the field of view ~4.7 arc min from the Seyfert 
galaxy. Spatial filters were used to isolate the signals from 
NGC4151 and 1Е1207.9 + 3945. As the filters were fixed in 
spacecraft coordinates throughout the observation and defined 
precisely the relevant areas of sky, they exclude the possibility 
of all but the most contrived instrumental causes of variability. 
The average count rate from NGC4151 was 0.022 + 0.005 c.p.s. 
and that from 1E1207.9+ 3945 was 0.010 + 0.005 c.p.s. The back- 
ground estimates for both the Seyfert and the BL Lac object 
were selected from annuli of equal area and concentric to the 
circular area of 1 arc min radius centred on the objects chosen 
(the CMA FWHM response is 18arc). Typical background 
count rates were a few x0.001 c.p.s. Data obtained with the 
other low-energy imaging telescope were contaminated with 
solar-flare emission and cannot be satisfactorily analysed (the 
reason for the difference in the response of the two telescopes 
to solar flares is well understood). At the time of the observation 
reported, the medium-energy detectors were not operating in a 
mode which allows the comparison of their data with that from 
the CMAs. NGC4151 was detected in the higher energy gas 
scintillation proportional counter (GSPC) detector though at 
such a weak level as to preclude a search for variability in its 
count rate. 

A search was conducted for variability in the flux from 
NGC4151 by binning the data with bin widths from 1,000 to 
9,500 s in steps of 100 s and testing the value of x^ against the 
hypothesis of a uniform counting rate. Such a series of timelines 
do not represent completely independent trials and the interpre- 
tation of the x^ results must allow for this. The timelines may 
be considered independent if the phase difference between the 
last bins in each data set is greater than one bin width". There 
were six independent timelines and the probability of obtaining 
the six values of x^ by chance in non-ordered samples was 
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Time (1,300-s bins) 


Fig. 1 The bustinogtid subtracted light curves for NGC4151 (top) 
and 1E1207.9+ 3945 (bottom) Origin in each case 15 7 h 3 min 6s. 
Times are in UT. 


«107^. The light curves for the observation (Fig. 1) show that 
the cause of the large x? is a decline in the flux from NGC4151 
over a ~2,000-s period. 

There are two plausible explanations for this intensity change. 
Either the opacity of the line-of-sight material within NGC4151 
varied, perhaps because of changes in its ionization state, or an 
essentially opaque body passed between the X-ray source and 
the telescope. In either case, it is difficult to avoid the conclusion 
that both the X-ray source and the variable part of the inter- 
vening matter. have dimensions of the order of, or less than, 
2,000 c-6x107 cm. 

Halpern!‘ has suggested that variable absorption | in QSO 
MR2251 —178 results from changes in the ionization state of 
the gas surrounding the nucleus. If this model is applied to the 
current observations, the radial extent of the gas must be «6x 
10? cm and the ionization parameter? E must lie'between 1 
and 100 in order for substantial changes in X-ray transmission 
to occur. The timescales quoted by Halpern for opacity changes 
are similar to the timescale of the variability reported here. The 
low-energy count rate requires a column density «10? atoms 
cm ?. Using the extreme values allowed by the data, the electron 
number density in the ionized region must be 10 cm *. This 
places the absorption cloud at 105-106 cm from the nucleus to 
achieve the required range of é. 

The bolometric luminosity of NGC4151, 2.7 x 10% erg s^! (ref. 
2) and the observed variability enable limits to be placed on the 
mass of the central black hole of 2x10 Mo M «3 x10* Mo, 
model-dependent arguments reduce the range further. The 
Elliot-Shapiro relationship!Ó is satisfied in this case indicating 
that beaming of the radiation is not required, but the Cavallo- 
Rees accretion scattering limit!" is not valid for an occulting 
object external to the accreting material. 

Stars have photospheric radii in the range 5 x 1019-7 x 10? em 
(ref. 18) and are large enough to occult all, or a large fraction 
of, the X-ray emitting part of an accretion disk surrounding a 
black hole-with mass in the range 3 x 10-2 x 108 Mo. The spatial 
density of stars close to the central objects may be of the order 
of 10° Mo pc? (ref. 19) and therefore such occultations can 
occur on timescales of months or years. If this is so then the 
velocity of the occulting object must lie between 4x10’ and 
3x10! cms^! to perform the occultation in the observed time. 
This range is appropriate for keplerian velocities within a parsec 
of the nucleus. We suggest that luminosity dips caused by 'star 
shadows’ will occur, and should be searched for, regardless of 
‘whether they caused this event. 
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UA QCG195 +4) is a very bright y-ray source with the flux 
Е, =2.4x 107° erg s ! cm? for E 250 MeV (refs 1-3). It has been 
recently identified with X-ray* and optical" sources. The optical 
object is the bluest for its magnitude’, indicating compactness of 
the emitting region. The high ratios L/Ly= 107, Ly/ Loot 200 
and the absence of radio emission are very unusual. The observed 
periodicity is P= 1 min and it changes at a rate corresponding to 
a doubling time of about several hundred years. I propose here a 
model which quantitatively explains the values of Р and P. It 
consists of a degenerate dwarf (M, 0.6 Мо) filling its Roche 
lobe and orbiting a black hole (М, =4.4 Mo) with a period 
P — | min. Gravitational radiation dissipates the angular momen- 
tum, which leads to mass transfer with a current rate 
—10? Ms yr^' and a period change P which agrees with the 
observed value. At a distance of 100 рс the flux of this radiation 
would be ~5x 107? erg s^! cm ? (at v = 1/30 Hz). This is about 
seven orders of magnitude greater than from any other known 
stationary source. 

Let Кү be the distance between the dwarf and the black hole. 
Because the dwarf fills its Roche lobe, its radius equals®: 


2 (м.ү? 
к= Rasen (a) , 


a 


M=Ma+ Ma °° | (1) 


We can use this and Kepler’s laws to describe the orbital period 
of the system 


Roche = 


9 2732 E 9«RY? 
(GM) QGM^ 


On the other hand, for a dwarf made of helium or heavy elements 
(4. 7:2) the radius Rg depends gn E mass M, through the 
relation’: 


r M 1/3 
Ra=7.6 х (59) cm 
а 


Therefore, we can eliminate Ra from equation (2) and write the 
orbital period P as a function of the mass of the dwarf only: 


P= (ме), | (4) 


For P=60s the corresponding value of M, is 0.6 Ме and we 
can see that the observed period can easily be interpreted as 
the orbital one. To explain P let us note that the gravitational 
radiation leads to a loss of orbital angular momentum which in 
turn causes an increase of the mass transfer and an increase of 
the orbital period, This effect was first applied to explain some 


(2) 


Ma 
for 0.25 —<0.75 
| or Ms 0 (3) 
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of the dwarf novae properties“. The orbital angular momentum 
J and its change J due to the gravitational radiation are given 
by 
ок) j 2G 
"m Maa MJ Ot J RD 
Combining equations (1)-(5) we obtain the equation for Ма 
and its derivative Му, expressed in solar units (т = M/ Mo): 


2 
т ( m 
— 213x107? mig? 2 — (6) 
ma 5 Ma 


MM.My, (5) 


The solution of equation (6) when та« m, together with 
equations (4) and (1), lead to the relations: 


ma=0.6(1+6.3 x 1079 m ty)?! (7) 
Ма=—4х107* m?7(14+6.3 x 1076 т2/31,) 4/1 Moyr (8) 
Р =60(1+6.3 x 1075 m t^ s (9) 
К,,=4х10(1+6.3 x107 8 m? t)” om (10) 


where t4 is the time in days with t4=0 at the moment when 
P — 1 min. The curve P(t4) given by equation (9) approximately 


fits the observational points for т = 5 (see Fig. 1). The deviations’ 


of these points from a straight line may be due to the observa- 
tional errors or to some phenomena, connected, for example, 
with the angular momentum exchange between the orbital and 
intrinsic rotation of the companions. The mass My = 4.4 Mo is 
greater than the usually assumed value for the maximum mass 
of a neutron star of 2Mo. The absence of radio emission and 
the very faint X-ray source also implies the absence of a neutron 
star in this system. 

It has been suggested? that the evolutionary path leading to 
the formation of a binary system consisting: of a degenerate 
dwarf and a relativistic star (a black hole or a neutron star) may 
start with a close pair of main-sequence stars of mass ~11 Mo. 

If the initial mass of the white dwarf in Geminga was 1 Mo, 
then the filling of the Roche lobe and the onset of the mass 
transfer and appearance of the y-ray source happened ~130 yr 
ago, when the parameters of the system were: P,,,,~36s, 
Ri2,mn 73.6 X 10° ст. So, Geminga may be a very young y-ray 
source. Before the Roche lobe filling phase (for t <0) the system 
had been in a very quiet state for a long time. Gravitational 
radiation was decreasing the orbital period and the separation, 
according to equation (5) but with constants M4 and My: 





2566? E 
Ri2= Rppml-T—-MMaMyat 
12 12,m ( 5c 4, min d4“ bh _ 
= 3.6 x109(1—3 x107!! mmamy,t)/* cm (11) 
P=Pan( <2) 
Күз min 


= 36(1—3 x107!! mmym,,t)?/* s, t« 0 


If the formation of the binary system had happened <10” s 
ago, initially it had parameters: 


Ri2,0 € 1.5 X10"! (mmamg,)* cm 
Py 2.7 (ттатьь)3/® h 


In the future, mass transfer in Geminga will proceed up to the 
moment when a planet of non-ideal matter is formed and the 
mass transfer will stop. It follows from equation (7) that the 
transfer stage will proceed for at least a Hubble time ~3 x10" s, 
after which the period will be P~2.2h, R,-10!! cm and 
Ma474.5x10? Mo. н 

The present mass transfer rate, M =10° Ме yr^!, is very 
high. However, if Geminga is at a distance of about 100 pc (ref. 
5) then its luminosity Г, = Lo can be explained by a much 
smaller accretion rate, —10 ?-10^!! Mo yr !, suggesting either 
a low efficiency of accretion or a non-stationary accumulation 


(12) 


1 
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Fig. 1 The dependence of the репой (in s) on time (in days). Ш, 

Observational даѓа!?. The lines are calculated from equation (9). 

Solid line corresponds to m = 5, the dashed line a to m —3, and 

the dashed line b to m — 7. All three lines meet at the point P — 605, 
1 = 12,120 days. 





Fig. 2 The model of Geminga a, White dwarf filling its Roche 

lobe; b, accretion disk around black hole; c, regions of formation 

of the y-ray emission due to collisions of relativistic particles; d, 
the beam of relativistic particles. 


of matter in the accretion disk. Both these cases have been 
recently treated by authors (see refs 11, 12 and those cited in 
ref. 13) who considered geometrically thick, low-viscosity, 
laminar accretion flows onto black holes ('thick accretion disks"). 

If the magnetic field is frozen into the matter of the disk, then 
the induced electric field accelerates the charged particles up to 
relativistic energies in the funnel of the thick disk which forms 
along the rotation ахіѕ!?. The interaction of the relativistic par- 
ticles may lead to the formation of «^ mesons with the sub- 
sequent decay to y-quanta. The qualitative picture of the model 
of Geminga is presented in Fig. 2. As in the Crab and Vela!* 
the energy losses in the form of relativistic particles may be 
100-1,000 times greater than L,. The rotation of the thick disk 
must be nearly uniform so that the magnetic field will not be 
strongly amplified and the quasi-stationary state of the disk may 
be preserved for a long time. 

If the X-ray flux is formed by the interaction of the relativistic 
flow with the surface of the dwarf and the disk, then only a 
small part of the energy flux reaches these surfaces. Due to the 
reflection effect, we may expect optical variations with the same 
period P = 1 min and periodical Doppler shifts of the spectral 
lines from the dwarf with the amplitude ~4,200 sin i km s~}, 
where i is the unknown angle between the normal to the orbital 
plane and the line-of-sight. The optical observations may serve 
as à decisive test for the validity of this model. { 

The development of turbulence in the accretion disk may lead 
to a strong X-ray emission Ly = Lesa = 5X10" ergs !, but the 
duration and the frequency of such bursts are impossible to 
predict within the present model. А 

If the other unidentified point-like y-ray sources” are of ће 
same origin as Geminga, then we may expect similar L,/ Lx 
and Ly/ Lop ratios and a periodic modulation of the y-ray flux 
with 1 mins P «3h. 
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The main energy losses by Geminga in this model are due to 
gravitational radiation. Using the standard quadrupole formula? 
and equation (10) we may write for the gravitational wave 
luminosity Lg: 


_32 G* МММ 
9750 Ri 


z6x109(1--1.8 x 1075 г.) erg s^! (13) 


At a distance of 100 pc, this corresponds to a value of the flux 
on the Earth of 


Е =5 х1073 erg cm? s^! (14) 


This flux is about seven orders of magnitude greater than the 
flux from any other known binary system! 

In the case of supernovae explosions, a high deviation from 
spherical symmetry and high infall velocities must be assumed 
to allow a detectable amount of gravitational radiation. There 
are doubts!^!? over whether such high values are consistent with 
real supernovae events. On the other hand, our model of 
Geminga employs simple arguments and realistic parameters 
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for the binary system. Thus the search for gravitational radiation 
(at » —1/30 Hz) from Geminga would probably not be less 
reasonable than the search for the pulses of gravitational radi- 
ation from supernova explosions. 

I thank С. Е. Bignami for attracting my attention to Geminga, 
and V. I. Slysh and V. B. Braginskii for helpful discussions. 
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The recent discovery of millisecond pulsars'? has led to several 
theories about the structure"? and radiation characteristics”! of 
rapidly rotating neutron stars. The rapid rotation rate implies that 
such pulsars will be compact? (implying large space-time curvature) 
and that surface emission characteristics will differ significantly 
from the non-rotational (Schwarzchild) case". We report here the 
implications of large space-time curvature and large rotation 
(specifically, the dragging of inertial frames introduced by rota- 
tion) on the trajectories of photons, and hence, on the pulse profile 
of fast pulsars. Space-time curvature leads to substantial amounts 
of divergence in the pulse width and reduction in the pulse intensity 
whereas rotation produces a tilt of the pulse cone from its original 
direction of emission, and deforms the cone, introducing an asym- 
metry in the (flattened) pulse profile leading to a time delay in 
the arrival of photons emitted within the pulse cone. We find that 
the effect of curvature dominates over that of rotation, suggesting 
a larger brightness temperature than inferred observationally for 
all pulsars whatever the rotation rate (unless the pulsar is of very 
low mass). 

The full rotational analogue to the Schwarzchild space-time, 
namely the Kerr metric, does not have a corresponding appropri- 
ate interior solution amenable to a straightforward theoretical 
treatment. However, a rotationally-perturbed interior spherical 
metric of the following form!^P? is adequate (signature --——-—) 


ds? = gag dx^ dx? 
=e” d? -e(d -o dt} -e d0?—e™ dr (1) 


where w is the angular velocity of the cumulative dragging of 
inertial frames and v, №, p, A depend on the structure of the 
rotating neutron star. This metric is valid for strong gravitational 
fields and for a uniform rotation rate that has as its upper bound 
the critical speed for centrifugal breakup. Neutron star models 
which rotate at the secular instability limit (assuming the star 
to be homogeneous) and which are relevant to fast pulsars, are 
within this bound®. 

Rotating neutron-star structure parameters using the metric 
(1) (see refs 5, 6) can be used in an external metric (which 


match at the surface) for calculating the photon trajectories. 
Space-time curvature will bend a photon trajectory, and rotation 
will drag it away from its original direction towards the direction 
of rotation. The net angle of deflection in the trajectory will be 
given by 


P аф/аг 


„ ааг“ Q 


— (5) = | 
where Г is an affine parameter and r, and D are respectively 
the radial locations of the emission and reception of the photon. 
The deflection angle is a function of 6, the azimuthal angle at 
which the photon is emitted with respect to the radius vector 
of the source through the origin of coordinates as seen in the 
local rest frame of the star (8 =0 corresponds to a radially 
outgoing photon and 6=32/2 to a tangentially-forward 
photon). We have neglected the polar bending (40/4Г —0) 
which will be small because we use a perturbed spherical 
geometry. Therefore, the polar angle of emission, 0,, made by 
the line-of-sight through the centre of the star with respect to 
the rotation axis can be taken to be identical to the angle of 
inclination seen by a distant observer. 

The lagrangian for the metric (1) is 


L-Me"P- ei? 26?" – wt} (3). 


where the overdot indicates derivative with respect to Г. The 
equations of motion corresponding to equation (3) provide ф 
and í whereas ř is obtained from the null condition. Evaluated 
thus, equation (2) becomes 


—$o(8) = | 


Te 


D 


S(r, qe) dr o (4) 


20—24 


о(1+ oq.) - 9. e 
E Meg) qe nr 


Here q, is the impact parameter of the photon at the emission 
location, and has the form!! 


" e" "(v,-- sin 8) 
(1 +e” (wv, +Q sin 8) 


Аъ, а.) = (5) 


де (6) 





r=" 


where Q is the angular velocity of the star as seen by a distan 
observer and ` 


о. =6 (N-o) (7) 


Because of bending (see Fig. 1), the space-time curvature will 
cause a divergence in the pulse width. As a measure of this 
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Fig. 1 Schematic illustration of the trajectory of photon starting 
^' from P at (or near) thé pulsar surface in terms of tlie azimuthal ' 
angle of emission (8) and bending (o = 8,4, — 8). For an observer . 
at infinity (denoted by Q); the angle a > 0: The arrow implies the 

direction of rotation of the neutron star. Р 


divergence effect, we introduée a parameter А defined as 
A= (dó,5,/d5),.., 


=(1+d¢o/d8) =n (8) 


where 1 : 
бы„=б+ф8) | , ^ (9) 


Аза consequence of rotation, the ee Parameter is asym- 
metric in +8 and. СЕ 


A(8, r)* A(- 8, r) 


implying an asymmetry in the pulse profile (assuming the initial 
-profile to be symmetric). This is unlike the Schwarzchild case, 
where although the space-time curvature will produce a pulse, 
divergence effect of similar extent, there will be symmetry in +6. 

The pulse divergence described above will imply a reduction 
in the pulse intensity, which, сап be understood in terms of 
conservation of energy flux. We белое fe intensity deamplifica-, 
tion factor by в: 


.l sin | | (10) 
Asin Bnew р 





‚ The factor = must be corrected for redshift effects as is follows, 

using Liouville’s theorem". If J, is the observed specific intensity 

.and I, the emitted (rionochromatic specific intensity (at a 
, given 8), then 


L= I, [ny 


- Lr z) (11) 
where (1+ z) is the redshift factor!!: 
mE 14-04, 
MEET TET TS (12) 


The redshift correction to the intensity through a factor + 
z(8 =0)}"? is inherent to the pulse. Apart from this; the intensity 
will become enhanced for fürward emitted photons (8 « 0) and 
reduced for backward emitted: photons (5 > 0). We define a net 
intensity deamplification factor £' that corrects & for Doppler 
boosting (for 5 « 0) and dimunition (for >‘) as 


, = 1+2(0))? 
gu 
; 1+2( 8) 
in accordance with Liouville’ s theorem. ; 
To illustrate the effects of space-time curvature and rotation 
on the pulse profile, we consider PSR1937+214, assuming its 


mass to be 1.4Mo(Mo=solar mass). For this pulsar, О = ` 
4.0334 X 10? rad s^!; the relevant structure parameters for the 


(13) ` 
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_ Fig. 2 '! Net deamplificatioh faite (e’) versus ф radial emission 
location (re). EOS: FP model, 0, = 7/2. 


ТЯ have rem taken from our earlier work? e: 
sponding to the Friedman- Pandharipande equation of state of 
neutron-star matter). As this pulsar is close to thé point of sécular 
rotational instability" the results will refer to maximal effects 
of rotation. . 

There is no general consensus on the mechanism: of pulse 
emission. ‘Here, we have selected one of the more popular, 
models'^, namely, that in which the emission (at a particular 
frequency) emanates from a point neat the surface of the pulsar 
in the form of a narrow cone (оѓ arigle =10°) which rotates with 
the pulsar, sweeping thé,pattern past the observer. For thé 
purposes of calculatioh, we take the initial pulse to be a gaussian 
curve with —5^« 8 « + 5*. 

"The results of our calculations for the rotational (for 0, = 0.37, 
0.5ar) and Schwarzthild (0, — 0.5 т here) cases are summarized 
in Tables 1 and 2. The initial pulse becomes wider by a factor 
^2. There is an asymmetry in the pulse profile brought about 
by rotation which manifests itself їп the pulse cone getting 
compressed for backward emission and stretched for forward 
emission. This asymmetry, characterized by |A(--8) — Al- 5)|, is 


Table 1 Azimüthal bending, divergence index (A) and deamplification 
factor (e^) for the rotational and Schwarzchild cases with emission taken 
at the pulsar surface considered for PSR1937-- 214 





Bnew (deg) E e 
ô ————M 
8, (deg) T - + pss + - 
Rotation case ' os 

0.37 0 0. 0 2.512 2,512 0.158 0.158 
E 2.509 —2 514 2.507 :2.517 0.158 0.159 

2 5.014 —5.034 2.503 2,522 0157 0160 

3 7.515 —7.558 2498 2527 0.157 0.161 

`4 10.010  —10.087 2494 2.532 0.156 0.162 

2 5 12.502  —12.621 2.489 2.537 0.156 0.164 
0.57 `0 о 0 2213 2213 0204 0204. 
1 2210 : —2215 2.208 .2217 0.203 0.206 

2 4416  —4435 2203 222 0.202 0.207 

3 6.617 : —6.659 2.199 2.227 0.201 0.209 

4 > 8.813- -8.889 2494 2.232 0.200 0.210 

5 11.005 .—11.124 2.190 2.237 0.199 0212 

Schwarzchild case ; : 

057 . 0 0 -. 0 2.226 2.226 0202 0202 
1 2226  -2226 2.226 2.226 0.202 0.202 

2 4.453  —4453 2.226 2.226 0.202 0.202 

3 6.679 —6.679 2227 2:227 0.202 ..0.202 

4 8906 8.906 2227 2227 0202 0202 

5 11.133 —11.133 2227 2227. 0.203 . 0.203 
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Table 2 Rotation-induced pulse tilt angle and time delay for two values 
of 6, and ғ. = R', 2R', 3R' considered for PSR1937-- 214 





Time delay for à 


(ps) 
-Tilt angle _—@ —————— — ————— — 

г. 0. (deg) _ (deg) +1° +2 +3° +4° 5° 
R' 54 10.262 0.2 05 0.7 1.0 1.2 
90 10.253 0.3 0.6 10 1.3 1.5 

2R' 54 20.199 08 1.6 24 31 3.9 
90 20.322 10 1.9 28 39 4.7 

3R' 54 28.823 1.5 3.1 4.6 6.1 77 
90 29.290 1.8 36 5.4 7.2 9.1 


proportional to ô. This is also evident in £’. Figure 2 illustrates 
(for 8 =0°, +5°) the variation e'(r,), г, being taken in units of 
R'(R) which is the radius of the rotating (non-rotating) neutron 
star. 

One interesting result of our calculations is the ‘sweeping’ of 
the entire pulse cone in the direction of rotation of the pulsar, 
thus imparting a tilt to the cone. The tilt can be understood in 
terms of the net bending of the radially outward 8 =0 photon, 
whose values for various 6, and r, are given in Table 2. 

In Schwarzchild space-time, photons emitted at +6 would 
have the same time of flight to the distant observer. But with 
the neutron star rotating rapidly, this symmetry will not be 
maintained. The backward emitted photons would have larger 

_ time of flight than the forward emitted photons. The difference 
in the arrival times of +6 photons, which we call time delay, 
can be evaluated from the equations of motion of photons in 
the external space-time and their redshifts. These values are 
listed in Table 2. If the time delay between photons with 
maximum 6 and minimum ô equals the pulse duration, the 
complete pulse will be detected by the observer. If, however, 
this time delay exceeds the pulse duration, then, photons with 
ô larger than a critical 8 will-miss the detector. As a result, the 
pulse will have a gradual buildup but a steeper falloff. This will 


be a contributory factor to the asymmetry in the final pulse - 


profile (apart from the effects resulting from inertial frame drag 
and interstellar/ planetary scintillation, if any), and, in principle, 
will constrain the duty cycle of the pulsar. 

The effects of curvature and rotation on the pulse profile 
presented here are purely general relativistic effects, and will be 
additional to any (frequency dependent) effect on the propaga- 
tion of electromagnetic waves through  anisotropic/in- 
homogeneous magnetized plasma. Observationally, most pulsars 
show narrow profiles. Our calculations, therefore, can be taken 
to imply that at the emission location, the pulse starts out in 
the shape of a narrow spike. As the brightness temperature of 
the source is directly proportional to the intensity of radiation, 
the important conclusion that follows is that the brightness 
temperatures of pulsars in general (since the curvature effects 
are dominant over the rotational effects) are larger by an order 
of magnitude (in the emitter's frame of reference) than are 
presently presumed. 

We thank Professors J. V. Narlikar, Ch. V. Sastry, V. 
Radhakrishnan and our colleagues at the Raman Research 

. Institute, for helpful discussions. B.D. acknowledges the Indian 
National Science Academy for the award of Biren Roy Trust 
Fellowship. 
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Most of the old cratered highlands of Mars are dissected by 
branching river valleys that appear to have been cut by running 
water!” yet liquid water is unstable everywhere on the martian 
surface. In the equatorial region, where most of the valleys are 
observed, even ice is unstable“. It has been suggested, therefore, 
that Mars had an early denser atmosphere with sufficient green- 
house warming to allow the existence of liquid water". Here, we 
suggest instead that during periods of very high obliquities, ice 
could accumulate at low latitudes as a result of sustained sublima- 
tion of ice from the poles and transport of the water vapour 
equatorwards. At low latitudes, the water vapour would saturate 


· the atmosphere and condense onto the surface where it would 


accumulate until lower obliquities prevailed. The mechanism is 
efficient only at the very high obliquities that occurred before 
formation of Tharsis very early in the planet’s history, but limited 
equatorial ice accumulation could also have occurred at the highest 
obliquities during the rest of the planet's history. Partial melting 
of the ice could have provided runoff to form the channels or 
replenish the groundwater system. 

That some mechanism must exist for replenishment of the 
equatorial inventory of water has been suspected on several 
grounds: (1) if the valleys formed in a manner analogous to 
terrestrial river valleys, by slow erosion of running water, then 
the volumes of water that would have flowed through them 
would have been so large that some recycling of water is implied; 
(2) although groundwater seepage has probably had a major 
role in formation of the valleys$, several morphological charac- 
teristics suggest that precipitation was also involved, so that 
transfer of water from the atmosphere to the surface occurred’; 
(3) the unique characteristics of several martian landforms, 
particularly those formed by impact, have been attributed 
(although not uniquely) to the presence of ground ice in regions 
where it is unstable. 

We have calculated the potential loss of water from the poles 
on the assumption that sublimation of the seasonal CO; cap 
during summer exposes a residual water-ice cap, as is currently 
the case for the North Pole"? and may occasionally be the case 
for the South Pole?. The procedure followed here is similar to 
that used by Toon et al.'°. Temperatures at the surface and down 
to depths of 7 m are calculated for +85° lat. taking into account 
incident solar radiation, long-wave emission from the surface 
and atmosphere, conduction into the ground, sublimation and 
condensation of carbon dioxide and evaporation of water. 
Atmospheric pressures greater than the present value may occur 
at high obliquities as a result of desorption of CO; from the 
high-latitude regolith!!, We assumed that the pressure was 
40 mbar at 45? obliquity, 25 mbar at 35? obliquity and 10 mbar 
at the current 25? obliquity!*. The main difference between our 
model and that of Toon et al. is that we included growth and 
decay of the CO, cap as an integral part of our model rather 
than assuming that the CO; cap disappeared at a specific time. 
Our results are conservative in that they give estimates of the 


x LETTERS TONATURE 





Temperature (K) 


8x10 om 





0 40 80 120 160 200 240 280 320 360 40 
Ls 


Fig. 1 Seasonal polar cap temperatures calculated for obliquities 
of 45? (a), 35° (b) and 25? (c). The adjacent numbers refer to the 
thickness of ice sublimed from the cap (in cm) during the entire 
summer. For clanty, only temperatures for the warmer pole are 
shown at each season. Calculations assume the maximum obliquity 
(0.14) and have periapsis at southern solstice, and thus yield the 
maximum differences between the two poles; other choices would 
yield temperatures intermediate between these extremes. 


amount of water sublimed from the summer cap that are up to 
a factor of 10 lower than the estimates of Toon et al". 

Typical results are shown in Fig. 1 for the three values of the 
obliquity. Although the results are sensitive to factors such as 
the albedo of CO, and water frost, the wind speed and the 
assumed thermal conductivity, the results, in general, demon- 
strate that at 45? obliquity a few centimetres to a few tens of 
centimetres will be evaporated from the poles during each sum- 
mer. At an obliquity of 35? a few tenths of a centimetre to a few 
centimetres will be lost, while in present conditions only 1072- 
107* ст are lost. 

The results shown in Fig. 1 were calculated assuming sublima- 
tion of water into a dry atmosphere. The actual amount of water 
sublimed and its eventual fate will depend on the rate of atmos- 
pheric transport away from the pole. Figure 2 shows the mid- 
northern-summer latitudinal distribution of water vapour during 
1976. Polar abundances of about 100 precipitable (pr) рт were 
Observed, consistent with an almost saturated atmosphere*?^, 
Non-polar atomospheric water indicates transport of water away 
from the pole and/or exchange of water between the regolith 
and atmosphere'*'*, although transport from the poles ulti- 
mately dominates the process'*. For equatorial and mid-latitude 
mixing timescales indicated by dynamic models!*"", an amount 
of the order of 5 x10!*g H,O can be transported southwards 
each year, equivalent to removing ~4 X107? g стг? from the 
cap'*'8, Given the uncertainties in the models, this value is 
consistent with the estimated amounts of water that can be 
sublimed. 

At high obliquity, a similar atmospheric circulation pattern 
should exist, with the exceptions of a poleward shift in the 
Hadley cell to the subsolar point, and more vigorous cross- 
equatorial transport (ref. 19 and R. M. Haberle, personal com- 
munication). Therefore, if we assume a similar mid-summer 
distribution of water with latitude due to transport from the 
polar region, we can use Fig. 2 to show the latitudinal variation 
at midsummer, reading now from the right-hand scale The 
estimate of 5 X10? pr um over the pole is conservative, based 
on saturation of the atmosphere over the pole at temperatures 
that are relatively low for 45? obliquity but higher than that of 
the present summer cap. By scaling the amount transported to 
the total abundance, the amount of water transported away from 
the cap is equivalent to removal of —2 вст”? from the pole, 
again consistent with the amounts estimated to have sublimed. 
From the right-hand scale of Fig. 2, there can be 71,000 pr pm 
of atmospheric water at mid- and low latitudes. For less con- 
servative assumptions, the amount of water ice sublimed can 
be as great as 20 cm and the water content of the atmosphere 
at the equator can be as high as 10,000 pr jum. 

At the equator a dust-free atmosphere is capable of holding 
only as much as 100-200 pr рт of water vapour without saturat- 
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Fig.2 Latitudinal distribution of water vapour at mid-summer in 
the north as observed from the Viking space craft (left-hand ordin- 
ate) The right-hand ordinate is appropriate for high values for the 
obliquity, when 25 x 10? pr шт water may be present over the cap 


ing”?! Thus, the excess above this value will condense and 


form clouds. Persistent dust storms are, however, likely at high 
obliquities. The presence of dust causes atmospheric tem- 
peratures to rise. As a result, the atmosphere could hold 5,000- 
10,000 pr рт during the day without saturating, and up to 
300 pr ium at night”. Thus, even during dust storms water would 
condense out at night if abundances were higher than 
—300 pr jum. If the dust acts as condensation nuclei for the 
water, then the dust and ice will be removed rapidly to the 
surface, possibly within several days. Two uncertainties are the 
effect of the ice clouds on the holding capacity of the atmosphere 
and the effect of surface ice. Temperatures that occur in the 
presence of clouds are not well determined; low-altitude clouds 
will cool the surface dramatically??? while high-altitude clouds 
could increase surface temperatures'®. The presence of bigh- 
albedo ice on the surface would significantly lower surface and 
atmospheric temperatures, thereby providing a positive feed- 
back and enhancing the tendency for atmospheric water to 
condense. 

If as much as 20cm of ice are removed in 1 yr from the 
summer cap and deposited uniformly between +45° latitude, 
the resulting ice thickness is 0.4 cm. It is uncertain, however, 
where the ice is deposited. The atmospheric circulation pattern 
and the relative timescales for condensation and settling will 
determine whether the ice is deposited near the edge of the 
summer or winter cap or more uniformly over the globe. During 
the following winter, the non-polar water vapour abundance at 
saturation will not change significantly, while the winter polar 
cap will have essentially no water vapour above it. The latitudinal 
gradient of water during winter is thus towards the pole, but is 
a factor of 5-50 smaller in magnitude than during summer, so 
that the rate of transport of water from low latitudes to the 
winter pole is probably low. Also, at the time when water is 
seeking to move back to the winter pole, additional water is 
being supplied from the other summer pole, further inhibiting 
evaporation. Ice will thus tend to accumulate in non-polar 
regions 

The thickness of ice that could accumulate at low latitudes 
and the fraction of the obliquity cycle during which it would 
be stable depends on the amount of ice available at the poles 
and the range of the obliquity variations. Before the formation 
of Tharsis the mean obliquity was as high as 35? and the peak 
value as high as 45? (ref. 24). During the highest obliquities of 
this epoch, 2 km of ice could be removed from the poles in 
<10* yr to form ice deposits tens of metres thick in the non-polar 
latitudes, if that much polar ice is available. Ice may have 
returned to the poles only at minimum obliquities. During most 
of Mars' history, however, obliquities ranged from 15 to 35? 
(refs 24, 25). Net accumulation of ice in non-polar areas is then 
likely only at peaks in the obliquity cycle, and removal of as 
much as 2 km of ice from the poles is unlikely. The polar layered 
deposits could, however, be extensively reworked, as is sug- 
gested by the scarcity of superimposed impact craters???. 
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Meltwater from the ice deposits may have contributed to the 
erosion of the branched valley networks. For melting tem- 
peratures to be reached at the surface by greenhouse warming, 
atmospheric pressures near 1 bar are required”®. However, melt- 
ing of snow or ice does not necessarily require surface tem- 
peratures to be above melting. The low thermal conductivity of 
snow and its partial transparency to sunlight can result in 
subsurface melting when surface temperatures are well below 
freezing". Thus, melting can occur in substantially thinner 
atmospheres than are required by the atmospheric greenhouse 
effect alone. Another appealing reason to invoke a mechanism 
that requires high obliquities to explain the valley networks is 
that most of the networks formed very early in Mars’ history’. 
At that time, the Tharsis bulge may not have reached its present 
size. As Tharsis grew, the maximum obliquities reached 
decreased, and as a result so did the efficacy of the equatorward 
transfer of water. Young valley networks are, therefore, rare. 

We thank R. W. Zurek, R. T. Clancy, R. M. Haberle, O. B. 
Toon and F. D. Palluconi for useful discussions. This work was 
supported by NASA grant NAGW-552 at the University of 
Colorado and by NASA work order W25,462 at the US Geologi- 
cal Survey. 
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In 1979, the year of the Global Weather Experiment, the atmos- 
phere and ocean of the monsoon region were particularly well 
observed. For this reason, the onset period of the monsoon, 11-19 
June 1979, was selected for international comparison of numerical 
prediction models’. Previous studies’ ^ have demonstrated that 
successful predictions for this period are difficult to achieve. I 
report here two examples of numerical predictions that highlight 
the role of sea-surface temperatures, namely a control forecast 
using climatological sea-surface temperatures and an anomaly 
forecast using more realistic (and warmer) surface temperatures 
specified for the eastern Arabian Sea. It is shown that the use of 
the more accurate sea-surface temperatures enables a better pre- 
diction of the development of a monsoon depression to be obtained. 
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Fig. 1 a, Sea-surface temperature for control forecast; b, sea- 
surface temperature for anomaly forecast; c, sea-surface tem- 
perature anomaly (b — a). Contour interval, 05 K. 


For these experiments, the 11-layer global atmospheric 
general circulation model? of the UK Meteorological Office 
was used with a horizontal resolution of 2? lat. and 3? long. The 
initial conditions for both forecasts were taken from the (level 
3B) analysis for 12.00 GMT on 11 June 1979 made by the 
European Centre for Medium Range Weather Forecasts 
(ECMWF) using data which had been collected for the Global 
Weather Experiment. The sea-surface temperatures were fixed 
throughout the 8 days of each forecast. The values in Fig. la 
were derived from a climatological average for the decade 1951- 
60; those for the eastern Arabian Sea in Fig. 1b were based on 
an analysis by Seetaramayya and Master’ for 8-15 June 1979. 
The difference chart (Fig. 1c) shows a maximum warm anomaly 
of 1.7 K in this region. К 

The onset of the monsoon is characterized by an increase in 
wind speeds at low levels over the Arabian Sea and the com- 
mencement of the rains along the west coast of India. Figure 
2a, b illustrates the changes in the wind field at the 850-mbar 
pressure level during the onset period. On 11 June the south- 
westerly jet had a maximumi speed of 14 m s^! a few degrees to 
the east of the Somali peninsula, and the main branch of the 
monsoon flow was still to the south of India (Fig. 2a). During 
the next 8 days the jet strengthened and extended eastwards to 
the southern tip of India. A depression formed on the northern 
flank of the jet and moved first north then west, allowing the 
monsoon westerlies to advance northwards to cover much of 
the Indian peninsula and bring the rains to the west coast. By 
19 June the maximum speed of the jet was 29 ms'! and the 
cyclonic vortex of the depression was near the Arabian coast 
(Fig. 2b). 

In the control forecast, the jet strengthened and extended 
eastwards more slowly than actually occurred, to give a 
maximum speed of only 24 m s^! by 19 June (Fig. 2с). A weak 
vortex developed in the correct location, but the model failed 
to intensify it and kept it stationary. The anomaly run produced 
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- a much better prediction of the intensification of the vortex and ^ increase the transfer of heat and moisture from the ocean into 
moved it northwestwards. By day 8, 19 June, the centre was at the atmosphere. Initially the increases are quite small, but after 
approximately the right latitude but —5? too far.east (Fig. 2d). 8 days the differences between the anomaly and control runs 
The jet strengthened more than in the control integration, giving (Fig. 3a, b) show maxima of 54 W m^? for the sensible heat flux 
a maximum speed of 29 m s^!. | ` and 16mm рег day (460 W тг?) for їһе.га{е of evaporation. 

The direct effect of increasing the sea temperatures is to The higher values in thé anomaly forecast are consistent with 








Fig. 2 Wind vectors and isotachs at 850-mbar pressure level (ms~'). a, ECMWF analysis for 12.00 GMT 11 June 1979; b, ECMWF analysis 
for 12.00 GMT 19 June 1979; c, control forecast for 12.00 GMT 19 June:1979; d, anomaly forecast for 12.00 GMT, 19 June 1979. . 
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Fig. З Anomaly forecast minus control forecast for 12.00 GMT 19 June 1979. a, Upward sensible heat flux from surface (W m ?); b, rate of 
evaporation from surface (mm per day); c, rate of precipitation (mm per day); d, vector wind at 850-mbar pressure level (m 5'). 
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estimates of the fluxes for the onset period made from ship 
observations. The changes in surface fluxes induce a substantial 


increase in precipitation. Figure 3c shows a maximum local ' 


increase of >65 тш рег day after 8 days. This increase in 
precipitation is sustained partly by the increase in evaporation 
but mainly by increased moisture convergence. The additional 
latent heat released into the atmosphere is equivalent to a 
vertically averaged heating rate of around 16 K per day. This 
heating is compensated by adiabatic cooling associated with 
increased ascent. The response of the low-level wind field to 
these changes 1s shown in Fig. 3d. The main effect is confined 
to the Arabian Sea, with an asymmetrical cyclone centred to 
the north of the heating zone; the strongest flow is the westerly 
directly over this zone, and weak easterlies are induced to the 
south-east. 

Figure 3d is qualitatively similar to Gill's'" " solutions for the 
response of a simple linear model to prescribed heating north 
of the Equator. The vertical structure of the response to the 
increased sea temperatures is also similar to that imposed in 
Gill’s model. The vertical velocity shows a single peak in mid- 
troposphere and the flow in the upper troposphere is anticyclonic 
above the low-level cyclone This correspondence suggests that, 
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in the general circulation model, the latent heat release is the 
critical factor in promoting the changes in the flow, although 
the mechanism is not simple. A positive feedback cycle 1s operat- 
ing, whereby the increase in latent heat release leads to increased 
ascent and more maisture convergence at low levels. The ascent 
causes increased cyclonic flow at low levels, as in the simple 
model, and the stronger wind increase the surface fluxes of heat 
and moisture. These effects collectively lead to more precipita- 
tion, completing the cycle. 

A much better prediction of the development of a monsoon 
depression over the Arabian Sea was obtained by specifying 
more accurate sea-surface temperatures in the region where the 
depression was formed. The strengthening of the low-level jet 
and the northward movement of the monsoon rains along the 
west coast of India were also greatly improved in the forecast 
with the warm anomaly. These features make this prediction 
the best yet achieved for the onset of the monsoon in 1979. The 
results have clearly indicated that correct sea-surface tem- 
peratures can be essential for accurate numerical weather predic- 
tion for the tropics. 
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Age determinations of impact-produced materials in brecciated 
meteorites" are particulary important for understanding the 
evolutionary history of meteorites. The age characteristics of these 
meteorites have been examined mostly by the K-Ar method or, in 
a few cases?, by the Rb-Sr method. However, age data are still 
rare and, except for a few cases), the large-ion lithophile (LIL) 
trace-element chemical features have not been studied in detail. 
In this respect, the Yamato-79 shocked meteorites are the best 
specimens for investigation. We report here results of Rb-Sr 
systematics and trace-element analyses for an almost wholly 
impact-melted LL-chondrite, Y-790964, one of the Yamato-79 
unusual chondrites. The analyses yield an internal isochron age 
of 1,200+ 50 (20) Myr. The isotopic and trace-element data 
obtained represent the first clear evidence of the youngest impact- 
melting and LIL-element fractionations for a complete LL-chon- 
drite, and suggest that the 1,200-Myr-age is a non-trivial marker 
in the evolution of meteorites. 

The meteorite, originally weighing 3.3 kg, has a porous and 
microcrystalline texture with euhedral, chemically zoned 
pyroxene and olivine and minor relic chondrules**, and has а 
similar major-element composition to that of normal LL-chon- 
drites, Two whole rocks from the different portions (A and B) 
and eight mineral separates from portion A of the meteorite 
were examined for Rb-Sr systematics, rare-earth elements 
(REE), Ba, Sr, Rb, K, Mg, Fe and Ca abundances (Tables 1-3). 
The trace and major elements were determined using the mass 
spectrometric isotope ; dilution method similar to that of 
Nakamura’ or using an electron probe microanalyser. In 
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additon, major-element compositions in the constituent minerals 
were analysed for a thin section of the bulk meteorite by an 
electron probe. Totz! blanks for all chemical processes were 
0.02 ng for Rb and 0.08 ng for Sr, corresponding to «0.296 of 
the respective elements in most samples except for analyses of 
the 1 M НСІ leached fraction F2-MS. The Rb-Sr data (Table 
3), after corrections of the blank, are, in general, quite accurate. 
Details of our experimental procedures will be published else- 
where’, 

The results for the bulk samples show that abundances of 
major, minor and trace elements are almost within the range of 
those in normal LL-chondrites. However, note that two REE 
patterns, normalized to the average of six normal LL-chondrites, 
are similar, high and slightly upwardly convex with small nega- 
tive Eu anomaly, and that abundances of Ba, Rb and K are 











Table 1 Elemental abundances in the Yamato-790964 LL-chondrite 
and the average of LL-chondrites 
Yamato-790964, 74 
Average of 
Element Whole rock A Whole rock B LL-chondrites 
Mg (96) 147+0.1 1612005 15 29* 
Ca (96) 1.53 +0.01 1.422 0.01 125* 
K 122023 890+ 5 9001 
Rb 3.67 x 0.01 2.63 + 0.05 251 
Sr 12.09 + 0.02 11.8+0.1 112t 
Ba 3.35 x 0.01 5.45 + 0.05 3.32 
Іа 0.348 + 0 003 0.378 + 0.02 0331 
Ce 0.923 = 0.008" 1.022: 0.02 0.865 
Nd 0 695-0 005 0 753 + 0.003 0 623 
Sm 0.223 + 0.002 0.243 + 0.003 0.200 
Eu 0 0794 x 0.0010 0.0883 +0 005 0.080 
Gd 0 306: 0 005 0.326 x 0 003 0.274 
Dy 0.346 + 0.006 0.396 + 0.003 0.338 
Er 0.236 + 0.006 0.257 + 0.002 0.226 
Yb 0.228 + 0.004 0.256 + 0.003 0.232 
Lu 0.0359 + 0.007 0.0390 x 0 006 0.0358 


Abundances are expressed in p.p.m. unless otherwise stated. 

* Refs 22, 23 

t Estimated from frequency distributions using data obtained in this 
work and from refs 9, 24. Ba and REE abundances are from refs 8, 25 
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Fig. 1 Trace-element abundance pattern of the Yamato-790964 
LL-chondrite. Abundances are normalized to the average of normal 
LL-chondrites. Note that most of the elemental abundances in the 
meteorite are within the range of normal LL-chondrites but show 
systematic fractionations in REE, Rb and K from those of normal 
chondrites WR-A (©) and WR-B (6) are whole-rock samples 
from portions À and B, respectively. 


rather variable. A similar trace-element feature has been found 
for other Yamato-79 unusual meteorites? The variable distribu- 
tions of alkali metals in LL-chondrites have also been reported 
for other non-Antarctic LL-chondrites??", 

A thin section of the meteorite reveals a heterogeneous distri- 
bution of numerous vesicles (covering ~20% in the total area) 
and brown glass or microcrystalline materials (~5% in the area) 
associated with vesicles. Euhedral, chemically zoned pyroxene 
(EngoFs2,Wo, at the соге, En, ,Fs,;Wo3g, at the rim) and 
homogeneous olivine (Fa;5Wo;,) exist within the glass and/or 
microcrystalline matrix. The glasses show variable chemical 
compositions, ranging from 50 to 85% of normative Na-rich 
plagioclase (An30-An10); SiO; = 45-61, ALO; = 23-30, TiO; = 
0.2-5, ҒеО = 0.6-6.5, MgO=0.2-1.6, CaO=2-7.6, Na,O= 
4-6.5, K,0 = 0.1-0.2%. We could not recognize any particular 
clast but noted minor relic (radial pyroxene or barred olivine) 
chondrules and rounded troilite-like opaque minerals in metal 
grains in some areas. The general petrological features suggest 
that the meteorite was once heated beyond the metling point of 
metal/troilite, reaching the melting points of silicate minerals 
(1,200-1,400 °С)! within a short time, and that melting and/or 
metamorphic recrystallization ensued for the whole stone, fol- 
lowed by rapid solidification. 

These chemical and petrological features suggest that the 
observed variations 1n absolute abundances of REE, Ba, Rb 
and K inthe bulk samples are due to heterogeneous distributions 
of glasses which may carry high and variable LIL trace elements. 
The value of ~10% for the negative Eu anomaly in both bulk 
samples suggests that the meterorite was related to plagioclase- 
controlled partial melting. For example, assuming 10-20% 
equilibrium partial melting of plagioclase + pyroxene (+olivine) 
in an LL-chondritic source, segregation of the melt from the 
source and addition (~10%) to a typical LL-chondrite, we 
would obtain 1.2-1.3 times LL-chondritic REE abundances with 
10-15% negative Eu anomaly, which is similar to those of the 
bulk samples. Hence, the meteorite could represent an impact- 
produced partial melt that was removed from its point of origin 
and which assimilated unfractionated material before recrystal- 
lization. 

In Table 3, except for the leached fraction, the olivine-rich 
fractions generally have larger "Rb/*6Sr ratios while the less 
olivine-rich and more pyroxene-rich fractions have the smaller 
V'Rb/36Sr ratios. However, the 1 M HCl-leached fraction (F2- 
MS) with highest normative olivine composition unexpectedly 
shows the lowest ""Rb/*6Sr ratio, although the Rb and Sr con- 
centrations are reasonable. There is no obvious explanation for 
this, but it 1s possible that low Rb/Sr component(s) were added 
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Еїр.2 ""Rb-"'Sr evolution diagram of the Yamato-790964 LL- 

chondrite. Note that data points form roughly an array but show 

some deviations from the regression line, suggesting the Rb-Sr 

isotopic system of the meteorite was almost but not completely 
reset by the 1,200-Myr-melting event. 


to the fraction by dissolution (~18%) of the microcrystalline 
materials. Some minor irregularities of the Rb/Sr system are 
also noted among other mineral separates, indicating complex 
effects of Rb-Sr-rich components such as glass on the Rb-Sr 
systematics of'the meteorite. Nevertheless, the relatively large 
spread of *"Rb/*6Sr ratios obtained here, ranging from 0.18 to 
1.4, is interesting. 

In an *Rb-P'Sr evolution diagram (Fig. 2), all the data points 
obtained roughly show an array. However, the data point of 
whole rock B deviates markedly from the general trend. Exclud- 
ing whole rock B, nine data points define a best-fit linear 
regression line, which yields an age of 1,197 + 54 (20) Myr and 
an initial *"Sr/*6Sr ratio of 0.73160+ 0.00028 (2с). Despite a 
large range of values of ®’Sr/*°Sr among the mineral separates, 
the errors in age and initial ratio obtained here are large. This 
is apparently caused by dispersion of some data points beyond 
analytical uncertainties, as shown in the inset to Fig. 2. Note 
that three samples (F2-MS, F2-MR and F-HL1) were treated 
with «1M НСІ and Clerici's solutions for mineral separation 
and washing. Although there are minor analytical problems with 
these samples a close examination of the analytical data suggests 
that a possible selective leaching of Rb to Sr is not too serious. 
Also we must consider the potential importance of a weathering 
effect on the trace-element behaviour in Antarctic samples’! 
when evaluating such problems. However, since the specimens 
analysed in this work were sampled from the inner part of the 
meteorite and appeared quite fresh under the binocular micro- 
scope, the observed isotopic disturbances are considered to be 
real Specifically, deviations of data points of whole rock (WR) 
A, B and Е1-М are the most significant. 

Because the weighted mean ratios of *’Rb/®*Sr and °’Sr/*°Sr 
of mineral separates are similar to those of whole rock A, this 
rock may roughly represent portion A of the meterotie in terms 
of Rb-Sr systematics, but not necessarily the total meteorite. 
Note that the Rb/Sr data of whole rock A (8ВЬ/8%г = 0.881), 
as well as those of whole rock B (®’Rb/*°Sr= 0.629), fall off 
significantly from the 4,500-Myr evolution line, suggesting that 
the meteorite was subjected to severe Rb/Sr fractionation at the ' 
time of the 1,200-Myr thermal event. Assuming a two-stage 
evolution, formation of the meteorite parent body with the same 
initial ®’Sr/*°Sr ratio as the Allende meteorite (bias-adjusted 
value = 0.69884)? at 4,500 Myr ago, and Rb/Sr fractionation at 
1,200 Myr ago, the 'Rb/*SSr ratio of the meteroite at the time 
of formation is calculated to be 0.67. This value is 24% smaller 
than that of whole rock A but is similar to the *"Rb/9SSr ratio 
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Table 2 Major element and estimated mineral composition for specimens from the Yamato-790964 LL-chondrite 








MgO FeO 
Sample (%) (%) 
Whole rock 
WR-A Chip from portion A 24.4 — 
WR.B Chip from portion B 27. — 
Mineral separates from portion A 
«300 mesh 
Fine Suspended in acetone БЕ — 
FI-LM Less magnetic 21.8 18.1 
F1-M Magnetic 25.1 22.4 
300« «200 mesh 
F2-LM Less magnetic 25.2 18.1 
F2.MB Magnetic (bulk) 27.5 224 
F2-MR Magnetic (residue)* 21.8 14.5 
F2-MS Magnetic (leached)* 31.4 27.8 
F2-MM More magnetic 26.3 22.8 
.F-HL1  Density-separatet 31.3 26.4 


CaO Ol Opx Cpx Gls Other 
(%) (%) (%) (%) (%) (%) 
2.14 

2.00 

3.23 25 18 35 5 17 
1.57 54 i1 п 7 17 
3.52 28 25 37 5 5 
1.51 63 8 li 3 15 
3.37 it 37 35 il 6 s 
0.34 (83 = = =O 18) 
1.63 56 12 10 5 17 
0.93 





Major elements were determined by an electron probe microanalyser for 100-300 grains from the mineral separates except for samples of WR-A, 
WR-L, F2-MS and F-HL1, which were analysed by isotope dilution. Mineral compositions were estimated from the distribution of the major-element 
composition for each grain. Ol, Olivine; Opx, orthopyroxene; Cpx, clinopyroxene; Gis, glass; other, microcrystalline materials + metal + troilite; 

* Soluble (F2-MS) and insoluble (F2-MR) fractions obtained by leaching F2-MB with 1M НСІ for 80h. at room temperature. 

t Separated by Clerici's solution (3.37 < density < 3.45 g cm^?) and washed with dilute НСІ before analysis. 


of most LL-chondrites"^^, Therefore, we suggest that the 
meteorite had a typical LL-chondritic Rb/Sr ratio between 4,500 
and 1,200 Myr and that an enrichment of Rb relative to Sr 
occurred 1,200 Myr ago. Such a Rb/Sr fractionation is in accord- 
ance with the melting-assimilation model deduced from the 
REE data mentioned earlier, and is also consistent with the 
trace-element data for the associated meteorites?. However, the 
inconsistent behaviour of Rb/Sr with the REE which is observed 
for whole rock B, and the lack of complete isotopic equilibration 
of both whole rocks (A and B shift to the left of 1,200-Myr 
isochron) indicate that the effects of the 1,200-Myr thermal event 
on the Rb/Sr systematics of the meteorite were very complex. 
Considering such isotopic evidence, together with the REE, Ba 
and K data, we suggest that the chemical and petrological 
characteristics of the meteorite are best explained as the result 
of intense impact(s) which yielded partial melting and assimila- 
tion of the regolith on the LL-chondrite parent body 1,200 Myr 
ago. 

It is interesting that the 1,200-Myr age obtained for the 
Yamato-790964 meteorite is the youngest so far reported for 
impact-produced lithic materials in brecciated meteorites. Most 
such meteorites show significantly older ages (73,400 Myr)! '^ 





Table 3 Results of Rb-Sr analyses for the whole rocks (WR) and 
mineral separates from the Yamato-790964 LL-chondrite 





Weight Rb Sr 
Samples (mg) (р.р.т.) (p.p.m.) ®’Rb/*Sr 8751/86; 
WR-A 52 3.669 12.09 0.881 0.747205 + 128 
WR-B 50 2.559 11.82 0.6285 — 0.743553: 53 
Fine 48 3.229 12.02 0.7802 0.745024 + 32 
Fi-LM 12 1.517 10.10 0.436 0.739087 + 59 
ЕМ 76 3.475 11.19 0.902 0.746516 + 44 
F2-LM 21 2417 10.28 0.598 0.741913 + 30 
F2-MR 29 7.046 26.33 0.777 0.744918 + 32 
F2-MS 75* 0.0433 0.705 0.178 0.734080 + 250 
F2-MM 54 4471 13.20 0.9178 0.747503 + 50 
F.HLi1 51 2.297 4.90 1.363 0.754679 + 68 
NBS 987 standard (mean of 10 runs) 0.710212+ 217 





Isotopic analyses were carried out at Okayama University using a 
mass spectrometer model MAT-261. Precisions for "Rb/*5Sr are esti- 
mated to be better than 0.8% except for the F2-MS. *’Sr/*°Sr ratios are 
normalized to *°Sr/**Sr = 0.1194. Errors correspond to last digits and 
are at the 95% confidence limit. 

* Calculated weight which contains 10% uncertainty. 

+ Ratio is in agreement with our previous analysis!”. 





with the exception of the H-clast in the St Mesmin LL-chondrite 
which shows a 1,400-Myr K-Ar age". Moreover, except fo 

SNC meteorites, the Yamato-790964 LL- chondrite would be th 

first complete stone to show the latest crystallization age. 

Because no chemical and petrological similarities seem to 
exist between the LL-related chondritic material mentioned 
above and SNC meteorites, a possible genetic relation between 
the two may be ruled out. The 1,300-Myr age obtained for SNC 
meteorites'®-! has been explained as a crystallization age whic! 
marks extensive volcanic activity on a well-differentiated plane 
such as Mars^??!, On the other hand, the 1,200-1,400 Myr agi 
obtained for the y- 790964 and St Mesmin meteorites is inter 
preted as signifying a time of strong impact activity on t 
LL-chondrite parent. body (asteroidal planet). How are these 
facts related? We are increasingly puzzled that all the majo: 
young perturbing events observed for meteorites have an ар 
close to 1,200- ~ 1,400 Myr. As the number of results increases 
one should examine whether this is a real effect of a majo: 
impact-related event on meteorite parent planets or a sampling . 
bias. In the former case, like the 4,000-Myr lunar cataclysm 
one should look for collision and storage processes lasting fo 
billions of years. 

In any case, in view of the large amount of the similar types: 
of meteorite found in the Yamato Mountain area, Antarctica, | 
we suggest that the 1,200-Myr age obtained here is a non-trivia 
marker in the evolution of meteorites. 
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the meteorite specimen and for the loan of the thin section, Di 
H. Takeda for information on impact-melted meteorites, Pro 
fessor H. Honma for use of the mass spectrometer and electron 
probe microanalyser, Professor H. Goto for cooperation, and 
Dr J. Е. Minster for helpful suggestions. О.О. thanks Professo: 
K. Ito for support and encouragmeent. Mrs H. Wada typed the: 
manuscript. This research was supported, in part, by Grants ї 
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K. Nakazawa). 
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Melting of peridotite to 14 GPa 
and the genesis of komatiite 


Eiichi Takahashi & Christopher M. Scarfe* 


Institute for Study of the Earth's Interior, Okayama University, 
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Jt is generally accepted that the Earth's upper mantle is made of 


peridotite'7. In volatile-absent conditions, partial melting of 


mantle peridotite close to the solidus yields a variety of basaltic 


‘melts that are progressively more olivine-normative with increasing 


depth". At 3-4 GPa (30—40 kbar), the highest pressures so far 
investigated, the melts are picritic with up to 20 wt% MgO (ref. 5). 


 Basaltic magmas that are dominant on the Earth's surface today, 
therefore, are considered to have been generated at relatively 


shallow depths (< 100 km)'*. Here we extend the pressure range 
f the melting experiments to 14 GPa and show that melts close 
0 the peridotite solidus at 5-7 GPa are no longer basaltic but 
re komatiitic with 230 wt% MgO. Based on these results, we 
escribe a model for the genesis of komatiite magmas by partial 
melting at depths of 150—200 km in the Archaean upper mantle. 
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The starting materials for the experiments were two Iherzolites 
(Table 1). KLB-1 is a protogranular spinel lherzolite from 
Kilbourne Hole’, New Mexico, and PHNI611 is a sheared 
garnet lherzolite from Thaba Putsoa®, Lesotho. Both may rep- 
resent undepleted mantle material and are close to pyrolite-III? 
in composition. Garnet lherzolite PHN1611 has been previously 
investigated at pressures «3.5 GPa (refs 10-13). 

Crushed powders (<5 рт) were dried at 1,000 °C atthe NNO 
(Ni-NiO) buffer. Wire loop experiments'* were performed at 
latm in a controlled CO,-H, atmosphere close to the NNO 
buffer. Experiments at 1.5 and 3 GPa were carried out with a 
piston-cylinder apparatus'* using а 0.5-inch talc-Pyrex 
assembly. Run conditions, methods and procedures are similar 
to those described in ref. 5. 

At 5 GPa and above, a split-sphere apparatus!^ at Okayama 
University was used. Up to 7.5 GPa, a graphite furnace assembly 
was inserted into a pressure medium of semi-sintered MgO in 
the shape of an octahedron with an 18-mm edge length. Above 
7.5 GPa, LaCrO, was used as the furnace element in a 14-mm- 
edge octahedron of MgO (Fig.1a). Temperatures were 
monitored with W- Re thermocouples and have uncertainties of 





* Permanent address; Department of Geology and Institute of Earth and Planetary Physics, 
University of Alberta, Edmonton, Canada T6G 2E3. 


b 





Fig. 1 a, Cross-section of the MgO pressure medium with the furnace assembly, thermocouple and sample in place. This design was used at 

pressures 77.5 GPa; below 7.5 GPa a graphite furnace with a fired pyrophyllite sleeve was used. b, Back-scattered electron image of the charge 

from an experiment at 7.5 GPa and 1,900 °C. The melt (now consisting of white areas of iron-rich quench pyroxenes) occurs in pockets between 

olivine (large dark grains) and garnet (small grey grains). c, Back-scattered electron image-of the charge from an experiment at 5 GPa and 

1,800 °С, The segregated melt is seen at the top with coexisting olivine crystals below the interface. The melt region shows abundant 
well-developed quench olivine and pyroxene. Scale bars in b and c, 10 um. 
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Fig. 2 Phase diagram for еда KLB-1. Results from 1 atm 

and. piston-cylinder experiments indicated by small squares; 

results from split-sphere experiments indicated by larger squares. 
a, ‘Subsolidus: K, канак C superliquidus. 


+50 °С due to the temperature gradient within the furnaces!” 
5v Pressures were calibrated at several fixed points at room tem- 

25 perature [Bi(1-1), В(їїї-у) and Pb(i-11)] and at high tem- 
peratures (quartz-coesite, fayalite-y spinel, coesite-stishovite 
and forsterite- 8 spinel). Uncertainties in pressures are estimated 
to be <0.05 GPa up to 3 GPa, and 0.5 GPa above 3 GPa. Experi- 
ments above 5 GPa were typically 10 min in duration. 

Figure 2 shows the solidus and liquidus curves for KLB-1. 
At 1 atm the partial melt region is ~600 °C, whereas it contracts 
to ~100°C at 10 GPa as predicted by Herzberg". Olivine is in 
the liquidus phase at all pressures. The second liquidus phase, 
however, changes with increasing pressure: chromian spinel 
э Сат), Ca-poor orthopyroxene (0.5-3 GPa), pigeonitic 
«clinopyroxene (3-5 GPa) and pyrope-rich garnet (5-11 GPa). 

. Figure 1b shows the distribution of melt coexisting with olivine 
and garnet in an experiment at 7.5 GPa and 1,900 ?C. The melt 
is confined to small isolated pockets in triple junctions between 
the crystals. Figure 1c shows melt, which has segregated from 
the matrix, coexisting with olivine only at 5 GPa and 1,800 *C. 
In experiments using the split-sphere type apparatus, segrega- 
tion of the partial melts during short runs was probably due to 
the thermal gradient and/or stress gradient in the furnace assem- 
blies. 

The chemical compositions of partial melts formed within 
50*C of the dry solidus are shown in Table 1. To avoid the 
modification of melt compositions, during quenching*'?, only 
segregated partial melts were chemically analysed. Because high- 
MgO melts do not quench to a glass, but crystallize with well- 
developed spinifex textures (Fig. 1c), a defocused electron beam 
was used for their analysis and the compositions of quench 
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crystals in an area >100 um were averaged. The melts become 
increasingly MgO-rich or olivine-normative as pressure 
increases, and all melts formed above 5 GPa may be classified | 
as peridotitic komatiite in terms of their high MgO content and 
the chondrite-like abundance of CaO and ALO, (refs 20, 21) 
Melts near the solidus at ~5 GPa contain ~30 wt% MgO and 
are very close to the primary komatiite magma composition 
estimated by Arndt et al.” (Table 1). 
Preliminary resuits for PHNI611 are similar, although 
because of lower MgO/FeO and higher Ма,О+ К.О content 
the solidus is displaced to slightly lower temperatures, Wh 
compared at the same pressure (Р) and temperature (T), partia 
melts from PHN1611 are enriched in FeO and higher. in 
СаО/ АО, than those from KLB-1 (Table 1). 
The origin of komatiite magmas has been discussed by several 
authors*^"7*, Komatiite has an unusually high liquidus tem. 
perature (>1, 650 °С)?” at atm and at low pressures, А ve 
high degree of partial melting (50-70% ) of peridotite is requir 
to form a komatiitic liquid? 2133 Both theoretical"? апа expe 
mental observation? indicate, however, that partial melt wil 
segregate from the peridotite matrix instantly when the degr 
of partial melting exceeds a critical value which lies between 
10 and 30 vol.%. Thus, it is unlikely in static conditions that a 
very high degree of partial melting can be achieved within th« 
Earth. 
A multistage melting model has been proposed by Arndt? in 
which komatiitic magma is formed i in à rising diapir after severa 
cycles of partial melting and melt extraction. The possibility.o 
catastrophic magma genesis induced by impacts of large 
meteorite bodies has also been proposed”. Furthermore, a deep 
seated magma ocean in the Archaean mantle has been invoked 
to explain komatiite petrogenesis. 
On the basis of the present experimental results, we propose 
a simple model (Fig. 3) for the derivation of komatiite magm 
by partial melting of a rising peridotite diapir as it intersect: 
the mantle solidus at a depth of 150-200 km (path А-В). Becaus: 
initial melts at these depths have komatiitic compositions, it i 
possible that komatiitic melts segregate and ascend to the surface 
(path B-C) before the degree of partial melting of the sourc 
region reaches a high percentage. Similar models have been 
proposed for the genesis of picritic (path D- E-F) and basalti 
(path G-H-I) magmas at shallower depths and the possibilit 
of komatiite magma generation by partial melting of garne 
peridotite at very high pressures (25 GPa) has already been 
proposed*”**. 
Because melts of komatiite composition are among the highes 
temperature magmas known, they may be derived from the 
deepest levels of magma generation. These depths may be limited 


































































Average peridotitic 





Starting materials Peridotite partial melts komatiites 
P (GPa) оао" И! 3.0 5.0 6.0 6.0* 70 
KLB-1 PHNI611  Pyrolite T CC) 1,200 1,550 1,700 1,850 1,850 1,800 MgO>30wt% — «30 wt% 
510, 44.48 44.54 45.20 542 46.9 47.2 46.3 45.8 48:0 44.9 46.0 
TiO; 0.16 0.25 071 0.65 0.92 0.15 0.18 0.38 0.11 0.19 0.32 
АО, 3.59 2.80 3.54 15.1 11.0 5.1 4.8 4.5 37 53 14 
FeQit) 8.10 10.24 8.47 5.6 7.8 93 89 114 7.8 10.4 11.5 
MnO 0.12 0.13 0.14 0.09 0.20 0.12 0.17 0.20 0.13 0.18 0.22 
MgO 39.22 37.94 37.48 8.4 19.2 313 32.9 313 35.3 33.6 26.5 
Сао 3.44 3.32 3.08 12.3 12.2 4.8 44 4.6 34 5.0 74 
Na;O 0.30 0.34 0.57 2.05 1.20 0.49 0.46 0.52 0.26 0.35 045 — 
ко 0.02 0.14 0.13 ND ND ND ND ND ND 0.08 0.10 
P05 0.03 ND 0.06 ND ND ND ND ND ND ND ND 
Cro, 0.31 0.29 0.43 0.14 0.43 0.46 0.41 0.37 0.41 0.26 0.39 
NiO 0.25 ND 0.20 ND ND ND ND ND ND 0.02 0.01 
Total 100.02 99.99 100.01 98.5 99.9 98.9 98.5 99.1 98.8 100.28 100.29 
Fo% 89.9 92.6 94.1 94.4 92.8 => 
Kp( Fe/Mg) 3." 0.30 0.35 0.38 





current of'2.0 x 10 * A and counting times of 40-70 s. 
* Peridotite partial melt formed from PHNI1611. 





"Analysis for KLB-1. by Н. Haramura. Compositions of PHN1611, pyrolite-111 and periodotitic komatiite are from refs 8, 9, 22. Partial melts were analysed by EPMA 
(electron probe microanalyser) using a defocused 50- ьт beam diameter: the coexisting olivines were analysed using a focused-beam, 15-kV accelerating voltage, beam. 
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Fig. 3 Diapiric model for the generation of komatiite magma at 
depths of 150-200 km. 


bythe density crossover between komatiite melts and coexisitng 
residual mantle solids?*??, Komatiite magmas are not common 
in the Phanerozoic^', presumably either because the temperature 
the Archaean upper mantle was higher than in more recent 
eological time, or because diapirs originated from greater 
epths in the Archaean. 

‘This work was supported by grants 58460042 and 59540525 
om the Ministry of Education, Science and Culture of Japan. 
M.S. acknowledges financial support through a fellowship 
om the Japan Society for the Promotion of Science. A sample 
f PHN1611 was supplied by Dr F. R. Boyd of the Geophysical 
aboratory, Carnegie Institution of Washington. Critical com- 
ents on the manuscript by Professors I. Kushiro, T. Fujii and 
; T. Herzberg were greatly appreciated. The Institute for Study 
f the. Earth's Interior was formerly the Institute for Thermal 
pring Research. 
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Exposure of high-alumina zeolites to sodium metal vapour pro- 
duces coloured centres'" which have been associated with the 
formation of ionic sodium clusters, located in the zeolite cages. 
To form these centres, excess alkali metal is required, which 
contaminates the reaction vessel and makes the system unsuitable 
as a heterogeneous catalyst. The pioneering work of Pines in the 
area of basic catalysis on sodium metal deposited on alumina 
implies that ionic clusters in zeolites should exhibit interesting 
catalytic properties, but there have been no reports of such activity 
because the procedure yields a material which is difficult to repro- 
duce. Here we present a new method for the preparation of such 
clusters in zeolites, consisting of the impregnation of a dehydrated 
zeolite with alcoholic solutions of sodium azide, followed by the 
controlled decomposition of the azide. As demonstrated by elec- 
tron-spin resonance (ESR) spectroscopy, ionic sodium clusters are 
formed in the zeolite pores. These clusters exhibit catalytic proper- 
ties in both isomerization and hydrogenation reactions of alkenes 
and alkynes. We believe that this represents the first realistic 
method for the preparation of alkali metal clusters in zeolites as 
well as the first catalytic characterization of such systems. 

In the present experiments we set out to develop a reliable 
method for the preparation of ionic sodium clusters in zeolites 
and to determine the catalytic properties оѓ such material. The 
preparation method followed Fejes et al"? who reported that 
the residual acidity of Y zeolites, existing after cation exchange 
with Na* ions, could be neutralized on heating a physical 
mixture of the zeolite with small amounts of sodium azide 
(amounts up to 1.12 mmol of NaN, per g of zeolite Y were 
used). We found, however, that when increasing quantities of 
this product are impregnated on the zeolites A, X and Y using 
the specific procedure outlined below, this zeolite is turned 
gradually into a very efficient basic heterogeneous catalyst. 

Typically, to 1 g of NaY zeolite present in the form of powder 
or as 0.8- 1-mm agglomerates, and dried at 723 К under a flow 
of inert gas, was added under inert atmosphere a slurry contain- 
ing 3.85 mmol of sodium azide and 9.12 mmol of methanol. The 
volume of this slurry is just sufficient to fill the zeolite pore 
volume. This wet cake was transferred to an ESR cell or a 
tubular flow reactor. The water-free cake was first activated in 
situ at a temperature of 523 K and then at 673 K, while the 
system was continuously purged with an inert gas. In the tubular 
reactor, the following catalytic conversions were followed: 
geometrical and double-bond isomerization of cis-2-butene and 
hydrogenation of acetylene, benzene and cis-2-butene. The ratio 
of the product isomers iri the isomerization of cís-2-butene can 
be used as a criterion to determine whether the reaction is acid 
or base-catalysed*?- ^, 

Figure 1A illustrates how the isomerization activity of NaY 
first declines on addition and decomposition of increasing 
amounts of NaN,, and then increases. When an average of eight 
molecules of NaN, are impregnated per supercage of zeolite 
(3.85 mmol per g of zeolite Y), an activity pattern with two 
maxima is obtained (Fig. 1B). The catalysts with an activity 
maximum at low temperature have a bright-red colour and 
exhibit an ESR spectrum having 13 lines with g = 2.003 and 
а 3.35 € 0.10 mT (Fig. 2A). This spectrum has been ascribed 
to an ionic Naj* cluster". The cluster signal is accompanied by 
a single broad line at g = 2.078. This signal has not been reported 
in previous work and is, for the moment, assigned to large alkali 
*metal particles located in the zeolite supercages or at the outer 
surfaces of the zeolite crystals. On thermal. sintering, a single 
line at g —2.003 appears (Fig. 2B); this signal is close to that 

















> Fig de Isomerization of сіѕ-2- 
^ butene over dehydrated Маү 

vzeolites: A, impregnated with 
"increasing amounts of NaN,, using 
са volume hourly space velocity 

















:C(VHSV) of 36, and B, impregnated 
with 3.85 mmol of azide per g of 
zeolite at a VHSV of 100. a, The 
thermodynamically expected equili- 
brium conversion; 6, the isomeriza- 
tion activity of the parent NaY and 
its activity after addition of c 1.54; 
d, 2.88; and e or f, 3.85 mmol of azide 
per g of zeolite; g, after thermal treat- 
ment of f at 700 K ; h, after treatment 

_of f with oxygen at room temperature 
i and heating in an inert atmosphere 
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at 673 K. 


Pus тердей for bulk metal’. Extended sintering ultimately causes 
7 the disappearance of the signal ascribed to the ionic cluster. 
During this treatment, the broad line at g = 2.078 is unaffected 
while the isomerization activity varies in parallel with the 
intensity of the signal, ascribed to the existence of the ionic 
cluster. On exposure to oxygen of the red catalyst (at room 
temperature) its colour, low-temperature catalytic activity and 
the 13-line ESR spectrum vanish instantly. The disappearance 
of the other ESR signals requires longer exposure times. 

The initial 1- to trans-2-butene product ratios from cis-2- 
butene at low conversions are given in Table 1. The values of 


© these ratios increase in parallel with the amount of NaN, added 


= во zeolite Y. If the initial 1-butene to trans-2-butene ratios are 
22, the cis-2-butene isomerization is catalysed by basic 
sites®'*"'*, This behaviour confirms that on addition of increas- 
ing amounts of NaN, to NaY zeolite, residual acidity first has 
to be neutralized and eventually basic catalytic centres form. 
We associate this high base-catalysed activity with the presence 
of the ionic sodium clusters. The residual activity observed after 
exposure of the catalyst to oxygen is associated with the sodium 
metal particles located either in the supercages of the Y zeolite 
or at the external surface of the zeolite crystals. The presence 
of ionic clusters, as evidenced by the 13-line ESR spectrum and 
the high catalytic activity, is extremely sensitive to the presence 
of residual oxygen and water molecules. Therefore, the catalytic 
_ sites are definitely sodium clusters and not sodium oxide or 
^t hydroxide species which are dispersed in the zeolite cages. 

< The 13-line ESR spectrum was observed by Harrison et al? 
only for zeolites containing sodalite units on exposure to sodium 





Table 1 Initial ratios (В) of 1-butene to. trans-2-butene from 
cis-2-butene at low conversions (~1%) and low reaction tem- 
perature (325 K) 





Catalyst* | R 
a 0.05 
b 0.98 
c 0.837 
d 2.631 
e 8.65i 





* Catalysts of Fig. 1. Т VHSV = 36. t VHSV = 250. 
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Table 2 Hydrogenation activity of NaY zeolites containing initially 
3.85 mmol NaN, per g of zeolite 





Reaction 
. temperature 96 
à Reaction VHSV (K) Conversion 
"Hydrogenation butenes 125 348 36 
Hydrogenation acetylene 80 343 10 
Hydrogenation benzene 76 345 0 
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Fig.2 ESRsignals from dehydrated NaY after impregnation with 

3.85 mmol NaN, per g of zeolite and after subsequent thermal, 

activation (A) ot after sintering of A in an inert atmosphere at 
673 К CB). + 


metal. They concluded, therefore, that the sodium ionic cluster: 
are located in the hidden cages of these zeolites. At this sta: 
it is not clear how electron transfer from the hidden ionic clust 
to the butene molecules occurs, or how this view can be reco 
ciled with the high catalytic activity, but we have ample eviden 
that the high-base catalysed activity in the butene isomerizatior 
appears in parallel with these ionic clusters. 

Table 2 shows that the catalysts containing ionic clusters аг 
also able to hydrogenate butene and acetylene at non-negligibl 
rates, while benzene in the same conditions cannot be hydro: 
genated. Peculiar properties of these catalysts are: (1) 50%. 
the products obtained from cis-2-butene, are saturated (buta 
the other 50% are feed isomers. This indicates that hydrogen 
tion as well as isomerization occurs at comparable rates. 
Hydrogenation of acetylene оп these basic centres 18: higt 
selective as the ethylene/ ethylene + ethane ratio is close to 85 

When the NaN, method is used with zeolite X, an int 
blue colour, a 19-line ESR spectrum associated 
cluster! and a pronounced low-temperature cataly 
found. To a minor extent, this is also true for zeoli 


no colour is observed, nor is an ESR signal 
detected. Such samples also show no low-ten 
activity. 

In this respect, we have been unable to тер 
activity of mordenite containing only Na* iot 
reactions, as reported by Міпасћеу'°, These т 
either the ionic clusters are stabilized in the sodalite cages 
suggested by Harrison et al^, or they are not formed in high-silica 
zeolites, so the virtue of A, 'X and Y zeolites may be the close 











presence of several acid sites, due to the low Si/ Al ratio, which 
сап form a suitable counterion to the ionic cluster Naj*. In view 
of the latter possibility, it is no longer necessary to assume the 
presence of such clusters in hidden locations and direct contact 
of the reacting hydrocarbons is possible with these clusters. 

We have shown that on impregnation of appropriate quan- 
tities of NaN, into the high-alumina zeolites A, X and Y, and 
on its subsequent thermal decomposition in the specific condi- 
tions described, ionic sodium clusters are formed which exhibit 
typical basic catalytic properties at low reaction temperatures. 
. L.M. thanks NFWO-FNRS for a research grant, while Р.С. 
and P.J. acknowledge a research position from the same institu- 
tion. The present research is carried out in the frame of a 
‘concerted action on catalysis sponsored by the Belgian 
Government. 
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Novel pathway connecting 
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In many fish retinas, thin axons from the external horizontal cells 
xtend through the inner nuclear layer and expand into large 
erminal processes that lie along the border of the inner nuclear 
ind inner plexiform layers'. Although the horizontal-cell axon 
erminals are structurally very prominent, their function is 
inknown’. Here we report morphological and functional evidence 
hat signals from catfish (Ictalurus punctatus) horizontal-cell axon 
erminals can be transmitted directly to amacrine cells. Current 

injected into horizontal-cell axon terminals produces responses 
rom both transient and sustained amacrine cells very similar to 
hose elicited by light stimuli. Electron microscope observations 
how chemical synapses from the axon terminals onto amacrine 

cell perikarya and processes. These data suggest that amacrine 
elis in the catfish retina receive two inputs, one from bipolar cells 
nd the other from horizontal-cell axon terminals. 
For electron microscopy, standard fixation and staining pro- 
cedures were used’, Fourteen sets of serial sections (200-400 
Sections per set) from five retinas were examined. The horizontal- 
cell axon terminals are easily recognized in the electron micro- 

‘scope because of their size and the abundance of microtubules*. 
We observed typical chemical synapses made by the terminals 
onto postsynaptic elements in the inner nuclear layer and along 
the border of the inner plexiform layer. Approximately two- 
thirds of the postsynaptic elements were identified as amacrine 
cell processes or perikarya because they contained pale cyto- 

= plasm and scattered synaptic vesicles and, occasionally, made 

conventional synapses. Furthermore, serial section tracing did 















not reveal any synaptic ribbons in the postsynaptic elements, 
or processes associated with these elements which extended 
towards the outer plexiform layer. Figure 1 shows an example 
of a horizontal-cell axon terminal synapsing onto the cell body 
of a presumed amacrine cell in the inner nuclear layer. The 
synapse is characterized by an aggregation of round synaptic 
vesicles associated with increased density on both the pre- 
and postsynaptic membranes. A subsurface cistern frequently 
occurred along the postsynaptic site. One such synapse was 
found, on average, in each 60-рт> area of contact made by the 
horizontal-cell axon membrane with the amacrine cell perikarya 
and elements in the inner plexiform layer. We have so far 
observed a total of 18 such contacts, 2 on cell perikarya and 16 
on processes. 

For physiological experiments, extrinsic current was injected 
into horizontal-cell axon terminals in the eyecup preparation 
while recordings were made from amacrine cells. Two intracel- 
lular electrodes with tips separated by —0.4 mm were used; one 
electrode injected current into the horizontal cells while the 
other recorded responses from amacrine cells. In the catfish 
retina only one type of horizontal cell receiving inputs from 
cones has been reported; its perikaryal response shows a 
monophasic receptive field of —0.5 mm in halfwidth and its 
axon-terminal response shows a receptive field with a halfwidth 
of ~i тт (refs 5, 6). This difference in receptive-field size, 
which may be demonstrated by either a travelling or random 
bar of light®, enabled us to identify unambiguously the site of 
recording. Two types of amacrine cell response can be identified 
in the catfish retina; one type produces a sustained response 
and is referred to as sustained or type-N amacrine cell and the 
other produces a transient response and is termed transient or 
type-C amacrine cell". 

We performed current injection experiments in six retinas 
and observed that current injected into the horizontal-cell axon 
terminals always produced responses in both the transient (15 
pairs) and sustained (15 pairs) types of amacrine cells*"!?, 
Examples are shown in Fig. 2 in which responses from both 
types of cells were produced by both light and current 
injected into the horizontal-cell axon terminal. Records a and 
b were from a depolarizing sustained (type-NA) amacrine cell 





Fig. 1 Electron micrograph of cross-section of a catfish retina 

showing a synapse from a horizontal-cell axon onto the amacrine- 

cell perikaryon. Arrow, synapse; A, amacrine cell; HA, horizontal- 

cell axon; B, bipolar cell; IPL, inner plexiform layer. Scale bar, 

5 шт. Inset, high magnification of the synapse indicated by the 
arrow. Scale bar, 0.5 jum. 
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< Fig. 2. Responses recorded from sustained or type-N (a,b) and 
s transient or type-C (c,d) amacrine cells. The responses are typical 
“of catfish amacrine cells as reported previously”*. Responses were 
evoked by a current (I) pulse followed by a light flash, the approxi- 
mate timing of which is shown by the bar marked L. Quantitative 
analyses of latency of current or light responses have been 
described elsewhere?. The type-N cell shown is the depolarizing 
variant (type NA) but current injected into the horizontal-cell axon 
produced similar responses (with the. polarity of slow potential 
reversed) from the hyperpolarizing variants (type NB). Note that, 
in the type-N cell, the polarity of the current-induced slow poten- 
tials reversed when the polarity of current was reversed. Oscilla- 
tions were superposed on the depolarizing phase of the response. 
Some type-C cells produced oscillations as seen in c, d, but some 
did not. Calibrations apply to all records. 


7 whose light-evoked responses were characterized by an initial 
depolarizing transient followed by oscillatory wavelets. There 
was also a very large afterhyperpolarization at the cessation of 
illumination. A depolarizing current injected into the axon ter- 
minal (Fig. 2a) also produced a depolarizing response on which 
a few oscillatory wavelets were seen, whereas a hyperpolarizing 
current (Fig. 2b) produced a hyperpolarizing response with 
wavelets seen on the off-depolarization. Light-evoked responses 
from a transient (type-C) cell are shown in Fig. 2c, d. Шитіпа- 
tion elicited large on- and off-transient depolarizations with 
oscillations between, whereas depolarizing (Fig. 2c) and hyper- 
polarizing currents (Fig. 2d) both produced on- and off-transient 
depolarizations. 

There are three possible pathways by which the horizontal-cell 
axon terminals can communicate with amacrine cells: (1) via 
horizontal-cell perikarya which synapse onto the bipolar cells 
and then contact amacrine cells; (2) via horizontal-cell axon 
terminals synapsing onto the bipolar cells which contact ama- 
crine cells; or (3) via synapses directly onto the amacrine cells. 
The first and second possibilities seem unlikely because: (1) 
current (x40 nA) injected into axon terminals failed to evoke 
a response in bipolar cells (10 pairs), whereas current ( «10 nA) 
injected into horizontal-cell perikarya always evoked responses 
from bipolar cells (32 pairs); (2) current («40 nA) injected into 
the axon terminals produced only very small responses (0.7 mV) 
in the horizontal-cell perikarya (12 pairs)*; and (3) current of 
«10 nA injected into the axon terminals produced responses 
from the amacrine cells (Fig. 2). Furthermore, axon terminals 
have not been observed to synapse onto the bipolar cells in 
catfish, whereas synapses made by the axon terminals onto the 
amacrine cells have been found. 

We conclude that there are two independent pathways for 
signal transmission from the outer to inner plexiform layers in 
;:thecatfish retina. One is the established pathway through bipolar 

> cells and the other is a new pathway through the horizontal-cell 


| s "ахоп terminals. Two recent.anatomical studies have also iden- 
-tified synapses made. by horizontal-cell axonal processes in 


‘goldfish (ref. 11 and D. W. Marshak and J. E. Dowling, personal 
communication); hence such a synaptic pathway may not be 
unique to the catfish. 

Note that the current-evoked responses elicited in the ama- 
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crine cells have similar characteristics to those of the lig 
evoked responses, showing that complex responses such às. 
oscillations in the type-N cell and transient depolarizations in 
the type-C cell are produced when signals are transmittec 
directly from the axon terminals to the amacrine cells. Thi 
suggests that the complex responses of amacrine cells refle 
intrinsic properties of the cell and not the properties of. m 
specialized bipolar-amacrine cell synapses. us 
We thank John E. Dowling for his comments on the manu 
script. Part of this research was supported by NIH grant EY- 
10897. 
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The basal lamina in the synaptic cleft of the vertebrate skelet 
neuromuscular junction contains molecules that direct the forma- 
tion of synaptic specializations in regenerating axons and muscle 
fibres'-^. We have undertaken a series of experiments aimed at 
identifying and characterizing the molecules responsible for the 
formation of one of these specializations, the aggregates of 
acetylcholine receptors (AChRs) in the muscle fibre plasma mem- 
brane. We began by preparing an insoluble, basal lamin 
containing fraction from Torpedo californica. electric organ, 
tissue which has a far higher concentration of cholinergic synaps 
than muscle, and showing that this fraction caused AChRs o 
cultured chick myotubes to aggregate*’. A critical step is learni 
whether or not the electric organ factor is similar to the recepto 
aggregating molecule in the basal lamina at the neuromuscular 
junction. The importance of this problem is emphasized by repo: 
that clearly non-physiological agents, such as positively charg 
latex beads", can cause AChR aggregation on cultured muse 
cells. We have already shown that Torpedo muscle contains 
AChR-aggregating factor similar to that of electric orga 
although in much lower amounts. Here we demonstrate, usir 
monoclonal antibodies, that the AChR-aggregating factor in 0 
extracts of electric organ is, in fact, antigenically related to 
molecules concentrated in the synaptic cleft at the neuromuscular 
junction. 

A mouse was injected with 300 ug of an electric organ extract 
enriched >1,000-fold in AChR-aggregating activity’ and 
hybridomas were generated by standard procedures (see Table 
1 legend). To identify hybridomas that produced antibodies 
against electric organ material, we used indirect immunofluores- 
cence histochemistry and screened for antibodies that bound to 
formaldehyde-fixed frozen sections of electric organ. We then: 
tested the antibodies that stained electric organ for those that 
could immunoprecipitate the AChR-aggregating activity from 
our electric organ extract. Thus far, we have cloned two: E 








_hybridomas producing such antibodies. Both antibodies, 6D4 


гапа 2F6, also immunoprecipitated the activity in muscle extracts 
“апа blocked AChR aggregation when added to myotube cultures 
"together with either muscle or electric organ extract (Table 1). 

To determine the distribution of muscle antigens recognized 
by 6D4 and 2F6, formaldehyde-fixed frozen sections of Torpedo 
skeletal muscle were examined by immunofluorescence his- 

_ tochemistry. Figure 1 shows that 604 intensely stained the 
; neuromuscular junctions. Staining was also detected in the walls 

ОГ arteries and around individual pre-terminal axons, and there 

were occasional lightly stained patches at the extrajunctional 
surface of some muscle fibres (not shown). No other structures 
in muscle were labelled. Thus, the AChR-aggregating factors in 
our extracts of electric organ and muscle are antigenically related 

Чо molecules associated with more than one tissue component 
of muscle, but on myofibres, such molecules are concentrated 
at neuromuscular junctions. 

Sections of muscle labelled with 2F6 had a staining pattern 
similar to that of.6D4, suggesting that both monoclonal anti- 
bodies bind to the same antigens. However, 2F6 did not stain 
sections exposed to fixative for longer than 1 min, even at a 
100-fold greater concentration than that sufficient to stain = 

: nfixed tissue. Binding of 6D4, on the other hand, was not affected 
y our routine fixation; the titre required for staining was the 
ame for unfixed sections and sections fixed for 5 min. Thus, 

604 and 2F6 recognize epitopes which can be distinguished 

:from one another by their sensitivity to fixation. 

We are now performing experiments to determine whether 

antigens recognized by 604 and 2F6 at the neuromuscular 

junction are components of the synaptic basal lamina. As a first 
step, we checked the distribution of basal lamina in Torpedo 
muscle by staining cross-sections with an antiserum? against 
aminin, a common constituent of basal lamina sheaths. As 
xpected, basal lamina envelops the same structures in Torpedo 


m 
Table 1 Monoclonal antibodies block and immunoprecipitate 
ibaa “aggregating activity in extracts of electric organ and muscle 





Activity (96) 


Additions Immunoprecipitation Blocking 

Electric organ extract 

"control 100 x 12 100+ 13 

+6D4 -542 -2+2 

+286 23+5 9+0 
“Muscle extract 

+control 100+7 100+ 29 

+604 3+4 31+12 

+2F6 3+0 18+8 


A pH 5.5 citrate extract? containing 1-1.5 units of AChR- -aggregating 
activity prepared from Torpedo electric organ or tail muscle was mixed 
áth.-120-200 jl of hybridoma supernatant for 2 h at 37 °С in a volume 
f 200-465 pl. To determine blocking, aliquots were applied directly to 
ültured chick myotubes. To determine immunoprecipitation, the mix- 
re: was incubated for an additional 0.5-2h with goat anti-mouse 
gG-conjugated Sepharose beads (see ref. 6), centrifuged to remove the 
ound immune complexes, and aliquots of the supernatant were assayed 
n cultured myotubes. AChR-aggregating activity was determined by 
counting the number of patches of AChRs on the myotubes as described 
previously?, Control supernatants were taken from either the parent 
myeloma or a hybridoma producing antibodies that did not stain electric 
organ. Each value represents the mean +s.e.m. of triplicate determina- 
tions. Generation of monoclonal antibodies: A female BALB/c mouse 
was given an intraperitoneal (i.p.) injection of 20 wg of purified electric 
organ extract” emulsified with an equal volume of Freund's complete 
adjuvant; after 4 weeks, the mouse was injected i.p. with an additional 
16 ug of this extract emulsified with Freund's incomplete adjuvant. After 
4-more weeks, 260 ug of extract without adjuvant was injected beneath 
the capsule of the spleen. The spleen was removed 3 days later and the 
cells were fused with a mouse myeloma cell line, P3X63-Ag8.653, by 
the procedure of Oi and Herzenberg”. Viable hybridomas were found 
500 of the original 572 wells plated. Of these, the supernatant from 
5-wells stained sections-of electric organ. 


muscle as in mammalian muscle 


9 including muscle fibres, 
arteries, capillaries, veins, perineurium and Schwann cells 
(which surround axons). Thus, 6D4 and 2F6 do not stain all 
structures that have basal lamina, but basal lamina is associated 
with all structures stained by these antibodies. To determine 
whether or not epitopes recognized by 6D4 are extracellular, 
muscles were fixed, incubated with the antibody and examined 
in whole mounts by immunohistochemistry. The plasma mem- 
branes remained intact during these procedures; thus, the anti- 
bodies could interact only with the extracellular matrix and the 
external surface of plasma membranes. Fluorescence micro- 
scopy revealed that all the structures labelled in cross-sections 
were also stained in the whole mounts, including neuromuscular 
junctions (Fig. 1c). Some whole-muscle preparations incubated 
with 6D4 and a horseradish peroxidase (HRP)-conjugated 
second antibody were examined by electron microscopy to deter- 
mine the distribution of 6D4 epitopes at neuromuscular junc- 
tions. Figure 1d demonstrates that HRP reaction product 
occupied much of the synaptic cleft, including the synaptic 
portion of the myofibre basal lamina; no labelling was detected 
beyond the synaptic cleft. Thus, epitopes recognized by 6D4 at 
neuromuscular junctions are concentrated in the synaptic cleft 
and are a part of or adjacent to the synaptic basal lamina. 

Extracts that cause AChR aggregation on cultured myotubes 
have been obtained by others from neurone cultures'' and 
neurone-rich tissues including brain, spinal cord and peripheral 
nerves'2“'”, None of the active factors in these extracts has been 
shown to be related to molecules concentrated at the neuromus- 
cular junction or any other synapse, as we demonstrate here for 
the AChR-aggregating factor from Torpedo electric organ. 

It is possible that the electric organ AChR-aggregating factor 
is related to a known component of the basal lamina at the 
neuromuscular junction. Such components include acetyl- 
cholinesterase!?, a heparan sulphate proteoglycan", and one 
or more uncharacterized antigens", all of which are either 
absent from, or in much lower concentrations in, extrajunctional 
regions of the myofibre basal lamina sheaths. The ability of 
these molecules to cause receptor aggregation has not been 
tested. Other components of synaptic basal lamina, including 
type IV collagen, fibronectin and laminin, are common to synap- 
tic and extrasynaptic basal lamina!’ . Of these. shared còm- 
ponents, only laminin causes AChR aggregation when applied 
to cultured myotubes”. As reported previously, gel filtration of 
our solubilized electric organ material did not reveal any AChR- 
aggregating activity in the size range of laminin (relative 
molecular mass 880,000); most of the activity eluted at a posi- 
tion characteristic of proteins of lower relative molecular mass 
(50,000- 100,000)’. Moreover, as illustrated in Table 2, antiserum 
against laminin, which stained basal lamina in our sections of 
Torpedo muscle, did not immunoprecipitate AChR-aggregating 
activity from electric organ extracts. These observations, coupled 


qut a PETERS CERE ыбы ЫР 
Table2 Antiserum against laminin does not immunoprecipitate 
AChR-aggregating activity 





Additions Activity (% ) 
None 100+ 16 
Normal serum (20 pl) 122+ 13 
Antiserum against pH 5.5 citrate 
extract (2 wl) —512 
Antiserum against laminin (20 шй) 104 x 13 


CE ESSERE E SON ES 

An aliquot of a pH 5.5 citrate extract? containing 1.5 units of AChR- 
aggregating activity prepared from. Torpedo electric organ was mixed 
with the indicated amount of heat-inactivated rabbit serum in a total 
volume of 70 ul for 2h at 37 °С. The. mixture was incubated for an 
additional 0.5 h with 10 pg of fixed Staphylococcus aureus (Pansorbin 
[Calbiochem], washed and resuspended in 50441 of 1 M. Tris buffer, 
pH 8.5), then centrifuged to. remove bound immune complexes and 
assayed as described in Table 1 legend. Antiserum against pH 5.5 citrate 
extract? was used to confirm the effectiveness of S. aureus 
immunoprecipitation. 
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with the finding that 6D4 and 2F6 staining co-localized with 
only a fraction of anti-laminin staining in muscle, indicate that 
the electric organ AChR-aggregating factor is not laminin. 
However, the fact that two different monoclonal antibodies 
against the electric organ AChR-aggregating factor recognize 
cell-surface antigens in the walls of arteries and in nerves as 
well as at neuromuscular junctions may mean that the factor is 


Fig. 1 6D4 binds to antigens con 
centrated at neuromuscular junctions 
in skeletal muscle. a, Frozen section 
of Torpedo californica muscle viewed 
with fluorescein optics to show the 
position of 6D4-binding sites. b, 
Same field as in a but viewed with 
rhodamine optics to reveal the loca- 
tion of neuromuscular junctions 6D4 
binding is confined to neuromuscular 
junctions, the wall of a collapsed 
artery (inset), and the perimeter of 
each of several axons. с, А whole- 
mount of a fascicle of Torpedo muscle 
fibres viewed with fluorescein optics 
to reveal bound 6D4. A neuromus- 
cular junction, seen from above and 
similar in layout to that of other verte- 
brates^*, is intensely stained; pre- 
terminal axons are faintly stained. d, 
Electron micrograph of a neuromus- 
cular junction from a  Discopyge 
ommata fin muscle incubated with 
6D4 and then with an HRP-conju 
gated second antibody Electron- 
dense НЕР reaction product 
occupies much of the synaptic cleft, 
including the synaptic portion of the 
muscle fibre basal lamina (arrow) 
We used the fin muscles from D 
ommata (an electric ray like the Tor- 
pedo but less than one-quarter the 
size) because they were smaller than 
any muscles we encountered in Tor- 
pedo and, thus, were easier to process 
for electron microscopy. Fluores 
cence immunohistochemistry on 
frozen sections and on whole mounts 
of these muscles revealed the same 
6D4 staining pattern as in muscles 
from Torpedo; no 6D4 staining was 
observed at neuromuscular junctions 
in frog, salamander and chick 
muscles. Scale bar: a, b, 75 um; с, 
33 um; d, lum 

Methods. Frozen sections a, b: sec- 
tions (8-10ит thick) of back 
muscles of Torpedo were incubated 
for 10 min in 10% normal goat serum 
in phosphate-buffered saline (PBS), 
washed briefly in PBS, fixed for 5 min 
in 1% formaldehyde in PBS, washed 
for 5 min in 0.1% Triton X-100 in 
PBS (PBS-T), and incubated over- 
night at 4*C in 6D4 supernatant 
diluted 1 : 200 in PBS containing 20% 
normal goat serum and 0.5% Triton 





structurally related to one or a family of basal lamina molecules 
that have a broad distribution in muscle 


Taken together, our studies provide several lines of evidence 
that the electric organ AChR-aggregating factor is similar to the 
component of the synaptic basal lamina that directs the accumu- 
lation of AChRs on regenerating muscle fibres: the factor is 
found in an extracellular matrix-rich fraction of the electric 


X-100 (PBS-ST). (The same staining pattern was observed at dilutions of 6D4 supernatant ranging over 1-20,000-fold.) The sections were 
then washed for 3 h in PBS-T and incubated for 1 h in PBS-ST containing fluorescein-conjugatec goat anti-mouse IgG (Cappel) to label bound 
6D4 and rhodamine-a-bungarotoxin to stain AChR aggregates at neuromuscular junctions. Coverslips were mounted with € itifluor mountant 
medium АЕІ (City University, London). Whole mounts (c): Abdominal muscles bathed in Torpedo Ringer" were dissected down to singl 

fascicles three to five muscle fibres thick. The muscles were then fixed for 1 h with 1% paraformaldehyde in Ringer's solution, incubated 
overnight at 4°C in 6D4 supernatant diluted 1:200 with 0.3 M sodium phosphate buffer pH 7.1 (PB), washed for 8 h with several changes of 
PB, incubated overnight in fluorescein-conjugated goat anti-mouse IgG (Cappel) diluted 1:800 with PB, washed for 3h in phosphate buffer 
with 0.1% Triton X-100 ( PB-T), refixed for 0.5 h in 1% paraformaldehyde, washed for 2h with PB-T, and mounted with mountant medium 
AF1 between glass coverslips. Electron microscopy (d): Muscles were pinned out in Ringer's solution, incubated for 3 h іп 604 diluted 1:50 
with Ringer's solution, washed for 45 min with Ringer's, incubated in Ringer's containing HRP-conjugated goat anti-mouse IgG (Cappel), 
washed for 45 min in PB, fixed for 30 min in 1% glutaraldehyde in PB, washed for 30 min wizh 0.25 M cacodylate buffer pH 7.1, incubated 
for 30 min in 0.05% 3,3-diaminobenzidine (Sigma) and 0.02% H,O, in cacodylate buffer, washed for 30 min in cacodylate buffer, immersed 
for Lh in 1% osmium tetroxide in PB, dehydrated with ethanol and embedded whole in a mixture of Epon and Araldite 





organ’; the corresponding fraction of Torpedo muscle contains 
a similar activity^; antiserum against partially purified electric 
organ factor blocks and immunoprecipitates AChR-aggregating 
activity from muscle and stains muscle basal lamina’; as demon- 
> strated here, two monoclonal antibodies recognizing different 
epitopes block and immunoprecipitate the active component in 
extracts of both electric organ and muscle and bind in high 
concentration at.the neuromuscular junction; and, at least one 
оѓ the monoclonal antibodies recognizes molecules that are in 
' or adjacent to synaptic basal lamina. Thus, monoclonal anti- 
7 bodies against the electric organ AChR-aggregating factor, such 
as 6D4 and 2F6, may be useful reagents for identifying and 
. purifying the components of synaptic basal lamina that direct 
~ the aggregation of AChRs on regenerating myofibres, for study- 
' ing their mechanism of action, for learning how they are regu- 
_ lated and for determining whether they also direct the formation 
of receptor aggregates in developing muscles or the maintenance 
of such aggregates in normal adult muscles. It is now known 
that synaptic basal lamina directs the aggregation of 
acetylcholinesterase as well as that of AChRs in regenerating 
muscle*. As described in the following report”, 604 and 2F6 
have been used to provide evidence that the electric organ factor 
* which causes AChR aggregation also causes the accumulation 
of acetylcholinesterase on the surface of cultured myofibres, 
raising the possibility that a single molecule in the basal lamina 
‚ directs the differentiation of both of these postsynaptic specializ- 
ations in regenerating muscle. 
2 We thank К. M. Marshall for technical assistance, Dr Rupert 
Timpl for supplying the antiserum against laminin, Dr Peter 
“Sargent for use of his cryostat and Dr Regis Kelly for giving us 
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Basal lamina-rich extracts of Torpedo californica electric organ 
contain a factor that causes acetylcholine receptors (AChRs) on 
cultured myotubes to aggregate into patches’. Our previous 
Studies have indicated that the active component of these extracts 
_ is similar to the molecules in the basal lamina which direct the 
aggregation of AChRs in the muscle fibre plasma membrane at 
regenerating neuromuscular junctions in vivo^^*, Because it can 
‚Бе obtained in large amounts and assayed in controlled conditions 
in cell culture, the AChR-aggregating factor from electric organ 
may be especially useful for examining in detail how the postsynap- 
г. tic apparatus of regenerating muscle is assembled. Here we demon- 
_ Strate that the electric organ factor causes not only the formation 
of AChR aggregates on cultured myotubes, but also the formation 
of patches of acetylcholinesterase (AChE). This finding, together 
with the observation that basal lamina directs the formation of 
both AChR and AChE aggregates at regenerating neuromuscular 
functions in vivo“, leads us to hypothesize that a single component 
of the synaptic basal lamina causes the formation of both these 
Synaptic specializations on regenerating myofibres. 

First, we investigated whether extracts of Torpedo electric 
organ would affect the distribution of AChE on myotubes. For 
this, aliquots of a saline- and detergent-insoluble fraction of 
electric organ? were added to 5-day-old chick myotube cultures; 
this fraction is rich in components of basal lamina and causes 
AChRs on cultured myotubes to aggregate’. After 24 h, treated 
and control cultures were fixed and stained for cholinesterase 





Table 1 Histochemically stained patches contain 
myotube-derived ChE 
Addition Aggregates per 
myotube segment 

Expt a 
Control None 1.10.1 
Eserine 0.5+0.2 
Insoluble fraction None 8.9: 0.1 
Eserine 0.9 0.3 

Expt b 
Control None 2.1: 0.2 
MSF-treated medium 2.1x0.5 
Insoluble fraction None 4.20.3 
MSF-treated medium 4,541.2 





Expt a, 40-ul aliquots of a MSF-treated insoluble fraction (6.9 pg) 
or MSF-treated medium were added to cultures (see Fig. 1 legend for 
MSF treatment). The cultures were incubated overnight and stained for 
cholinesterase in the presence or absence of 107° M eserine. Eserine 
was added 10 min before the histochemical reaction was begun and was 
present throughout the 13-h incubation. Expt b, MSF (final concentra- 
tion, 2 mM) was added to culture medium and the mixture was incubated 
at room temperature for 1 h. Aliquots of the insoluble fraction, treated 
with MSF as in a, were then added to control cultures and cultures that 
had been fed with MSF-treated medium. The cultures were incubated 
overnight and stained for cholinesterase. Data are expressed as mean 
xs.e.m. of triplicate determinations. 


(ChE) activity by the histochemical method of Karnovsky’. 
Figure la, b shows that the insoluble fraction caused a marked 
increase in the number of patches of reaction product on the 
myotubes. Few patches were seen on myotubes stained in the 
presence 107° M eserine (Table 1), indicating that the reaction 
product was due to cholinesterase activity. Patches were induced 
when both the culture medium and the insoluble fraction were 
pretreated with methane sulphonyl fluoride (MSF), an irrevers- 
ible inhibitor of ChE? (Table 1); therefore, the ChE in the 
patches must have been produced by the myotubes. To determine 
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Fig. 1 Formation of AChE aggregates by Torpedo electric organ 
extracts. a, b, Bright-field photographs of 5-day chick myotube 
cultures’, incubated for 24 h with medium containing 16 ир of an 
insoluble fraction of electric organ (а) or normal medium (b) and 
stained for ChE activity. c, Fluorescence micrograph of a 5-day 
culture exposed for 24 h to 45 ng of agarose pool and lablled with 
anti-AChE and fluorescent second antibody. Scale bars, 50 pm. 

Methods. a, b, The cultures were rinsed with buffer containing 
150 mM NaCl, 10 mM sodium phosphate, pH 7.4 (PBS), fixed for 
5 тіп in 1% paraformaldehyde in 90 mM sodium phosphate, 
130 mM sucrose, pH 7.4, rinsed with PBS and then reacted for 
cholinesterase by the method of Karnovsky’ for 13h at room 
temperature. Cultures were rinsed with 0.1 M sodium maleate, 
pH 6.0, with water, then dehydrated in graded ethanols and moun- 
ted in glycerol. Methane sulphonyl fluoride (final concentration 
2 mM) was added to the insoluble fraction and the mixture incu- 
bated for 1 h at room temperature before adding it to the cultures. 
The MSF treatment inhibited cholinesterase in the insoluble frac- 
tion by 99.895, as assayed by the method of Ellman et al^. The 
rapid spontaneous hydrolysis of MSF prevented it from inhibiting 
ChE on the myotubes. c, AChE was labelled with a monoclonal 
antibody to chick AChE and fluorescent second antibody as fol- 
lows. Cultures were rinsed with PBS, fixed for 30 min in 1% 
paraformaldehyde in 90 mM sodium phosphate, 130 mM sucrose, 
pH 7.2, rinsed with PBS and incubated for 1 h at room temperature 
with a mouse monoclonal antibody specific for chick AChE, 1A2 
anti-AChE? (6 реті"! in PBS supplemented with 10% horse 
serum). The cultures were then rinsed with PBS, incubated for 1 h 
with a 1/200 dilution of rhodamine-conjugated goat anti-mouse 
IgG (Cappel) in PBS+10% horse serum, rinsed with PBS, dehy- 
drated in graded ethanols and mounted in glycerol. No immuno- 
histochemical staining was seen when cultures were incubated with 

antibodies secreted by the parent myeloma (not shown). 


Table 2 Comparison of ChE histochemistry and AChE 
immunohistochemistry 





Aggregates per myotube segment 
ChE Anti-AChE 


histochemistry — immunohistochemistry 
Expt a 
Control 3.0 (2.6, 3.4) 3.3 (2.8, 3.8) 
Insoluble fraction 6.4 (6.3, 6.6) 5.30.6 
Expt b 
Control 2.0 (1.8, 2.1) 48+0.8 
pH 5.5 extract 6.9 (6.2, 7.6) 10.5 2 0.8 
Expt c 
Control 1.6+0.3 1.3+0.2 
Agarose pool 7.2+0.7 5.7+0.8 


Cultures were treated with the insoluble fraction, pH 5.5 extract or 
agarose pool and either stained for ChE activity or labelled immunohis- 
tochemically to reveal AChE (see Fig. 1 legend). Labelled patches on 
the bottom surface of the myotubes were counted (see Fig. 2 legend). 
The numbers of patches on 10 myotube segments 400 um long examined 
at X250 magnification were averaged for each culture histochemically. 
As the patches of rhodamine-labelled anti-AChE were difficult to see 
at this magnification, antibody-labelled patches were counted at x400 
magnification and the numbers of patches on 20 myotube segments were 
averaged and multiplied by 1.6. Expts a, b and c were done on different 
sets of cultures. Data are expressed as the mean of duplicate or triplicate 
determinations. For experiments done in duplicate, the individual values 
are given in parentheses; for experiments done in triplicate, the s.e.m. 
is shown. 


whether the patches induced by the electric organ fraction 
contained true AChE, control cultures and cultures treated with 
the insoluble fraction were fixed and labelled with a monoclonal 
antibody specific for chick AChE’. The electric organ fraction 
caused an increase in the number of patches of antibody-labelled 
AChE on the surface of the myofibres similar to the increase 
seen with histochemical staining (Fig. 1c, Table 2). Because the 
labelling protocol used for these experiments did not allow 
antibodies to penetrate plasma membranes, the AChE patches 
detected must be on the myotube surface. Thus, the insoluble 
fraction of electric organ causes not only the aggregation of 
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AChRs on cultured myotubes, but also the formation of аррге- 
gates of AChE. 

We next sought to establish a quantitative assay for AChE- 
aggregating activity, so that its level could be compared with 
that of the AChR-aggregating factor. Figure 2 shows that as the 
amount of the insoluble fraction added to cultures was increased, 
the number of AChE patches increased and then reached a 
plateau. Although the magnitude of the response to saturating 
amounts of the insoluble fraction varied over 2-9-fold from 
plating to plating, there was little variability in the dose depen- 








* AChE aggregates 
* AChR aggregates 


Aggregates per myotube segment — 


0 5 10 15 
Insoluble fraction(ug per dish) 


Fig. 2. Dose dependence of the formation of AChR (lI) and AChE 
(Ф) aggregates on cultured myotubes. Cultures, treated for 24h 
“with the indicated amount of insoluble fraction, were incubated 
with 6x 107° M rhodamine-a-bungarotoxin^' in culture medium 
for 1 h at 37°C, The cultures were then rinsed twice with PBS and 
fixed and reacted for cholinesterase activity as described in Fig. 1 
legend. AChR and ChE clusters were counted at x250 magnifica- 
tion with a Nikon microscope equipped with phase and fluores- 
cence optics. The ChE-stained patches and. a-bungarotoxin- 
labelled AChR clusters were often seen to be partially or totally 
: overlapping; however, there. was no indication that the ChE stain- 
‘ing ever completely obscured a toxin-labelled AChR aggregate. 
“For each culture, myotubes were chosen at random and the num- 
bers of patches of cholinesterase reaction product along 
unbranched 400-j:m-long segments of the myotubes were counted 
under phase optics; then the number of AChR clusters was counted 
under fluorescence optics. Only patches on the bottom of the 
myotubes were counted because most factor-induced clusters of 
AChRs and ChE occurred on this surface of the myotube. Counts 
from 10 myotubes, evenly spaced over the surface of the dish, were 
averaged. We counted as an aggregate any distinct fluorescent or 
; &holinesterase-stained patch whose longest axis was >2 ит. Data 
ré expressed as the mean xs.e.m. (n = 3); error bars are shown 
Where they exceed the size of the data point. To quantitate AChR- 
nd. ChE-aggregating activity, curves were drawn through the 
points by eye (the two curves superimpose in this figure) and one 
unit of activity. was taken as the amount of the fraction required 
to give a half-maximal response (in this case 2.58 pg per dish). 


dence of the response. Thus, by defining one unit of activity as 
the amount of material required to cause a half-maximal 
response, AChE-aggregation could be measured reproducibly 
between experiments. 

"The dose dependence of the insoluble fraction-induced forma- 
tion of AChE patches on cultured myofibres was the same as 
for AChR aggregation (Fig. 2), suggesting that a single factor 
caused both effects. If this were the case, it should be possible 
to extract the AChE-aggregating activity from the insoluble 
fraction and purify it by procedures that solubilize and purify 

е AChR-aggregating factor. Accordingly, the insoluble frac- 
tion was extracted with pH 5.5 citrate buffer’, the solubilized 
material was fractionated by gel filtration chromatography on 
agarose’ and the column fractions causing AChR aggregation 
were pooled. Both AChR- and AChE-aggregating activities were 
measured in the insoluble fraction, the pH 5.5 extract and the 
‘agarose pool’. Table 3 shows that the AChR- and AChE- 
aggregating specific activities were increased to the same extent 
by extraction and gel filtration chromatography and that the 
dose dependence for AChR aggregation was the same as that 
forthe formation of AChE aggregates at each step in the purifica- 
поп. (Formation of AChE aggregates was routinely assayed by 
СВЕ histochemistry; however, immunohistochemical experi- 
-ments confirmed that each fraction induced patches that con- 
- tained true AChE [Table 2]. Thus, AChE- and AChR- 
aggregating activities co-purify. We also examined whether or 
not two different monoclonal antibodies, 604 and 2F6, directed 
against the AChR-aggregating factor (see accompanying 
report"), would recognize the AChE-aggregating factor (Table 








Table3 Co-purification of AChE- and AChR-aggregating activities 








Aggregating activity 
(units per mg protein) 


Fraction AChR AChE 
Insoluble fraction 374 382 
pH 5.5 extract 8H 952 
Agarose pool 49,800 56,200 





For each fraction, AChE- and AChR-aggregating activities were 
measured as described in Fig. 2 legend. The values are the mean of two 
separate determinations. 





Table4 Immunoprecipitation (a) and inhibition (b) of AChE- 


and AChR-aggregating activities 








Aggregates per myotube segment 


(% control) 
Addition AChE AChR 
Expt a Control 100+ 16 100+ 15 
6D4 -2+2 -1+4 
2Е6 -1x4 743 
Expt b Control 100+ 5 1004-5 
6D4 2401 1+4 
2Е6 2244 10+3 





Expt a: An aliquot of agarose pool (7.2-8.2 units, 134-150 ng) was 
mixed with 0.3-1.3 ml hybridoma supernatant and incubated for 14 h 
at 37°C. Immunoglobulins and immune complexes were precipi- 
tated by adding 30-50 yl of a suspension of goat anti-mouse antibodies 
covalently coupled to Sepharose beads! and 100 wl aliquots of the 
supernatant were assayed for aggregating activity. Control supernatant 
was from a hybridoma secreting antibodies of unknown specificity. Expt 
b: An aliquot of agarose pool (6.5-8.2 units, 120-150 ng). was mixed 
with 0.35-1.3 ml myeloma-conditioned medium or hybridoma super- 
natant, incubated for 1 h at 37 °C and 0.12-0.4 ml aliquots were assayed 
for aggregating activity. Data for both experiments, expressed as mean 
+5.е.т. (n = 3), are per cent of maximal response. 


4). When bound to Sepharose beads, 6D4 and 2F6 each removed 
AChR- and AChE-aggregating activity from the agarose pool. 
Moreover, when added directly to cultures together with the 
agarose pool, 6D4 and 2F6 inhibited the extract-induced forma- 
tion of both AChR and AChE aggregates. From the observations 
that (1) the AChR- and AChE-aggregating activities co-purify, 
(2) the dose dependence for the induction of AChR and AChE 
aggregates is the same at each stage of the purification and (3) 
two different monoclonal antibodies immunoprecipitate and 
inhibit both activities, we conclude that a single factor in our 
extracts of electric organ causes the formation of AChR and 
ACRE patches. 

AChR and AChE aggregates form part of the postsynaptic 
apparatus at both normal and regenerated neuromuscular junc- 
tions and are the only components of the apparatus known to 
be directly involved in synaptic transmission. The formation of 
these cell-surface specializations at developing neuromuscular 
junctions is induced by the axon terminal!" ". On the other 
hand, in adults, the synaptic portion of the myofibre's sheath 
of basal lamina can direct the aggregation of AChRs and AChE 
on regenerating myofibres^?. Thus, the synaptic basal lamina 
in the adult contains synaptogenic information similar to that 
provided by the axon in the embryo. 

The identity and mechanism of action of the molecules that 
induce the postsynaptic specializations at developing and regen- 
erating neuromuscular junctions are unknown, although in vivo 
and in vitro studies indicate that electromechanical activity of 
muscle fibres is necessary for the accumulation of high levels 
of AChE'*-'®. Crude extracts from several neurone-rich tissues 
such as brain, spinal cord and nerve have been shown to cause 
AChR aggregation on cultured myotubes, and the active com- 
ponents of some have been partially purified! "77. Furthermore, 
many of the AChR patches formed іп response to at least one 
of the brain extracts are associated with synapse-specific anti- 











gens, AChE and invaginations in the myotube plasma membrane 
— which resemble the junctional folds found at normal and regen- 
i6 erating neuromuscular junctions. The results reported here 
extend the findings of such studies by showing that, in the basal 
mina-containing fraction of electric organ, the same factor 
that causes AChR aggregation also causes the formation of 
aggregates of AChE. We have also demonstrated (see accom- 
.. panying report'®) that two different monoclonal antibodies 
“against this AChR/AChE-aggregating factor bind in high con- 
>. centration at the neuromuscular junction and that the molecules 
“recognized by at least one of the monoclonal antibodies are in 
or adjacent to the synaptic basal lamina. Thus, it is reasonable 
о suggest that the molecules in the synaptic basal lamina which 
SU direct the formation of AChR aggregates on regenerating myofi- 
>. bres also cause aggregation of AChE. We are now performing 
experiments to test this monomolecular induction hypothesis 
Гот the formation of AChR and AChE aggregates at both regen- 
erating and developing neuromuscular junctions and to discover 
whether the electric organ AChR/AChE-aggregating factor 
causes the formation of other components of the postsynaptic 
apparatus. 
~ We thank Dr В. Rotundo for providing the monoclonal anti- 
body to chick AChE, and Robert Marshall, Chris Goodwin and 
2 Tom Cox for technical assistance. This research was supported 
by USPHS grant NS14506 and BRSG grant RR 5353. 
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vo The Prausnitz-Küstner (P-K) reaction is a sensitive test for the 
.. presence and activity in the skin of immunoglobulin E, an important 
“class of immunoglobulin mediating allergic reactions. A fragment 
Stef the human myeloma ND e-chain gene, encoding the second, 
third and fourth domains of the IgE constant region (Ce 2—4) was 
assessed here for its ability to inhibit the P-K reaction in vivo. 
Injection of the fragment in skin sites of healthy human adults 
prevented subsequent sensitization with serum containing IgE anti- 





body to ава antigen. Inhibition of the P-K reaction required 
a 200-fold molar excess of the C, fragment over the IgE presen 
in the sensitizing serum. The efficacy of the C, fragment in 
inhibiting the P-K reaction compared favourably with that of 
natural myeloma IgE (PS) in terms of both blocking concentrations 
and duration of the blocking effect. The inhibition of the P- 
reaction by C, 2—4 fragments was specific and probably caused. 
the saturation of IgE receptors оп mast cells? by the recómbinan 
gene product. 

The C,2-4 gene fragment used encodes amino acids 218- 547 
of the IgE molecule and was subcloned in- Escherichia coli; 
producing a polypeptide of relative molecular mass 40,000? 
Preparations consisting of >95% affinity-purified C, 2-4 dimeric 
chain fragments, when injected into skin sites of a human 
volunteer, completely blocked the passive sensitization of these 
sites by serum (E.C.) containing IgE antibody to ragweed anti- 
gen (Table 1). This blockade was prevented by treating th 
C,2-4 fragments at 56 °C for 1 h or by reduction and alkylation 
Skin sites injected with C,2-4 fragments remained normally 
responsive to histamine (data not shown). More importantl 
skin sites sensitized with reaginic serum (E.C.) 1 h before C,2 
fragment injection retained their ful] ability to support a P-K 
reaction. 

The P-K reaction under study was caused by IgE antibody 
to ragweed antigen in the sensitizing serum. Heat treatment 
(56 °C, 1 h) of serum Е.С. abolished its ability to sensitize normal 
skin (data not showr), as would be the case for an IgE anti: 
body*?. Table 2 shows that when an immunoglobulin-enriched 
fraction of serum E.C. was fractionated over an anti-IgE (PS) 
Sepharose-4B column, only the IgE-containing eluate, but по 
the IgE-depleted effluent, was able to induce a P-K reaction 
This was blocked by pretreatment of the skin sites with C,2-4 
fragments. 

The P-K reaction induced by a 1:100 dilution of serum E.C 
(1:100) containing 5x107"! M IgE was abolished completely 








Table 1 Inhibition. of Prausnitz-Küstner reaction by C,2-4 
айтеп 
Area (mm?) of wheal and flare | 
at sites sensitized with 
Serum Е.С. — Serum Е.С. 
Inhibitor diluted 1:10 diluted 1:100 

Expt 1 Diluen: 87/480 42/257 
C,2-4 (100 pg mi!) 0/0 0/0 

C,2-4 56°C 1h 76/455 38/271 

(100 ug mI!) 

Expt2 Diluent 103/516 54/268 
C,2-4i10 pg mE!) 0/0 0/0 

C,2-4110 pg ml) 92/472 44/240 


reduced, alkylated 





Values are the areas of the wheal/the area of the flare. Reduction 
and alkylation were performed as described in ref. 3. The same subject 
was used for passive sensitization in both experiments; the serum IgE’. 
of this subject was 4IU ml!) (—10 ng ml !). The sensitizing serum: 
(E.C.) contained 380 IU ті! of IgE (—912 ng ml !), of which 8.7% 
was directed against ragweed antigen, as determined by the specific 
drop in serum IgE following absorption of the serum over a Sepharose: 
4B ragweed antigen column compared with a control Sepharose 4B 
human serum albumin’. Serum Е.С. was free of detectable hepatitis В. 
antigen and of antibodies to that antigen. C,2-4 fragments were injected: 
into skin sites 1 h before the injection of serum Е.С. Skin sites weres 
challenged 48 h later with ragweed antigen (1,000 protein nitrogen units 
ml”! of a mixture of giant and short ragweed; Hollister-Stier). Twenty: 
minutes later the skin sites were examined for the presence of wheal. 
and erythema. The surface area of the reactions was estimated as follows: - 
Transparent tape was used to transfer the outline of the reactions to. 
paper? which was cut and weighed on an analytical balance. The area 
was read from a standard curve. Diluent consisted of 0.15 M NaCl and. 
0.03% human serum albumin. All injections were intradermal and: 
0.02 ml in volume. In each experiment a set of skin sites were also 
sensitized with diluent. None of these sites showed a wheal or flare 
reaction when challenged with ragweed antigen. 








concentrations of IgE (P.S.) as low as 1x 10? M. Thus, a 200- 
fold excess of C,2-4 and à 20-fold excess of IgE (PS) over IgE 
present in serum E.C. was required to block the P-K reaction. 
The latter result agrees well with the results of Stanworth er al^, 
who found that a 10-100-folds excess of myeloma IgE (ND) 
over reaginic serum IgE was required to block the P- K reaction. 
When serum Е.С. was diluted to 5x10 M IgE, it lost its 
ability to produce a P-K reaction. As 1X 10 * M C,2-4 com- 
pletely inhibited the ability of 5 x 10 M IgE in Е.С. serum to 
"cause a P-K reaction, it is likely that the 200-fold excess of 
C,2-4 inhibited serum IgE to skin mast cells in vivo by 9096. 
In vitro, a 100-fold molar excess of C,2-4 fragments inhibited 
1251-IgE PS binding by 80% (ref. 3). Thus, the ability of C,2-4 
fragments to inhibit IgE binding to mast cells in vivo and in 
vitro is comparable. 

Comparison of the relative amounts of C,2-4 fragments and 
IgE (PS) needed to produce 50% reduction of the area of skin 
erythema induced by the Р- К reaction shows that the inhibitory 
activity of the C,2-4 fragments was, on a molar basis, 30% that 
of natural IgE (Fig. 1). This is close to the value of 35% obtained 





able2 Induction of the Prausnitz- Küstner reaction by IgE-enriched 
fractions of reaginic serum and its inhibition by C,2-4 fragments 





Area (mm?) of wheal/flare at 


IgE content skin sites preinjected 


serum (E.C.) fraction (ng mI!) with diluent 
Serum (1:100) 10 34/312 
ig enriched 7 22/210 
IgE depleted «0.2 0/0 
IgE enriched 7 27/238 





| An immunoglobulin-enriched fraction of serum Е.С. was obtained 
Бу precipitation with 50% (NH4),SO,. The precipitate was reconstituted 
with 0.15 M saline to the initial serum volume, extensively dialysed 
against 0.15 M saline and diluted 1:100 in standard diluent before 
testing. An aliquot of the immunoglobulin-enriched fraction was circu- 
ated for 18h at 4°C over a Sepharose anti-IgE (PS) column’. The 
anti-IgE (PS) was raised in a goat and renderd IgE specific by absorption 
with human IgM, IgA, IgG myelomas and к, A Bence-Jones proteins 
coupled to Sepharose. This was followed by absorption and elution on 
an IgE (DAZ) column. The effluent IgE-depleted fraction was absorbed 
twice more over other columns of anti-IgE (PS) Sepharose. IgE was 
< eluted from the first absorbing column with glycine-HClI buffer, pH 3. 
Eluate and effluent were dialysed extensively against phosphate-buffered 
saline (PBS), then diluted in standard diluent and sterilized by Millipore 
filtration before use. The IgE content was assayed by a solid radioim- 
munoassay using monoclonal mouse anti-human IgE (gift of Dr R. 
- Siraganian) to coat the plastic polyvinyl plates and '?Lanti IgE ND 
(Pharmacia) as a developing reagent. The assay was carried as described 
in ref. 9. The sensitivity of the assay was 200 pg ml^!. The recipient of 
the P-K reaction had a serum IgE of 50 IU ті! (—120 ng ml !). 


Table 3 Duration of inhibition of the Prausnitz- Küstner reaction 








Inhibitor concentration 


Inhibitor 107M 107 5M 
C,2-4 12 17 
IgE (PS) 14 21 


Values given are days elapsed following injection of inhibitor before 
a successful P-K reaction could be achieved. Multiple skin sites of a 
“normal donor with a serum IgE of 50 IU m^! were injected at day 0 
with C,2-4 fragments, IgE (PS) or diluent. At intervals of =2 days 
(days 0, 4, 9, 12, 14, 17, 19, 21), individual skin sites were sensitized 
with serum. Е.С. (1:100 dilution), then challenged 48 h later with rag- 
weed antigen. Sites pretreated with diluent always gave a positive wheal 
and flare reaction with a mean +s:d. area of the wheal of 56:9 mm? 
апа a mean +s.d. area of the flare of 400+ mm for the eight successive 
: determinations. The days shown represent the time of the first appear- 
ance of any flare and/or erythema at the challenged skin sites. 


зу concentrations of C,2-4 fragments as low as 1x 10 ^ M and 
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Fig. 1 Dose-response curve of inhibition of the Prausnitz- 
Kiistner reaction. Skin sites in the forearm of a normal donor, 
whose serum IgE was <4 IU ml^!, were injected 1 h before sensitiz- 
ation with decreasing concentrations of C,2-4 (——), IgE (PS) 
(- - -) or diluent (A). A 1:100 dilution of the reaginic serum E.C. 
containing 5 x 10! M IgE was used to sensitize the sites which 
were challenged 48h later with ragweed antigen as described in 
Table 1 legend. The size of the skin erythema (flare) is shown. 


for the relative efficacy of native IgE fragments in. inhibiting 
USLIgE binding to basophils in vitro’. 

Table 3 shows that inhibition of the P-K reaction lasted for 
12 days at sites that had received C,2-4 fragments, compared 
with 14 days at sites that had received IgE PS, when each was 
used in a 2,000-fold molar excess over IgE present in serum 
E.C. This inhibition lasted 17 and 21 days, respectively, at sites 
that had received a 20,000-fold molar excess of C,2-4 fragments 
or IgE PS. 

The present experiments demonstrate that, in man, the P-K 
reaction can be blocked by a bacterial expression product of a 
human C,2-4 gene fragment. The inhibitory efficacy of C,2-4 
fragments compared favourably with that of myeloma IgE (PS) 
both in terms of concentrations needed to inhibit the P-K 
reaction and in the duration of their blocking effect. As.C,2-4 
fragments are not glycosylated, glycosylation of the IgE 
molecule may not be essential for mast cells binding in vivo. 

The C, fragment used in the present study contained the 
tryptophan control region of the expression plasmid pWT211 
(ref. 3). Smaller C, fragments lacking plasmid-derived peptides 
are currently being constructed and tested for inhibition of the 
P-K reaction. Because there are no known allotypic markers 
for C., such fragments should not be immunogenic to man. Lack 
of immunogenicity, potential availability in unlimited quantities 
and capacity to inhibit the P-K reaction for a relatively long 
period should make such fragments useful in attempts to prevent 
allergic reactions. 

This work was supported by USPHS grants AM31925 and 
A120373 and AI-10060 and by grants from the National Founda- 
tion and the March of Dimes, the British Cancer Research 
Campaign, the MRC, Hoffman-LaRoche Inc. and the British 
Technology Group. We thank Miss Melissa Smith for secretarial 
assistance and Drs K. Ishizaka and R. Siraganian for useful 
discussions. 
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The class I major histocompatibility complex (MHC) antigens are 
highly polymorphic’ cell-surface proteins? whose expression is 
essential for the cellular immune response against virus-infected, 
abnormal and foreign cells^*. Transformation of primary rat cell 
cultures by the oncogenic adenovirus 12 (Ad12) results in sup- 
pression of the transplantation antigens’, thus enabling the trans- 
formed cells to escape the immune response and efficiently form 
tumours in vive’. In contrast, transformation of the same cells 
with the non-oncogenic adenovirus 5 (Ad5) does not suppress the 


~ transplantation antigens? and, consequently, they elicit an effective 


+ (MHC-restricted) immune response*. Here, however, we show that 

- infection of mouse embryo cells with both viruses initially increases 
the level of transcripts from the H-2K° transplantation antigen 
gene. Both the adenovirus Ela (128 RNA) and Elb genes are 
required for activation of the H—2K gene and measurement of 
the relative rate of transcription indicates that the increase in the 
level of H-2K messenger RNA following infection is at least in 
part due to a gene-specific transcriptional activation. The newly 
transcribed Н-2К° mRNA is then properly transported to the 
cytoplasm. 

Cell cultures from 16-day-old C57BL/ 10 mouse embryos were 
infected after second or third passage with wild type or mutants 
of Ad5. RNA was extracted 50 h after infection and the level 
of transcripts from the H-2K^ gene measured by S, nuclease 
protection analysis using a 600-nucleotide Avall probe which 
spans the exon Ill-intron HI boundary of the H-2K° gene’. 
As indicated by the relative intensities of the 230- nucleotide S, 
nuclease-protected fragment (Fig. 1a), infection with А45 resul- 
ted in a 10-15-fold increase in the level of H-2K” mRNA (lane 
2) compared with mock-infected cells (lane 1). In contrast, 
infection with either the Ad5 41312 Ela deletion mutant or the 
Ad5 41313 Elb deletion mutant?? did not effect an increase in 
the level of H-2K mRNA (Fig. 1а, lanes 3, 4). To determine 
whether А45 infection caused a nonspecific change in the rate 
of gene transcription and/or RNA stability, we also measured 
the level of histone H4 gene transcripts in the above experiments. 
The level of histone H4 RNA increased only 2-3-fold after Ad5 
infection under conditions in which the level of H-2K^ gene 
transcripts increased 15-fold (Fig. 1b). 

Measurement of the relative rate of transcription of H-2K° 
in nuclei isolated from mock-infected and Ad$-infected cells 
indicated that the increased level of H-2K mRNA following 
Ad5 infection was at least іп part due to transcriptional activa- 
tion. The activation appeared to be specific for H-2K as the 
rate of transcription of the type IV collagen gene did not increase 
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Fig.1 a, b, S, nuclease analysis of H-2K^ (a) and histone H4 
(Б) mRNA from C57BL/10 mock-infected (lane 1), Ad5-infected © 
(lane 2), dl312-infected (lane 3) and di313-infected (lane 4) mouse . 
embryo cells. Markers are **P-labelled pBr322XHinf. c, Dot 
hybridization of labeled nuclear transcripts from mock-infected 
(—) and Ad5-infected (+) C57BL/10 mouse embryo cells to 
H - 2K* and type IV collagen gene fragment. 

Methods. a, A 600-nuzleotidé probe spanning the exon HI/intron 
Ш boundary of the H-2K?. gene was end-labelled with reverse 
transcriptase and. hybridized with 15 ug total RNA at 60°C for 
12h in 10 pl of 80% formamide, 40 mM PIPES pH 6.4, 1 mM 
EDTA, 400 mM. NaCl. The mixture was digested with 3,000 units 
of S, nuclease (Boehringer) іп 300 l of 300 mM Na-acetate pH 4.8, 
200 mM NaCl, 2 mM. ZnSO, at 20°C for 1h, followed by 40°C 
for a further hour. S, nuclease-protected DNA was ethanol- рер. 
tated, denatured and electrophoresed оп а 7 М игеа/7% acry- 
lamide gel*°?'. b, A 460-nucleotide probe spanning the 5’ end of 
the histone H4 gene was end-labelled with T4 polynucleotide kinase 
and hybridized with 15 рр total RNA at 52 °С as described for a. 
Samples were digested with S, nuclease for 2h at 20°C, then 
treated as for a. c, Nuclei were isolated from mock-infected and 
AdS.infected cells. RNA synthesized in 5 x 10° isolated nuclei was 
labelled for 20 min with 200 pCi [a-? PJUTP (3,000 Ci mmol!) in 
a 300 pl reaction volume as described in ref. 32. Plasmids contain- 
ing the H-2K” gene and the type IV collagen gene were linearized 
by digestion with Hinil and EcoRI respectively. DNA (15 рв) was 
bound to a 0.45- pm nitrocellulose filter? and hybridized to labelled 
RNA from 2 x 10° isolated nuclei in a 400-41 volume??, After 46 h, 
hybridized filters were washed at 54°C in 0.1 X S.S.C., 0.1% S.D.S. 

for 45 mir, air-dried and exposed for 2 h. 





on Ad5 infection (Fig. 1c). 

Infection of mouse embryo cultures with Ad12 also resulted 
їп a 10-15-fold increase in the level of total cellular H-2K° 
mRNA (Fig. 2a, lane 1) compared with mock-infected cells 
(lane 9). Infection with a non-tumorigenic Ad12 Ela mutant (in 
751), which lacks functional protein products from both the 125 


and 13S mRNAs because of a stop codon in the first exon, did 
not activate the H -2K^ gene (Fig. 2a, lane 8). Similarly, infec- 
tion with a non-tumorigenic Ad12 mutant (hr1121) which does 
not produce the 52K (relative molecular mass 52,000) Elb 
protein’? did not induce H-2K gene expression (Fig. 2a, lane ` 
5). Infection with a weakly tumorigenic Ad12 Ela mutant 
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“Fig3 а, S, nuclease analysis of H-2K^ gene 
transcripts from — mock-infected | C57BL/10 
"mouse embryo cells (lane 4), control tRNA 
(lane 5) and from cells infected with polyoma 
virus (lane 1) or SV40 (lane 2) at a multiplicity 
~~ of infection of 10-50 PFU per cell. Lane 3 con- 

."tains control RNA isolated from C57BL/10 
cells treated with 1,000 От! mouse y-inter- 
feron. b, S, nuclease analysis of cytoplas- 
mic(cyt) and nuclear (nuc) H-2K^ mRNA 
from mock-infected (lane 2), Ad5-infected 
(lane 3, 10 PFU per cell) and Adi2-infected 
(lane 4, 10 PFU per cell) C57BL/10 mouse 
embryo cells. Lane 1 contains a tRNA control. 
S, nuclease analysis was carried out as 
described for Fig. 1. All lanes contain an equal 
amount of RNA (20 jg). 
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Fig. 2 а, b, S, nuclease. analysis of H-2K h 
(a) and histone H4 (b) mRNA from mock- 
infected (lane 9) C57BL/10 cells and from cells 
infected with 10-20 PFU per cell of Ad12 Ela 
mutant hr751 (lane 8), Adi2 Ela mutant hr771 
(lane 7), Ad12 Ela mutant in600 (lane 6), Ad12 
Elb mutant ћг1121 (lane 5), in751 plus hr1121 
(lane 3), hr751 plus in600 (lane 4), in600 plus 
3 hr1121 (lane 2) and Ad12 wild type (lane 1). 
S, nuclease analysis was done as described for 
Fig. la, b. c, S, nuclease analysis of H-2K° 
mRNA from mock-infected C57BL/10 cells 
(lane 1), control tRNA (lane 2) and from cells 
infected with Ad12 (lane 3), in751 (lane 4), 
hr771 (lane 5), in600 (lane 6) апа Ad12 hr1121 
(lane 7) at a titre of 50 PFU per cell. S, nuclease 
analysis was done as described for Fig. 1a. d, 
Dot hybridization of labelled nuclear tran- 
scripts from mock-infected (—) and Adl2- 
infected (+) C57BL/10 mouse embryo cells to 
H -2K* and type IV collagen gene fragments. 
Methods as for Fig. 1c. 
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(hr771) which produces some Ela protein products only after 
adelay in permissive cells! or with an Ad12 Ela mutant (in600) 
which contains the normal Ela 128 RNA and a truncated 135 
RNA’ resulted in, respectively, no increase (Fig. 2a, lane 7) or 
only a marginal increase (lane 6) in the level of H-2K gene 
transcripts at the multiplicity of infection used (10 plaque- 
forming units (PFU) per cell). Co-infection of Ela mutants 
hr?51. and in600 with each other or with the hr1121 Etb mutant 
resulted in an increase in the level of H-2K mRNA (Fig. 2a, 
anes 4, 3 and 2 respectively); this effect could be caused by 


m 6000 input probe 
-. 230m St protected 


— 600 три! probe 
20:4 S protected 


either complementation ог ап increased number of virus parti- 
cles (10 PFU per cell of each; see below). The levels of histone 
HA transcripts in these infections were only 1.5-2 times higher 
than in mock-infected cells (Fig. 2b). 

Failure of adenovirus Ela mutants to activate the H-2K" 
gene may result from the lack of production of other adenovirus 
early proteins which are normally activated by the Ela gene 
products! ?, We therefore repeated the Ad12 mutant infections 
at a higher multiplicity of infection (50 PFU per cell) to allow 
production of other adenovirus early proteins in the absence of 











- the Ela proteins (ref. 13 and R. Grand and P. Gallimore, 
"personal communication). As shown in Fig. 2c, infection with 
a high titre of Ela mutants (in600 and hr771) resulted in 
"activation of the H-2K^ gene equal to that effected by wild-type 


«virus; This result indicates that it is not the protein products of 
the Ela 13S transcript alone that activate the H-2K° gene. The 
Е1Ь 52K protein and the products of the Ela 125 RNA, or 13S 
exon 1 RNA, are directly or indirectly necessary for H-2K^ 
“gene activation since high-titre infection with either the Elb 
52K mutant (/ir1121) or the Ela mutant which lacked protein 
products of both 12S and 13S RNAs (hr751) failed to sig- 
nificantly (less than twofold) increase the level of H-2K° gene 
transcripts (Fig. 2c). Measurement of the relative rate of tran- 
scription of the H-2K^ gene in mock-infected and Ad12- 
infected cells indicated that the increase in the level of H-2K 
mRNA following viral infection was at least in part due to 
transcriptional activation (Fig. 2d). 
This result may reflect the trans-acting enhancing properties 
| of the. Ela protein products, which can activate viral! ^! 


© newly: introduced '^-!5, integrated’? and endogenous genes? 


either directly or through inactivation of cellular repressor pro- 
teins'**". Alternatively, the gene activation may be mediated by 
a general anti-viral state induced by cellular proteins in response 
to either viral replication or viral proteins?"7^; this seems 
unlikely, as Ad12 virus infections at 10 PFU per cell did not 
result in detectable levels of interferon («4 U ті!) in the cell 
culture (data not shown). 

The results presented here indicate that infection of mouse 
embryo cells with either Ad5 or Ad12 results in transcriptional 
: activation of the MHC H-2K gene. Viral protein products from 
. the 125 Ela mRNA or the first exon of the Ela gene, which is 
||; common to both 13S and 125 mRNAs, and the 52K E1B protein 


.' are necessary for this activation (Fig. 2). As yet, we do not know 


whether viral protein products from both the Ela and Elb 
regions are mediating the activation directly or via inter- 
action with other (early) viral or cellülar proteins. For example, 
the Ad5 Elb 58K protein binds the same p53 cellular protein 
as simian virus 40 (SV40) large-T antigen". To determine 
whether other DNA tumour viruses such as SV40 mediate induc- 
‘tion of the class I MHC genes using similar mechanisms” and 
whether induction is related to permissiveness of the virus/cell 
system, we infected mouse embryo cells with either SV40 (non- 
permissive, as is adenovirus) or polyoma virus (permissive). 
. Infection with either of these viruses resulted in activation of 
“Һе H-2K gene but at a lower level than that resulting from 
the adenovirus infections, which itself was lower than that 
"induced by interferon in a control experiment (Fig. 3a). 
^. Our results are in contrast to those of Schrier et al^ who 
“reported a decrease in the level of cytoplasmic class | mRNA 
and suppression of MHC antigen expression in Adl2-, but not 
in Ad5-infected cells. As Schrier et al? measured cytoplasmic 
mRNA, the difference could be due to a block in the transport 
of the newly synthesized mRNA from the nucleus to the cyto- 
plasm. To test this possibility, the cells were infected with Ad5 
and Ad12 (10 PFU per cell) and both the nuclear and cytoplas- 
mic mRNA were quantitated. The results (Fig. 3b) show that 
the H-2K mRNA in the cytoplasm is increased between 10 and 
15-014 in both cases, while the mRNA level in the nucleus is 
much lower and only visible after a longer exposure, which 
excludes the possibility of a block in mRNA transport. 
However, preliminary experiments using radioimmune label- 
ling of the Ad5- and Ad12-infected cells indicate that the amount 
of H-2K^ antigen on the cell surface increases only marginally, 
Af at all, depsite the large increase in cytoplasmic H-2K° mRNA 
(аага not shown). Thus, the results suggest that infection first 
induces a stimulation of MHC transcription, which normally 
::would enable a better cellular immune response against infected 
ccelis. In the case of viruses, for example Ad5 and Ad12, this 
may not result in an increased expression of MHC antigens on 
the cell.surface because of other viral factors”. In the case of 
oncogenic viruses such as Adl2, this may be followed by a 
suppression of MHC class I gene transcripts to allow escape 


from immune surveillance. Whether this is caused by. a 
immunity from natural killer cells?*7* alone and/or fro 
cytotoxic T cells as part of an MHC-restricted response’, i 
unclear. : 
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The fusion of the limiting membrane of a secretory granule with 
the plasmalemma during exocytosis is equivalent to the fusion and 
release of contents that occurs when phospholipid vesicles fuse 
with planar bilayers'?, Experiments with bilayers demonstrate that 
phospholipid vesicles must swell if they are to fuse’. Also, inhibition. 
of exocytosis in solutions of high osmolarity occurs in several . 
types of secretory cell*?. We report here experiments on the 

cortical granule exocytosis of sea-urchin eggs. Exocytosis is pre- 
vented when the osmolality of the medium surrounding the eggs 
is raised from 1 to 2 osmol kg '. High osmolality also. prevents 
calcium-dependent exocytosis in vitro. Prior treatment with ca 

cium at high osmolality triggers fusion when normal osmolality. 
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is restored, even if calcium is removed before dilution. Addition 
of calcium causes the cortical granules to swell. The large increase 
in membrane capacitance which normally accompanies fusion? is 
absent in eggs activated in solutions of high osmolarity. Our data 
are consistent with the idea that a secretory granule must swell to 
fuse with the plasma membrane and support the hypothesis^'" of 
an osmotically driven fusion step during exocytosis. 

When a sea-urchin egg is fertilized or activated with the 
calcium ionophore A23187, there is a rapid and complete 
exocytosis of the cortical granules that lie immediately beneath 
the plasmalemma' ^". This secretory event is stimulated by an 
increase in cytoplasmic free calcium". If eggs are treated with 
calcium ionophore in sea water to which sucrose, sodium sul- 
phate or stachyose is added to produce an osmotic pressure 
increase corresponding to 1 osmol per kg, they retain their full 
complement of cortical granules (Fig. 1). The inhibition is revers- 
ible in that eggs returned to sea water after treatment with 
ionophore in the presence of high-osmolarity solution undergo 
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Fig. 1 a, Effect of increasing osmolality on cortical granule 
exocytosis in Lytechinus pictus eggs. Jelly-free eggs were resuspen- 
ded in artificial sea water'? (1.02 osmol per kg) or filtered sea water 
(0.90 osmol per kg) containing various concentrations of sucrose, 
stachyose or sodium sulphate. b, Osmolality was measured using 
a Wescor vapour pressure osmometer.. Resuspended eggs were 
mixed with an equal volume of solution of identical composition 
containing 20 4. M. A23187 (Calbiochem), and 5 тіп after mixing, 
the extent of exocytosis of the cortical vesicles was assessed in the 
light microscope by gently flattening the eggs against a coverslip. 
The cortical granules are identified easily by their size and degree 
of association with the egg cortex. The granules in à disk of 50 рт 
radius were counted in 10-eggs selected at random. Each experi- 
ment was recorded on photographic film (Zeiss, Nikon or Leitz 
DIC optics with x100, 1.25 or 1.4 NA objectives). The osmolarity 
of the solutions being tested was not known to the observer. 
Inhibition by stachyose solutions was time-dependent. After resus- 
pension in stachyose the eggs shrank rapidly then swelled slowly 
towards their original size. Exocytosis eventually occurred at all 
stachyose concentrations tested. Stachyose did not merely reduce 
the rate of exocytosis, as in 0.8 M stachyose sea water, for example, 
no detectable exocytosis occurred for 25 min after addition of the 
calcium ionophore, although exocytosis was extensive at 30 min 
after addition, In untreated preparations, exocytosis is complete 
in 1 min. Temperature, 20°C. 









a complete exocytosis. Pretreating the eggs with osmoticant and 
returning them to sea water before adding calcium ionophore 
does not prevent exocytosis. The similar effects of 0.7 M stachy- 
ose, 0.55 M sodium sulphate and 0.85 M sucrose suggest that it 
is the osmotic rather than the pharmacological properties of the 
three substances which are responsible for the inhibition of 
secretion. In the presence of solutions of high osmotic pressure 
the granules shrink, suggesting that if swelling of the granule is 
hindered then exocytosis is inhibited. 

We wished to determine whether solutions of high osmolality 
were indeed inhibiting the fusion of the secretory granule mem- 
brane with the plasma membrane or whether fusion had, in fact, 
taken place. Under normal conditions the granule contents take 
up water and salts as they disperse!^'^. It was possible that the 
granule and plasma membranes had fused with the formation 
of an exocytotic stoma and that solutions of high osmolality 
were preventing granule dispersal. 

One consequence of exocytosis of the cortical granules of the 
egg is a two- to threefold increase in the membrane capacitance 
which is the result of addition of cortical granule membrane to 
the plasmalemma"*'*. Figure 2 shows that under conditions in 
which exocytosis (by which we mean both membrane fusion 
and the dispersal of the granule contents) is prevented, only a 
very small increase in membrane capacitance is observed, ~ 10% 
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Fig. 2 Effect of stachyose on the increase in egg membrane capacitance 
resulting from membrane fusion. The inset shows the membrane potential 
alterations when the calcium ionophore A23187 (50 pM in ethanol) is added 
in the presence of 0.8 M stachyose in artificial sea water (2.39 osmol per 
kg). Membrane capacitance was measured by injecting constant current 
pulses through one microelectrode while recording membrane potential with 
a second microelectrode. Data were recorded on magnetic tape and the 
membrane time constant and resistance measured from five consecutive 
current pulse records made from tape with a chart recorder, shown (A23187 
and A23187 + stachyose) as single experiments (mean + s.e.m.). Controls are 
shown as mean and s.e.m. of 22 estimates of membrane capacitance in six 
unfertilized eggs. The rise time of the recording system was 3.5 ms. Egg 
input resistance before activation, 66-180 МО; after activation, 20-60 МО; 
current pulse, 100 or 200 pA; electrode resistance, 50-100 MQ. (KCI-filled). 
Temperature, 16°C. The small increase in membrane capacitance observed 
when eggs are treated with A23187 in the presence of 1 M stachyose (10% 
of the change seen in control eggs) may result from exocytosis of 10% of 
the granules. The converse assumption is that it results from a decrease in 
the membrane resistance ( K,) between the interior of each granule and the 
external solution, The decrease in R, could be distributed across the area 
of contact of granule and plasma membranes or could result from the 
appearance of a small aqueous pore or channel between the interior of each 
granule and the external medium. Our data indicate that the capacitance of 
the granule membrane ( C,) is 800 pF and that of the cell membrane (C4) 
400 pF. We have assumed that the granule membrane resistance (R,) and 
granule membrane capacitance are linked by series resistance R, to the 
plasma membrane resistance (Rm) and capacitance. Thus, J =((R,+ 
Ret Ray }/ RaR ERD) VEU CoRR tR] CR Rin + RI Rul Re + 
К.) dV/dr* (CC, R,R,R,/ Ral Rgt R,) d'V/dt. 1, membrane current; 
V, membrane potential; 1, time. Solving for V and г with a step change of 
membrane current we find from the apparent increase in membrane time 
constant in the presence of 1 M stachyose that if R,, is <200 MQ then К, 
cannot be «50 МО. This sets an upper limit on the size of the pores. There 
are ~-30,000 cortical granules in a L. pictus egg", which gives a resistance 
per pore of 1.5 x 10°? Q. This resistance is of the order of the resistance of 
the smallest ion channels so far discovered in biological membranes; we 
therefore believe that fusion and the formation of an exocytotic stoma have 
occurred in < 10% of the cortical granules of the egg under these conditions. 
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Fig.3 А, Effects of stachyose on cortical vesicle exocytosis in vitro. 
Cortical fragme its consisting of vitelline coat plasma membrane 
and attached cortical vesicles were prepared by attaching eggs by 
their vitelline coat to glass coverslips with polylysine and shearing 
away the bulk of the egg using a jet of isolation medium (220 mM 
potassium glutamate, 500 mM glycine, 5 mM MgCl;, 10 mM NaCl, 
2.5 mM ATP, 0.5 mM dithiothreitol, 0.1 mM phenylmethylsulphonyl 
fluoride, 1 mM EGTA, pH 6.7; ref. 19). Cortical fragments on the 
right (5, d, f) have been treated with calcium (6 uM; Ca/EGTA = 
0.838; ref. 19). a, Cortical fragment in isolation medium; b, fragment 
in isolation medium 2 min after addition of 6 „М calcium; c, frag- 
ment in isolation medium containing 1M stachyose showing 
granules of decrease size; d, fragment in isolation medium containing 
1 M stachyose 5 min after treatment with 6 uM calcium showing 
inhibition of exocytosis of cortical vesicles; e, fragment returned to 
isolation medium after treatment with 1 M stachyose-containing 
isolation medium (vesicles swell to their original size and will 
undergo exocytosis if exposed to calcium, not shown); f, fragment 
returned to isolation medium after treatment for 2 min with 1 M 
stachyose-containing medium containing 6 uM Ca, then for 2 min 
with 1 M stachyose-containing medium (<10 M Ca) before return- 
ing to isolation medium («10^ * М Ca); exocytosis occurs in the 
absence of calcium when stachyose is removed. As in whole eggs, 
the inhibition of exocytosis is time dependent. Exocytosis occurred 
in the presence of stachyose after 15-20 min. At normal osmolarities, 
exocytosis occurs completely within 1 min of calcium addition. Tem- 
perature, 20 °C; scale bar, 10 ym. B, Effects of stachyose and calcium 
on the size of cortical vesicles ín vitro. Control, preparation in 
isolation medium; Stachyose, in 1 M stachyose-containing medium; 
Stachyose Ca, in 1 M stachyose-containing isolation medium con- 
taining 6 uM calcium; Stachyose removed, preparation treated with 
1 M stachyose-containing medium and returned to stachyose-free 
medium. Photomicrographs similar to those shown in A were printed 
at 10,000 and the diameter of 100 granules estimated from the 
measurements of granule perimeter made using a digitizing tablet. 
Mean diameter +5.е.т. are shown. The statistical significance of the 
differences in mean diameter were assessed using a one-tailed 
Kolmogaroff-Smirnoff test. The dispersion in measured granule 
diameters seems to result from the dispersion of apparent granule 
sizes and not from errors in measurement, as the measuring pro- 
cedure was precise, giving granule diameters of 0.98 + 0.038 and 
0.98 + 0.041 jum (mean xs.e.m.) in two separate experiments in which 
granules were treated with high-osmolarity stachyose and returned 
to normal osmolarity. 


of that seen at normal osmolarity. Under these conditions, it 
seems that no exocytotic stoma form and that inhibition of 
granule swelling prevents fusion as well as dispersal. These 
experiments also indicate that stachyose is not preventing the 
ionophore-induced internal calcium transient, as we observe the 
calcium-associated membrane depolarization. 

Inhibition of exocytosis by applying solutions of high osmo- 
larity to the outside of the egg may be the consequence of 
alterations in ionic strength or viscosity in the cytoplasm caused 
by the shrinkage of the egg. Therefore, we investigated the effects 
of high osmolality on exocytosis in vitro. 

A preparation consisting almost entirely of plasma membrane 
with attached cortical granules can be made by attaching eggs 
to glass coverslips with polylysine and shearing away the bulk 
of the egg". This preparation gives access to the cytoplasmic 
face of the plasma membrane. Granules undergo exocytosis in 
response to micromolar calcium concentrations *-??, It is known 
that high-osmolarity sucrose solutions reduce the rate of 
exocytosis in vitro and that under these conditions the effect of 
calcium seems to be irreversible?'. Inhibition by sucrose is 
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incomplete because the cortical granules have a substantial 
sucrose permeability, so we used stachyose, a tetrasaccharide 
to which the granules are less permeable. Figure 3A shows the 
result of an experiment in which calcium was added to the 
preparation in the presence of stachyose (1 M in isolation buffer: 
3 osmol per kg) and in which exocytosis is prevented. If calcium 
is removed and the preparation is allowed to remain for 5 min 
in EGTA-containing 1 M stachyose isolation buffer before dilu- 
tion into isolation buffer containing EGTA, then exocytosis 
occurs on dilution to normal osmolarity. Exposing a preparation 
to stachyose in the absence of calcium and returning it to normal 
isolation medium does not result in a substantial loss of cortical 
granules; >90% are unaffected by this treatment. These experi- 
ments demonstrate that, even in the presence of 1 M stachyose, 
calcium is exerting an effect whose results persist after its 
removal. That is, the calcium-dependent step in exocytosis is 
irreversible in stachyose-treated cortices. 

The planar array of cortical granules on the isolated plasma 
membrane forms an excellent optical image. Figure 3B 
shows that granules shrink considerably when exposed to 1 M 
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Fig. 4... Diagrammatic representation of the changes thought to be 
occurring in our experiments, Calcium promotes swelling and 
exocytosis whereas stachyose and other osmoticants cause revers- 
ible shrinkage of the cortical vesicles. If calcium is added in the 
presence of stachyose, the vesicle swells slightly but the swelling 
is insufficient то cause fusion. However, the state of the vesicle is 
“altered irreversibly by- calcium. Removal of stachyose after treat- 
‘ment with calcium feads to exocytosis. 


tachyose i in isolation ойн and appear to swell slightly when 
hey are also exposed to calcium. We suppose that calcium- 
nduced swelling can only cause exocytosis if granules swell 
jeyond their usual size. 
2 Cortical granule exocytosis in vitro is not affected by large 
increases in ionic strength. We find that it occurs in solutions 
containing 1M KCl, which is four times the ionic strength of 
cytoplasm". Nor is а solution of high viscosity (3096 Ficoll, 
relative molecular mass 400,000, 96 cP) inhibitory in vitro”! 
"Therefore, it. seems likely that high osmolality prevents 
: exocytosis in whole eggs, as it does in vitro, by preventing granule 
| swelling’. We find that higher concentrations of stachyose 
are needed to inhibit exocytosis in vitro (1 M in isolation buffer; 
. 3,0 osmol per kg) than in whole eggs (0.7 М in sea water; 
2osmol per kg). We attribute this to a small but significant 
permeability of the granule membrane to stachyose, because a 
proportion (~10%) of the granules burst when returned to 
"normal osmolarity after treatment with stachyose in the absence 
of calcium. This interpretation is supported by the observation 
that inhibition of exocytosis by stachyose is time-dependent (see 
Figs 1, 3 legends). | 
‚А diagram consistent with our results is shown in Fig. 4, in 
which calcium induces a swelling of the secretory granule which 
-ander normal circumstances leads to fusion. In the presence of 
-solutions of high osmolarity, calcium-induced swelling is 
‘insufficient to cause fusion. But calcium has irreversible effects 
and fusion occurs when the granule swells further on exposure 
‘to normal osmotic pressures. We do not know why the cortical 
“granule swells on exposure to calcium, nor why granule swelling 
* leads to fusion. Granule swelling may result from an increased 
"influx of ions and water across the granule membrane as a 
consequence of calcium-induced permeability changes or as a 
consequence of calcium-induced alterations of the osmotic 
properties of the granule contents. Fusion may occur because 
the granule ruptures preferentially at its point of contact with 
the plasma membrane, as has been suggested to explain the 
fusion of phospholipid vesicles. with planar bilayers”. А 
mechanism in which calcium stimulates an ion exchange across 
ће apposed granule and plasma membranes? seems to us less 
. likely because exocytosis in sea- -urchin eggs will occur in the 
absence of external monovalent ions? 
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on oriented filaments 
reconstituted from purified actin 
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Although the biochemical properties of the actin/myosin interac- 
tion have been studied extensively using actin activation of myosin ` 


ATPase as an assay’, until recently no well-defined assay has —— 


been available to measure the. mechanical properties of ATP- 
dependent movement of myosin along actin filaments. The first 
direct measurements of the rate of myosin movement in vitro™* 
used a naturally occurring, biochemically ill-defined array of actin 
filaments from the alga Nitella. We report here the construction 
of an oriented array of filaments reconstituted from purified muscle 
actin and the use of this array in a biochemically defined quantita- 
tive assay for the directed movement of myosin-coated polystyrene . 
beads. We demonstrate for the first time that actin alone, linked 
to a substratum by a protein anchor, is sufficient to support 
movement of myosin at rates consistent with the speeds of muscle : 
contraction and other forms of cell motility. 

We have used severin, a protein from the amoeba Dicty- 
ostelium^* which binds with very high affinity to the barbed end . 
of actin filaments’ (Fig. 1a). Using biotinylated severin, actin. 
filaments can be bound to avidin immobilized on a carbon- 
coated electron-microscope grid, which serves as an optically. . 
clear substratum (Fig. 15). In appropriate flow conditions, the" 
bound filaments should orient with their free pointed ends in 
the downstream direction (Fig. 1c). According to H. E. Huxley's 
model", myosin moves along actin from the pointed end to the 
barbed end. Therefore, myosin beads placed. on the 
actin/severin/avidin array should move upstream against the. 





flow of buffer. The use of electron-microscope grids allows the. 


actin array to be visualized by transmission electron microscopy 
after measurement of bead movement. 


We followed the active movement of 40 myosin beads over: 


distances of 10-50 рт on actin arrays demonstrated by electron 
microscopy to be markedly oriented (Fig. 2). The average veloc- 
ity of skeletal myosin beads was 4 ут”! (26 beads, range 
0.5-6 uum s), which is close to the measured maximum rate of 
contraction of intact muscle under zero load (6 uum s^!)*. The 
average velocity of Dictyostelium myosin beads was 0.6 jum s. 2 
(14 beads, range 0.3-1.3 um s^). These velocities measured with 
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Fig. 1 Schematic representation of the method for preparing the oriented actin substratum. a, Severin was biotinylated as follows: 800 pl 
severin at 0.25 mg ті”! in 50 mM sodium phosphate, pH 7.5, was combined with 15 pl 1 mg ті"! N-hydroxysuccinimido biotin in dimethyl 
sulphoxide for 90 min at 22 ^C, and the reaction quenched with 5 yl 0.1 M glycyl glycine, pH 7.5. The mixture was dialysed against F buffer 
(10 mM imidazole, pH 7.0, 25 mM KCl, 4 mM MgCl, 0.5 mM 2-mercaptoethanol) containing 4 mM EGTA at 4°C for 36h. Severin/biotin 
was mixed with fresh 0.25 mg ml^' F-actin’? in Е buffer with 1 mM ATP and 0.2 mM CaCl, to a ratio of severin:actin 1:500 to produce a 
population of filaments with their barbed ends blocked by severin. b, c, A carbon-coated electron-microscope grid (200 mesh), coated with 
100 ug ті"! avidin in 50 mM NaHCO,, pH 9.5, for 10 min at 22°C, and washed with F-buffer containing 0.2 mM CaCl,, was pinned onto 
the bottom of a channel (3 mm wide, 1 mm deep) moulded in silicone polymer. Severin/actin filaments were applied to the grid surface with 
laminar flow in the channel at 10 ml тіп”! for 10 min. Unattached actin was washed from the grid surface in a flow (5 ml тіп!) of F buffer 
containing 25 ug ml“! actin, 4 mM EGTA and 1 mM ATP, leaving a mat of ordered filaments. 


Fig. 2 Electron micrographs of F-actin 
oriented as described in Fig. 1 legend. a, Image 
less densely populated with actin filaments than 
b, revealing the orientation of the filaments 
resulting from the flow. x58,500. b, Image of a 
dense meshwork of oriented filaments taken 
from a grid that supported movement of myosin 
beads. x52,000. To obtain the images shown, a 
grid was carefully removed from the channel, 
noting its orientation with regard to the buffer 
flow. Aqueous uranyl acetate (1% ) was flowed 
in the same direction across the grid, the excess 
being drawn off with filter paper from the down- 
stream edge. 


the synthetic actin array are remarkably similar to those observed 
using the Nitella-based assay* (2-6 jum s ' for skeletal muscle 
myosin and 0.5-1.5 um s^! for Dictyostelium myosin). 

These results show that, to support myosin movement, actin 
filaments need not be in the form of bundles (as they are in 





Nitella), nor are accessory proteins required (other than a fila- 
ment anchor such as severin). In addition, our results suggest 
that the specific myosin type (skeletal muscle or Dictyostelium) 
is the principal determinant of bead velocity, rather than the 
type of actin (muscle or Nitella). 
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Fig.3 Movement of myosin 
beads in the upstream direction 
with respect to the buffer flow. a, b, 
The two larger distinct bead aggre- 
gates were coated with 200 ug ml! 
Dictyostelium myosin and their 
positions shown every 10 s, corre- 
sponding to a rate of movement of 


a 


~0.5 um s^'. c, The smaller bead 
aggregate was coated with 
200 ugml~' skeletal — muscle 
myosin and its position shown С ~e 2000 0 о 


every 25s, corresponding to a rate 


of movement of ~2yms7'. 


Myosin beads were deposited on — ——  À 
the actin array by microinjection, 

suspended in F buffer containing 

1 mM ATP, 0.2 M sucrose, 1 mM 10 um 


dithiothreitol and 4mM EGTA. 

With F buffer containing 

25 рв ті! actin, 4mM EGTA and 1 mM ATP flowing in the 
channel at 0.04 ml min™', myosin beads and distinct bead aggre- 
gates attached to the grid surface and moved upstream. Myosin 
bead preparation and analysis of movement were as described 
previously“. The diagram shows typical bead movements. To be 
scored as an active event, bead movements had to be: (1) upstream 
to the direction of buffer flow; (2) at the plane of focus of the 
surface of the grid; (3) associated with a distinct binding event; 
(4) characterized by sliding rather than tumbling. In several cases, 
the rate of buffer flow was changed in the course of active bead 
movement and no effect on the rate of bead movement was 
observed. In contrast, movements resulting from bulk flow were: 
(1) downstream; (2) generally not in the plane of focus of the 
surface of the grid; (3) not associated with binding to the grid 
surface; (4) characterized by tumbling when the beads were close 
to the surface of the grid; (5) dependent on the presence and rate 
of buffer flow. 


Drag on a sphere in laminar flow at low Reynolds's number 
is directly proportional to the bulk fluid velocity. As discussed 
previously, sufficient power is generated by a single myosin 
molecule to move a 1-рт bead 5 рт s^! upstream against a flow 
of 5 um s^'. Because the flow rate near the beads in the present 


| experiments is <1 uum s^! (determined by measuring the velocity 


of unattached beads moving downstream near the substratum), 


‚ itis probable that the limit on the speed of myosin movement 
over actin in this assay is determined by the kinetics of the 
‚ biochemical reaction. The finding that some beads move slower 


than this maximum may reflect the presence of disorder in the 


< array of actin filaments. Two observations are consistent with 
“the presence of local regions of disorder. Only one-third of the 
“myosin beads that attach to the substratum move, and those 
| move over distances of 10-50 рт and stop, apparently tightly 
; bound to the electron microscope grid. 


Several biochemically defined actin/myosin-based in vitro 


models of cell motility have been suggested!^'?, but none of 
| these has offered a quantitative measure of myosin movement. 


Many types of experiment are now possible with the biochemi- 
cally defined assay described in the present study. One important 
application will be in the identification and purification of 


г factors that regulate actin/myosin-mediated cell motility. This 


assay can also be used to study the effects of genetic manipula- 


; tion of both actin and myosin structure on myosin movement 
along actin filaments. It should be possible to locate and define 


the amino-acid residues critical for the transduction of chemical 
energy liberated by ATP hydrolysis into the mechanical work 
of cellular motility. 
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Note added in proof: We have also observed movement on actin 
filaments applied. by flow to severin nonspecifically bound to 


an electron-microscope grid surface. 
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Much recent interest in the mechanism of dehydration of the dense 
subpopulation of sickle-cell anaemia (SS) red cells, including the 
‘irreversibly sickled cells’ (ISCs), stems from the view that these 
relatively rigid cells have a major role in the two main clinical 
features of the disease, namely haemolytic anaemia and microvas- 
cular occlusion’. The discovery that SS red cells have an elevated 
calcium content and accumulate Са2* during deoxygenatión- · 
induced sickling’ suggested a working hypothesis of wide appeal 
for the mechanism of cell dehydration: retained calcium would 
activate the red cell Ca?*-sensitive К+ channels‘, causing progress- 
ive net loss of KCl and water*"*. However, retained calcium, which 
seemed as weakly bound to cytoplasmic buffers as in normal red 
cells’, failed to show any measurable activation of К? channels 
or Ca?* pumps in metabolically normal SS cells, despite the 
apparent functional normality or near-normality of these transport 
systems^-"". We now offer a possible explanation for this failure. 
We show that, contrary to the traditional views, SS cells, and to 
a lesser extent normal human red cells, possess intracellular 
vesicles with ATP-dependent Ca?*-accumulating capacity, and that 
nearly all the measurable calcium of fresh SS cells is contained 
within such vesicles, probably in the form of precipitates with 
inorganic or organic phosphates. 

Intracellular vesicle-like structures have been described pre- 
viously in electron micrographs of single sections of fixed normal 
red cells '*'?. In such sections, however, true vesicles are indistin- 
guishable from artefacts resulting from occasional membrane 
infoldings. To demonstrate that the vesicles are fully contained 
within the cell, it is necessary to examine the three-dimensional 
structure of a representative number of cells in serial section. 
Figure 1 shows typical runs of consecutive sections of fresh SS 
cells and ghosts chosen to illustrate genuine and artefactual 
vesicular images. Analyses of 75 SS cells, 59 SS ghosts and 
similar studies (not shown) with 36 normal red cells and 62 
normal ghosts, revealed that both SS and normal red cells 
possess fully enclosed vesicles. In at least 84% of the normal 
cells, one to four tiny vesicles were found, which were —0.1 рт 
in diameter. The vesicles were usually contained within one or 
two consecutive 0.10-0.15-t.m sections, but occasionally exten- : 
ded over up to seven such consecutive sections, with tubular or 
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Fig. 1 Genuine and artefactual vesicular images. The cell in a, 
which is not an ISC, illustrates the appearance of a genuine, 
fully-enclosed vesicle (near the centre) containing some electron- 
dense material, as well as a long tubular artefact with open com- 
munication to the medium (on the right). The cell in b is part of 
an ISC and illustrates the complex structure of a large vesicle also 
containing electron-dense material. The images in c are from an 
SS ghost. The mottled background is characteristic of SS cells 
alone and may be caused by haemoglobin (Hb) aggregates. (Fol- 
lowing hypotonic lysis, SS ghosts viewed under phase microscopy 
contained many dense aggregates which moved about within the 
ghosts; these were rare and much smaller in normal ghosts, and 
probably represent clumps of denatured Hb.) Many of the vesicles 
seen in the SS ghosts also contain, or are associated with, electron- 
dense material. The relative vesicular volume in individual ghosts 
was estimated by weighing cut-outs of photocopies of the serial 
sections of SS ghosts and the vesicles contained within them; it 
varied from <0.02% to 19%, with typical values of ~0.1-0.4%. 
The high electron density of the cytoplasm and vesicle-associated 
precipitates, as well as the convoluted shape of most vacuolar 
spaces, precludes such estimates in the serial sections of intact SS 
cells. 

Methods. Blood was drawn from normal subjects and from sickle- 
cell anaemia patients, into heparinized containers. Only SS cells 
are shown in this figure. The red cells were washed four times in 
saline and packed at 1,200g for 1 min in small microfuge tubes. 
20 ш of packed cells was fixed by addition to 1 ml of buffer 
containing 2.5% glutaraldehyde and (in mM): KCl, 75; NaCl, 75; 
HEPES-K (pH 7.2), 10. After 30 min at room temperature, the 
cells were washed twice with buffer alone. The cell pellets were 
post-fixed in 1% osmium tetroxide, dehydrated in graded ethanol 
solutions and embedded in Araldite resin. Serial sections (0.10- 
0.15 рт) were cut, mounted on Pioloform support films and slotted 
grids and stained with lead citrate^*. Similar images were obtained 
with red cells fixed in 0.15 M cocodylate buffers, or by using 1% 
osmium tetroxide with or instead of glutaraldehyde. With all sol- 
utions, similar low proportions of deformed cells, such as those 
illustrated in a, were seen with preparations of SS cells but not 
with normal cells. Phase-contrast inspection of specimens before 
and after fixation did not reveal major differences other than in 
the overall rigidity of fixed cells. Ghosts were prepared by lysing 
packed cells in 50 vol. of ice-cold medium as described in Fig. 4 
legend. Intact red cells were packed and 20 yl transferred to micro- 
fuge tubes containing 1 ml of lysing medium with 1% osmium 
tetroxide. After 1 h at room temperature, the ghosts were washed 
once with lysing medium alone, and the pellets processed as for 

the intact cells. 








LETTERS TO NATURE —— 


- de de de de ЧАЧА 
da А d d фк d 
vic фе on ox x 
€^ Фл Фа Фл 656^ 





Еір. 2 Тор, frozen dried cryosections of the dense ISC-rich frac- 
tion of SS cells (see Fig. 4 legend), showing four typical examples 
of Ca?* -containing vacuoles. The vacuoles are indicated by arrows, 
and the spectra obtained when the electron beam was focused on 
the content of the vacuoles are shown beneath each micrograph. 
The holes in the two red blood cells in the centre are a result of 
ice crystal damage typically observed in the deeper part of the 
specimens. Analysis of the walls of the holes gave phosphorus 
concentrations similar to those of the adjacent cytoplasm, whereas 
the walls of the calcium-containing vacuoles were high in phos- 
phorus, consistent with their being membrane-enclosed. 
Occasional cells, such as that illustrated in the extreme left-hand 
panel, were much less electron-opaque than the majority and, while 
some also showed vacuoles with high Ca content, the ionic compo- 
sition of their cytoplasm (not shown) suggested that they were 
partially haemolysed. 

Methods. Small droplets (<1 mm diameter) of the red cells were 
placed on the end of a bamboo splinter and plunged into super- 
cooled Freon 22. The droplets were sectioned at —130°C in a 
cryoultramicrotome and the — 100-nm-thick sections were placed 
on carbon support films and freeze-dried at <107° torr. The freeze- 
dried cryosections were carbon-coated and analysed at —100°C 
on the cold stage of a Philips 400T transmission electron micro- 
scope operated at 80 kV and equipped with a 30-mm? Kevex energy 
dispersive detector connected to a Kevex multichannel analyser 
and a PDP11/34 computer. The duration of individual analyses 
was 150-300s, with a probe current of ~1 nA. The equipment 
configuration and its operating characteristics have been described 

elsewhere???!, 
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Fig.3 Averaged X-ray spectra from normal (a) and sickle (5, c) 
red blood cells. a, Spectrum of normal red cells before (1) and 
after (2) subtraction of the potassium Ка and КВ peaks, showing 
that the spectrum is flat in the calcium region. b, Averaged spectra 
(15 analyses obtained with focused 100-nm-diameter probes) for 
the cytoplasm (1) and (15 analyses) with probes focused over the 
vacuoles (2). CaK a indicates the position of the calcium Ka peak. 
¢, The same spectrum as b, with the potassium Ka and Kp peaks 
subtracted?” to contrast the high calcium concentration within the 
vacuoles with the very low concentrations іп the cytoplasm. 


convoluted shapes. Enclosed vesicles were present in all the SS 
cells and ghosts. Relative to normal cells, SS vesicles were more 
numerous апа much larger (particularly in the ISCs), showed 
marked variations in shape, size and numbers per cell, were 
often multi-lobed and contained electron-dense inclusions. 
The compartmentalization of calcium in sickle cells was estab- 
lished directly by electron-probe X-ray microanalysis "^! of 
7: cryosections made from the dense, ISC-rich cell fraction. Figure 
72 illustrates the X-ray spectra and Са?* peaks corresponding to 
representative vesicular images seen in frozen dried sections of 
= ISCs. Figure 3. shows averaged X-ray spectra of normal red 
blood cells, and the vacuoles and adjacent cytoplasm of ISCs. 
Highly significant Са?* peaks were recorded only from the 
vacuoles that also contained higher concentrations of phos- 
= phorus than the adjacent cytoplasm. The P/Ca ratio within the 
vacuoles varied from 1.5 (the ratio in hydroxyapatite) to 7.6, 
suggesting that organic phosphates may participate in the forma- 
tion of precipitates. The calcium. content. of the vacuoles 
"averaged 35 mmol per kg dry wt. With about 0.3-0.4 kg dry wt 
регі of cells, and the range of vesicular volumes found in ghosts 
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Fig. 4 Calcium uptake by sickle (а) and normal (Б) disrupted 
red cell membranes in the presence and absence of ATP. Open 
symbols, ATP-free conditions; solid symbols, ATP added and 
maintained. O. 6: Second-lightest cell fraction; A, A: densest cell 
fraction. 

Methods. Red cells from normal and sickle-cell anaemic blood 
were separated on Stractan (arabinogalactan) density gradients^* 
to obtain the second-lightest fractions (diskocytes free of. white 
cells, platelets and most reticulocytes) and the densest fractions 
(— 7095 irreversibly sickled forms (ISCs) from the SS cells). After 
separation, the cells were washed twice in ice-cold. medium А 
containing (in mM): NaCl, 75; KCl, 75; EGTA 0.1; Tris-Cl pH 7.5, 
10, and lysed in 50 vol. ice-cold medium containing 2.5 mM K- 
HEPES pH 7.6 and 1 mM MgCl). These conditions. are known to 
completely prevent spontaneous inside-out vesicle formation”. 
The membranes were centrifuged at 17,000 r.p.m. for 15 min in the 
cold, and the pellets were frozen and thawed once to ensure i> 
complete cell lysis. Each pellet was suspended in I ml ice-cold 
buffer containing 10 mM KCl, 50.mM Na-HEPES pH 7.5, 1 mM 
MgCl, 40 „М “CaCl, and 3 uM calmodulin, and divided in half 

to receive either 1 mM Na-ATP with 5 mM creatine phosphate and 

50 U mI"! creatine phosphokinase (to maintain ATP), or 50 U ті“! 
hexokinase and 25 mM glucose (to secure complete ATP deple- 
tion). After zero-time samples had been taken in the cold, the 
suspensions were incubated at 37 °C with stirring. Samples (50 pl) 
were delivered onto Millipore filters (type HA, 0.45 uM, prewashed 
with the suspension buffer containing, in addition, 2 mM *Сасі,) 
ona vacuum manifold, washed twice with the same ""Ca-containing 
buffer, and the filters dissolved in scintillation: fluid in counting 
vials. At the times indicated, ionophore A23187, at a moderately 
high concentration equivalent to 50 што! per 1 of original cells, 
and subsequently 2 mM Tris-EGTA, were added to the incubation 

mixtures. 


(see Fig. 1 legend), the measured intravesicular calcium con- 
centration can easily account for mean total cell Ca?* values in 
the range observed'^", that is, 40-100 pmol per 1 of cells. 

If endocytic inside-out vesicles are to account for the observed 
calcium accumulation by SS cells during sickling, they must 
have ATP-dependent Са?“ pumps capable of pumping Ca?* 
inward, in competition with the Ca^*-extrusion pumps of the 
outer cell membrane. The ATP-dependent, Ca^ -accumulating 
capacity of any vesicles that might have resisted the procedures 
applied to disrupt the outer cell membrane, was investigated by 
the protocol described in Fig. 4 legend. The results of four 
similar experiments (see Fig. 4) demonstrate that disrupted 











membranes from both ss and normal red cells are capable of 
.-substantial ATP-dependent Ca?* accumulation i in the presence 
of non-limiting concentrations of Ca?*-pump substrates and 
‘cofactors. That accumulation of Ca^ was uphill was demon- 
strated by the collapse of the Ca** gradient on addition of the 
calcium ionophore A23187 before the addition of excess Ca^* 
“chelator. In all instances, ATP-dependent Са?” uptake was 
“maximal at the start of the incubation, without noticeable delay; 
-« this argues against uptake by newly formed inside-out vesicles 
as, even under the most favourable conditions for spontaneous 
endocytosis, more than 6-15 min of incubation at 37?C are 
required to produce sealed inside-out vesicles"; Therefore, the 
observed uptake must represent the Ca?*-accumulating capacity 
of those endocytic inside-out vesicles that either resisted lysis 
. (possibly the same as Palek’s ghost-associated “Ca fraction’), 
< or. which te-sealed spontaneously after lysis. 
ы The results presented here explain the paradox of the silent 
. calcium in SS cells and circumscribe the possible role of calcium 
in the generation of ISCs. C ytoplasmic Са?“ concentrations 
|. must be increased transiently, at least, to lead to accumulation 
"within endocytic inside-out vesicles. The possibility remains! 
> that in some cells such Ca?* transients could briefly activate К? 
channels and initiate the process of dehydration (thereby further 
promoting the sickling process), eventually resulting in ISC 
formation. Recent work lends some support to this possibility”. 
The endocytic inside-out vesicles present in red cells could 
record cumulatively any episodes of increased Ca?* permeability 
as an increase in the calcium content of the cells. In view of the 
evidence for endocytic inside-out vesicles capable of Ca** 
accumulation in normal red. cells (Fig. 4), the absence of a 
. measurable pool of iongphore-mobilizable Ca?* in these cells" 
: argues. against their haying periods of substantially increased 
Са?" permeability, such as those proposed to occur with normal 
с. red cells during microcirculatory shear stress?*. A normal spleen, 
_ however, might ‘pinch-off’ Ca?*-loaded vesicles from traversing 
red cells'?, thus erasing such a record, whereas the functional 
` asplenia of sickle cell anaemia patients? could account for the 
persistence of such vesicles. 
We thank Mr J. Silcox for cryoultramicrotomy and the Depart- 
ment of Anatomy, University of Cambridge, for facilities to 
perform the serial section studies. The work was supported by 
NIH grants HL28018 and HL 21016 (to R.M.B.), HL 15835 to 
the Pennsylvania Muscle Institute (to A.V.S. and A.P.S.) and 
by grants from the MRC (UK) and Wellcome Trust (UK) (to 
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Spectrin is an ubiquiteus protein composed of heterodimers with 
а and В subunits. It was first described in erythrocyte cell mem- 
branes (see ref. 1 for review) and subsequently in brain, intestinal - 
brush borders, kidney, liver and adrenals^"*. Brain spectrin (fodrin) 
«-subunit, responsible for actin binding, has a relative molecul: 
mass (M,) of 240,000. whereas the f-subunit, involved in mem: 
brane attachment, has an М, of 235,000 (refs 1, 3, 9-13). The 
membrane of secretory granules from adrenal chromaffin. cells 
increases the viscosity of F-actin solution*'^, and spectrin-like | 
protein is associated with storage granule and plasma membranes’. 
Here, we report the localization of fodrin in secretory cells using | 
monospecific antibodies against the a-subunit of. fodrin using 
indirect immunofluorescence. We find that the a-subunit forms 
an intensely stained continuous ring in the subplasmalemma 
region of resting chromaffin cells. On stimulation of the cell with 
nicotine, high potassium or ionophores in the presence of calcium, 
fodrin forms patches. This. aggregation is inhibited by tri- 
fluoperazine, hence the entrance of calcium into cells following 
cell depolarization seems to be the calmodulin-dependent aside 
initiating patch formation. ud 

The chromaffin cell of the adrenal medulla is often used as 
a model to study the secretory process in neuroendocrine 
cells'*'®. The recent development of primary cultures of adult. 
chromaffin cells isolated from bovine adrenal glands"? pro- 
vides a system that can be used to probe the cellular mechanism. 
underlying secretion. 

To examine fodrin localization in cultured chromaffin cells 
we raised antibodies against the a- and B-subunits of bovine ^ 
brain fodrin. Using immunoaffinity-purified antibody to bovine. 
brain membrane f-fodrin no staining of chromaffin cells was 
observed, indicating that brain B-fodrin is immunologically : 
distinct from that of paraneuronal cells (Fig. 1a). We confirmed 
these observations by immunoblotting experiments om- 
chromaffin cell cytoskeletal proteins (data not shown). In con- 
trast, immunoaffinity-purified: antibody to the a-subunit of 
bovine brain stained the chromaffin cell periphery as an intense. 
fluorescent ring (Fig. 15). The a-fodrin antigens were apparently 
not accessible to the cell surface because no antibody staining 
occurred unless the cells were first permeabilized with Triton 
X-100. Preimmune serum or antiserum absorbed with fodrin 
did not decorate chromaffin cells. Thus, we conclude that œ- 
fodrin antigens are concentrated in the subplasmalemmal region 
of cultured chromaffin cells. 

In 85+5% of cells. from four different primary cultures, œ- 
fodrin was visualized as a continuous ring. In the remaining: 
15% a different staining pattern was observed; a-fodrin antigens 
still occurred in the subplasmalemmal region but were aggre- 
gated in some places, producing a discontinuous labelling, sug- 
gesting that a-fodrin organization is related to secretory activity... 
Therefore, we stimulated cultured chromaffin cells with nicotine. 
and then stained for a-fodrin antigens. In these experiments, - 
antibody against dopamine B-hydroxylase (DBH), a marker for.” 
the inner surface of granule membranes, was also added during © 
the stimulation period. This marker is known to be inserted into.’ 
the plasma membrane during exocytosis”! (Fig. 1g, h). Cells 
were examined, counted and classified as either showing a 
continuous subplasmalemmal fodrin ring or discontinuous.’ 
labelling with patches. We found a close relationship between 
the number of cells displaying patchy fodrin distribution and: 
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Fig. 1 immunofluorescence localization of a-fodrin in cultured chromaffin 
celis. a, Characterization of anti-a-fodrin and anti-B-fodrin antibodies. 
Bovine brain fodrin æ- and B-subunits were separated by polyacrylamide 
slab gel electrophoresis and stained with Coomassie brillant blue (lane 
CBB). After transfer to a nitrocellulose sheet, one lane was stained with 
Amido black (lane Am.S.), and the other two reacted with either anti-a- 
fodrin (anti-a) or anti-B-fodrin (anti-B) monospecific immunoaffinity- 
purified antibody. Bound immunoglobulins were then detected with goat 
peroxidase-conjugated anti-rabbit immunoglobulins (Nordic Immunologi- 
cals) and chloro-2-naphthol ®t. No cross-reaction of anti-a-fodrin with 
the B-subunit or anti-B-fodrin with the a-subunit was observed. b-d, Local- 
ization of a-fodrin antigens in resting and stimulated chromaffin cells. 
Chromaffin cells in culture were incubated for 10 min at 22°C with no 
secretagogue ( b) or with 56 mM K* (c) or25 u M X537A (d) inthe presence 
of 2.2 mM Ca?*. Cells were then processed for a-fodrín localization using 
immunofluorescence microscopy. e~j, simultaneous localization of a-fodrin 
antigens (e, g, i) and exocytotic sites (f, h, j) in chromaffin cells in culture 
stimulated in the absence (pair e, f) or presence (pairs g; h; i, j} of external 
calcium. Antiserum to DBH was used as a marker for the inner surface of 
granule membrane as it is transiently becoming accessible during exocytosis. 
Chromaffin cells in culture were washed and incubated for 10 min at 22°C 
in 22 mM Ca?*-Locke’s solution containing specific (ref. 6) rat anti DBH 
antiserum (dilution 1: 100) with 10 uM nicotine (pair g, h) or 25 pM X537A 
(pair i, j); е, f, incubation performed in Ca^ ^-free (5mM EGTA) Locke's 
solution in the presence of 10 uM nicotine. Cells were then processed for 
immunofluorescence microscopy. Scale bars, 10 pm. 

Methods, Anti-fodrin antibodies: Antibodies against fodrin purified from 
bovine brain membranes" were raised in rabbits, Brain fodrin was eluted 
from SDS electrophoresis"? and injected into rabbits with Freund’s complete 
adjuvant and 3 weeks later with Freund's incomplete adjuvant. To purify 
monospecific antí-a- and anti-B-fodrin antibodies, purified bovine brain 
fodrin was separated on 4-8% SDS/polyacrylamide slab gels and transferred 
to nitrocellulose sheet (30 V; 320 mA; 15h; see ref. 34). After staining the 
proteins with Ponceau red, the strip corresponding to each fodrin subunit 
was cut out and incubated for 60 min at 37°C in a solution of 3% bovine 
serum albumin in phosphate-buffered saline (PBS). Nitrocellulose strips 
were then incubated for 120 min at 20°C in anti-fodrin antisera diluted 
10-fold with PBS. After extensive washings with PBS, bound 
immunoglobulins were eluted with 0.2 M glycine-HCl (pH 2.8) for 4-5 min”, 
and the eluate immediately neutralized with 1 M NaOH. The solution was 
then dialysed overnight against 0.2 M borate buffer (pH 7.8), analysed at 
280 nm, divided into aliquots and stored at —70?C. Chromaffin cells in 
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culture: Chromaffin cells were isolated from fresh bovine adrenal glands by retrograde perfusion with collagenase and purification on self-generating Percoll 


gradients"?! 


. Cells were suspended at a concentration of 10° cells m^! of Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal calf 


serum containing cytosine arabinoside (3g ml), streptomycin (50 реті!) and penicillin (50 U m^! ). Cells were seeded on rat-tail collagen-coated glass 
coverslips, which were placed into Falcon Petri dishes (35 mm diameter). Cells were cultured at 37°C in an H,O-saturated atmosphere of 95% air/5% CO, and 
used within 7 days after plating. Immunofluorescence microscopy: After stimulation (as indicated) cells were rapidly (1 min) rinsed in PBS, pH 7.4, arid then fixed 
with 4% formaldehyde in PBS and permeabilized with acetone". After a further wash, cells were treated with normal swine and goat immunoglobulins (2 mg m! ^! ), 
then incubated with monospecific anti-a-fodrin immunoglobulins (1-2 pg on each coverslip) overnight at 4°C. Finally, antibodies were détected with swine 
fluorescein-conjugated anti-rabbit immunoglobulins (Nordic Immunologicals: diluted 1:50 in PBS) and, when necessary, with goat rhodamíne-conjugated anti-rat 
immunoglobulins (Nordic Immunologicals; diluted 1:60 in PBS). Coverslips were mounted in 1:1 mixture of 87.5% glycerol and PBS containing 50 mM Tris, 
20 mM dithiothreitol at pH 8.1, Preparations were examined with a Zeiss Universal microscope using epi-illumination and a Zeiss Planapo 63 x / 1.4 oil immersion 
objective, with 450-490.nm and 515-560-nm filters for fluorescein and rhodamine fluorescence, respectively. 


the external nicotine concentration (Fig. 2). At 10 pM nicotine, 
770 10% of chromaffin cells showed a redistribution of fodrin 
antigens. There is a linear relationship between o-fodrin reor- 
ganization and catecholamines released at a given nicotine con- 
centration (correlation coefficient 0.93, data not shown). Patches 
of a-fodrin antigens formed in 80% of cells 10 min and 94% 
of cells 25 min after nicotine stimulation, demonstrating the 
time-dependency of fodrin reassembly (Fig. 3). 

To examine further the aggregation phenomenon of a-fodrin 
antigens, we show that 56 mM K^ also induces reorganization 
of a-fodrin in the subplasmalemmal space similar to that pro- 
voked by nicotine (Fig. 1c). In addition, the formation of patches 
"induced by high potassium and nicotine proceeded with the 
“same time-course (Fig. 3), but fewer cells (55-6095) had K*- 
induced patches. Note that even at relatively high depolarizing 
К” concentrations, catecholamine secretion is significantly less 
than with nicotine or acetylcholine’, Chromaffin cells stimu- 
lated with nicotine were also examined 60 min after stimulation, 
| when a-fodrin labelling had returned to the level in resting cells 
even though anti-DBH staining of cell membranes was still 
visible (data not shown). 

Thus, nicotine and high potassium produce similar effects on 
fadrin organization in secretory cells. Because the chromaffin 
.;;€ell requires external calcium in addition to a stimulus to secrete 
“catecholamines and peptides, we next examined the effect of 
external calcium on fodrin movements on cells stimulated either 
with nicotine or high potassium. In the absence of external 


calcium (<107* M), catecholamine secretion was blocked and 
the alteration of a-fodrin organization was no longer observed 
(Figs le, f; 2). The Ca?*-dependence of fodrin reorganization 
was also examined by incubating cells in the presence of X537A, 
an ionophore provoking catecholamine release in the presence 
of calcium. In these experiments, incubation of cells with 25 „М 
X537A in the absence of calcium did not result in modification 
of fodrin localization, whereas in the presence of calcium there 
was a drastic rearrangement of fodrin (Fig. 1d, i). Treatment of 
cells with the more specific Ca^* ionophore A23187 gave iden- 
tical results (data not shown). These data indicate that the main 
stimulus кт a-fodrin movements results from the rise of 
intracellular calcium concentration following cell depolariz- 
ation”. 

The a-subunit of brain fodrin is known to bind calmodulin™,. 
Although a-fodrin from the adrenal medulla has not yet been 
shown to be calmodulin dependent, we tested the effect of 
trifluoperazine, a calmodulin antagonist, on a-fodrin organiz- 
ation in secretory cells. Nicotine-induced rearrangement of 
fodrin was abolished totally in 5 x 10 М ТЕР (Table 1). This 
concentration also inhibited 90% of the catecholamine release 
(ref. 25 and V. Села and D.A., unpublished results). 

Because there is an exocytotic stage of secretion in chromaffin 
cells, it is possible that fodrin redistribution is the passive 
consequence of secretory vesicle fusion with the plasma mem- 
brane. Stimulation is followed by the addition of much of the > 
vesicle membrane to the plasma membrane; therefore, some... 
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116. оен discontinuous a-fodrin. staining. 
lls in culture. were washed with 22 mM Ca?* or 


i 22 °C with nicotine as indicated. Cells were then rapidly 
ed, fixed and processed for a-fodrin localization as described 
n Fig. 1 legend. For each nicotine concentration, 150 cells were 
s examined and classified. Experiments were repeated three times 

on three different cultures of chromaffin cells. Each value is the 
mean «s.d. 












clearing of plasma membrane proteins would be expected. In 
separate experiments (O. K. Langley, D.P. and D.A., unpub- 
lished results), resting and nicotine-stimulated chromaffin cells 
меге labelled with anti-D2 antibody, D2 being a glycoprotein 
belonging to the family of cell-adhesion molecules. and found 
‘on the surface of all chromaffin cells”°. No alteration of D2 
localization was found. In addition, examination of the paired 
cells in Fig. 1g, h, did not show any obvious correlation between 
< fodrin patches and exocytotic sites; the latter has been visualized 
with the anti-DBH antiserum. Therefore, the possibility. that 
> fodrin movements result only from vesicle membrane integration 
; into cell membrane is highly unlikely. 
The redistribution of a-fodrin in the subplasmalemmal region 
. Of cultured secretory cells after stimulation of the cell-surface 
“receptor suggests that the subplasmalemmal cytoskeletal 
_ organization is affected by interactions between surface recep- 
“tors, internal calcium. concentration; calmodulin and environ- 
mental stimuli. The organization of actin in stimulated cultured 
cells was. also examined, but changes in the actin distribution 
меге much more difficult to evaluate because its distribution’? 
“in-resting cells is variable (that is, it is either localized as fibres 
or dots, diffuse in the cytoplasm or underlying the cell mem- 
brane). 
.. The present study is the first demonstration that fodrin is 
redistributed when secretory cells are stimulated. externally. 
7 Еоагіп-гејаіеа proteins have been localized. previously in the 
' "cortical cytoplasm of many cells and found to redistribute during 
ligand-induced aggregation of receptors in fibroblasts and dur- 
ing capping on B and T lymphocytes?"?*. ‘Patching’ has been 
described as a segregation of plasma membrane-associated 
г macromolecules to certain domains of the membrane. Hence, 
-fodrin seems to mediate surface receptor interactions with the 
«cytoskeleton, and may act as a specific linker of certain mem- 
~ brane-associated proteins to the filamentous cytoskeleton. 










“Table 1 Effect of trifluoperazine (ТЕР) on o-fodrin distribution in 
і resting and stimulated chromaffin cells in culture 





No. of cells 
showing a-fodrin 
rearrangement (96) 


. 3 Control 5-10 


Experimental conditions 
(in 2.2 mM Ca?*- 
containing Locke's solution) 


Nicotine 10 uM, 10 min 80-90 

ТЕР 5.107" M, 20 min+nicotine 10 uM, 60-65 
10. min 

TEP 5.107? M, 20 min + nicotine 10 uM, 5-10 
10min 


ТЕР 5.1075 M, 20 min 5-10 
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Fig. 3 Kinetics of a-fodrin patch formation in chromaffin cells. 

At indicated times after stimulation either with 10 „М nicotine ог. 

56 mM К“ at 22°С іп the presence of 2.2mM Ca^, cells меге < 

fixed, stained for a-fodrin (see Fig. 1 legend) and counted. Stimula- - 

tion with secretagogue was for a maximum of 10min and’then 

cells were washed with Locke's solution. Each value is the mean 
‘of two experiments. 

























In addition, fodrin movements may also be involved with: 
granule movement. The subcortical cytoplasm of eukaryotic cells. 
where fodrin seems to be. concentrated is characterized by a 
dense fibrillar array of interacting filaments and associated pro- 
teins. In resting cells the fodrin fluorescence ring probably 
reflects this subplasmalemmal dense network, which, when 
gelled, could act as a physical barrier preventing granules from 
moving towards the cell membrane and undergoing exocytosis. | 
In stimulated cells, fodrin movements may cause the appearance: 
of free spaces in the continuous ring resulting from a calcium 
dependent solation and thereby allow granules to move. This 
solation process seems to be calmodulin dependent because 
trifluoperazine blocks both secretion? and fodrin movements. 
It is of interest to note that trifluoperazine-treated cells hav 
been shown to contain an increased number of granules within 
200 nm of the plasma membrane? 
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; Microorganisms are generally used for mass production of foreign 
gene products, but multicellular organisms such as plants have 
been proposed as an economical alternative. The silkworm may 
be useful in this context as it can be cultured easily and at low 
cost. We have therefore developed a virus vector to introduce 
"foreign genes, for example, the gene for human a-interferon 
(IFN-a), into silkworms. We used the baculovirus Bombyx mori 
nuclear polyhedrosis virus (BmNPV) which has a large (2100 
kilobases, kb) double-stranded circular DNA. genome within its 
-yod-shaped capsid. Baculoviruses have been used previously as 
‘vectors for expression of fj-interferon and f)-galactosidase in 
established cell lines'7. Although BmNPV has not been used 
previously as an expression vector, it has an advantage over the 
baculovirus Autographa californica NPV in that it has a narrower 
"host range and will not grow in wild insect pests in the field. In 
the present study, the polyhedrin gene encoding the major inclusion 
body protein of BmNPV was identified by hybridization with 
complementary DNA and cloned in a plasmid. For insertion of 
г foreign genes, we constructed a recombinant plasmid carrying a 

“polylinker linked to the promoter of the polyhedrin gene, and 
inserted the IFN-« gene into this plasmid. The resulting plasmid 
and the BmNPV genomic DNA were co-transfected into BM-N 
:€ells, and stable recombinant viruses isolated by plaque assay on 
BME-N cells. The recombinant virus replicated in silkworm larvae, 
which synthesized as much as 5 х 10” units (—50 jg) of interferon 
in their haemolymph. 

We used BmNPV T3 isolate, which has been plaque-purified 
‘on BM-N cells). To identify the polyhedrin gene on the viral 
: genome of the Bm NPV ТЗ isolate, cDNA made from messenger 
RNA isolated from infected fat bodies was used as a probe. In 
in vitro translation experiments in reticulocyte lysates, over 90% 
of the total mRNA obtained from these fat bodies at a late stage 
of infectión was found to encode the polyhedral protein. The 
labelled cDNA synthesized Бу reverse transcriptase was hybrid- 
ized to viral DNA fragments separated. on an agarose gel after 
cleavage with restriction endonucleases. An EcoRI 10.5-kb frag- 
ment or a HindIII 3.9-kb fragment hybridized. specifically to 
the probe. The EcoRI 10.5-kb fragment was cloned into pBR322 
at the EcoRI site. Figure 1 shows a physical map of the resulting 
plasmid (pBmE36). Further hybridization experiments revealed 
that a 1.8-kb -Hpal-Hindlll fragment in pBmE36 hybridized 
best with the probe and contained the gene for the polyhedral 
| protein gene. 

. The nucleotide sequence of 1,763 bases from the Hpal- 
c Hindlll fragment was determined by the dideoxy chain termina- 
tien. procedure** ; the inferred amino-acid sequence was com- 



























; Е dm 
> Hindll % un m 
Ў pUC?9 ligation s, X pUC8 ligation 
` 


Fig.1 Construction of vectors. The plasmid pBmE36 was cleaved 
with HindIII to obtain the 3.9-kb HindIII fragment containing 
the entire polyhedrin gene (represented by hatched blocks). This 
fragment was inserted into the HindIII site of pUC9. The resulting 
plasmid, p9H18 (50 ug), was cleaved with EcoRI, then incubated 
at 23°C for 10min with 50U of Bal3i exonuclease. Samples 
(100 pl) were removed at 2-min intervals and the reaction stopped ^ 
by adding 0.2 vol. 0.5 M EDTA. The samples were extracted. with 
phenol and then chloroform, and precipitated with ethanol. The 
truncated p9H18 fragments were digested with Німа, and 2.7-kb 
HindIII blunt-end fragments were isolated from the agarose gel. 
This fragment was ligated to the HindIH-Smal site of pUC9 
(p9B310). Sequencing of p9B310 revealed that the polyhedrin gene 
was digested as far as position —18 upstream of the first codon, 
ATG (see Fig. 2). A 3.1-kb Ніна fragment of pBmE36 was 
ligated to pUC8 and the resulting plasmid, p8H225, cleaved by 
EcoRI and Aatil to obtain the 3.5-kb fragment containing 3.1 kb 
of DNA downstream of the polyhedrin gene; this fragment was 
then ligated to the 4.7-kb EcoRI- Aatll fragment of p9B310. The 
resulting hybrid plasmid, p89B310, contains a polylinker (EcoRI, 
BamHI, Smal, Sall and Pst! sites) just downstream of the pro- 
moter (represented by dotted blocks) of the polyhedrin gene. An 
IFN-a-J gene, which has Smal sites just before the ATG start 
signal (... CCCGGGATG. . .), was ligated to p89B310 and cleaved 
by Smal to construct pIFN2B310 (Fig. 2). In this plasmid, the 
IFN-a-J gene was oriented in the same 5' to 3’ direction as the 
polyhedrin gene. The IFN-a-J gene used for this construct con- 
tained the signal peptide sequences, the coding sequences of mature 
IFN-o-J and the 3’-noncoding sequences (~670 bases from the 


stop signal, TAG) of interferon, including the signal for poly- .. | 


adenylation. 


pared with that of the polyhedrin protein of BmNPV*. The 
starting codon, ATG, of the polyhedrin protein was found 580 
bases downstream from the Hpal site and the stop codon TAA 
was found 448 bases upstream from the Hindlll site. More than 


85% of the deduced amino-acid sequence was homologous to. 


that reported by others for Autographa californica NPV 


(AcNPV)'?, The differences show the degree of evolutionary _ 
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AG..GTTGT.TGTT. , . AMAAATALCAGC. TT TAA, G.GALGC .CAAACT. A.. A. C. CR. 
GACAAGCTCIGTCCOTITGCTGGCAACTGCAAGGGCCTCAATCCTATTIGTAATTATIGAACA -127 


ES Fig. 2 Nucleotide sequence of the 
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GAR ACT TGG АСС СОТ TTT OTT GAG GAC АСС TTC ССС ATT ETA ARC GAG. 336: 
Giu Thr Trp Thr Arg Phe Val Glu Asp Ser Phe Pra ije FAP Аяй йр :- 
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ЕЕЕ Bee nor oT aP Ta pT aT Te ei MG CU. ата 
САА GAG GTG ATG GAC GTG ТАС CTC GTC GCC ААС СТС ААК ССС ACK COG BH 


> Б ‚СТбб.А,..ОТСЇ Gin 210 Val Met Азр Val Tyr Leu Val Ala Asn Leu lys Pro Thr Arg > 
BmNPV polyhedrin gene and the AAMCAATIATAAATGTCAAATTTGTITITIATIAACGATACAARIGOARATAATARCCAT -64 ~ + coc oc oc Phe - - Vel - Wet arg 0095 
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corresponding sequence of the AcNPV 
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.. arrow indicates the connecting point 
à | of the polylinker in pIFN2B310. 
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fO n0 uu. nes CUT б. os AA neĝ nne MM „© 
GAT АСС ATG AAG ТТА ATC GTC ААС TOG AGC GOC ARA GAG TTT TTG CGT 288 


IFN28310 
SGOAATTICCCOGGATOGCC-(IFN) 
MetAla- 


> sev ves ore CM 6 aT ..6 wee T.C с.о C... 
СТТ СТА GAG ААС ТАС ATG GIT GCC GAA GAT ССС ТТТ TTA GGA CEG GGC 192 
Lev Leu Asp Asi Tyr Met Val Ala Glu Asp Pro Phe Leu Giy Pro Gly 


Lys &sn Gin Lys Leu Thr Leu Phe Lys Glu lle Abg Ser Val Lys Pro 


cec AT eT бы Tou ИЧЕ uuu SA LOG 
hb GAA GAC TAC GTG ССС САС САА СТА АТС AGA ATT ATG GAG CTA TOC ТАС 489 
Glu asp Tyr Val Pro His Glu Val Tle Arg Tie Het Glo Pro Ser Tyr. 
Pro - = н Asp 02 - - ўар 2 - 0. Tap 







Val Giy Mel Asn Asn Glu Tyr Arg Ile Ser Leu Aia íys Суз Gly Gly 


- e Ser e -~ - -o 


ras cee лао. seh ае зна Cal cee TET cee nee ces cen cus vse wih 
- GGC ТСС ССА АТС ATG ААС АТС САС АСС САС ТАС АСС ААС TCG: TTC GAC 516 
Gly Суз Pro lle Met Asn lle His Ser Oly Tyr Thr Aay Ser Phe Glu 


AU ME IDE TEE HE E т des - 0 PAESE UN 
GAC AAT ААА ТАТ ТАС AAA AAC TIG GGC TGT CIT АТС ARA ААС GCE ARG 96 
Asp Asn Lys Туе Tyr Lys Asn Leu Gly Cys Leu 116 Lys Asn Ala Lys LIONS AORTA NINE TEE 
Wem eye! al Me m ek ЫМЕН E E eee cee eee TCG ATT GIG ААС CGC GTC ATA IGG GAG ААС TIC TAC AMA COC ATE Gif Bou. 
$ ar the m m Arg Val lie Trp Glu Asn Phe Tyr Lys Pro lle Val 
; А : inpet vee nir ТЫС Ea ses ses ..0 АТС ..А... GCT ACC CTC 0C woes Паре с-з - - - 2 - 2 x 0. 2 В 
id. sequence of | i uiuo dc CTA СТС GAA CAT GAA CAA СА 


G GAG ААС САА TOG GAT 144 
Arg Lys Lys Hts Leu Val Glu His Gla Gla Glu Gla Lys Gin Trp Азр Tuy us G 
-— - ш - ^ 


peewee asf eel wee зз ар tee eee eT 6 EIL LA ore V 
TAC-KTC GGC ACA САС ҮСТ ССС САА САА САС GAA КТС CTA АТТ GAG GTT 572 
Tyr Ile Gly Thr Азр Ser Ala Clo Glo Glu Glu lie Leu Ile Glu Vail : 
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. 7 Bla Thr teu -~ 


~ Asn А АСТ G3 ССО 000 ТАТ ThA 738 
Thr Giy Pro Ala Туг *** 


Asp Thr Met Lys Leu Ile Val Asn Trp Ser Cly Lys Glu Phe Leu are 


distance between the ACNPV and BmNPV polyhedrin genes. 
The entire nucleotide sequence of the polyhedrin-coding region 
and 189 bases upstream from the translational start site are 
(Shown in Fig. 2 for both BmNPV and AcNPV!; 71 bases 
. upstream of the translational start site are conserved (Fig. 2a). 
 Twenty-four bases within this conserved region (Fig. 2b) rep- 
-resent ап almost complete repetition of the region 110-143 bases 
"upstream from the translational start site (Fig. 2c). This conser- 
ved sequence seems to be important for the high level of 
expression of the polyhedrin gene. There are several nucleotide 
= changes in the coding region of the polyhedrin gene and many 
i: changes in the region upstream of the 71 conserved bases. Smith 
‚ et al! postulated that this upstream region was the promoter 
. containing а TATA box (Fig. 2d) and a CAAT box (Fig. 2e); 
^ within the corresponding region on the BmNPV genome, we 
found sequences similar to TATA and CAAT boxes (Fig. 2f). 
Codon usages for the polyhedrin varied between BmNPV and 
AcNPV, while the amino-acid sequences of the two polyhedrins 
меге well conserved. 
A novel transfer vector carrying the 3-kb fragment containing 
_ the polyhedrin gene promoter, a polylinker derived from pUCS8, 
and the 3.1-kb fragment downstream of the polyhedrin gene, 
“was constructed as shown in Fig. 1. One of the recombinant 
< plasmids used in the present study, p89B310, has the polylinker 
linked to 18 bases upstream from the translational start of the 
“polyhedrin gene. A human IFN-a gene was cloned from a 
human gene library (provided by Dr D. G. Goeddel) using a 
-synthetic 37-mer probe. The IFN-a gene, identified as class J’ 
by sequence analysis, was fused with the plasmid p89B310 to 
construct the plasmid pIFN2B310 (Fig. 1). 
,.. Marker rescue was used for the insertion of the interferon 
-gene as reported previously'?. BM-N cells were co-transfected 
with pIFN2B310 and viral genomic DNA. Recombinant viruses, 
which did not produce polyhedral inclusion bodies, were iso- 
lated by plaque assay on BM-N cells from cell fluids obtained 
5 days after transfection. To investigate whether the interferon 
gene was inserted in the expected region, DNA was extracted 
from a recombinant BmNPV, BmIFN2B310, and examined by 
_ hybridization analysis using labelled DNA from the interferon 
gene as a probe. The result confirmed that BmIFN2B310 con- 
г tained the interferon gene at the expected site. 
_ When BM-N cells were infected with the recombinant virus 
';.BmIEN2B310, the cells showed typical cytopathic effects 2 days 
after infection. The growth curve of BmIFN2B310 was similar 
to that of the wild-type isolate T3. The kinetics of interferon 
induction was examined in BM-N cells infected with 
- BmIFN2B310: the titre of interferon increased to a maximum 
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Fig.3 Production of interferon in BM-N cells (@) and silkworm 
larvae (O). A solution comprising 2.5 ml of 50 mM HEPES buffer 
pH 7.1, 0.28 M NaCl, 0.7 mM Na;CO, and 0.7 mM NaHPO, was 
added dropwise to the DNA mixture (2.5 ml of 0.25M CaCl, 
containing 10 ug of Bm NPV DNA and 65 ug of pIFN2B310) to 
form a fine precipitate, About 0.45 ml of this calcium precipitate 
was added to 3x 10° cells seeded in a flask containing 4.5 ml of 
medium. After incubation for 12 h, the culture fluid was replaced 
with fresh medium and incubated for a further 4 days. A recom- 
binant virus, BmIFN2B310, was isolated from the culture fluid 
and used for the expression studies. A monolayer of BM-N cells 
(3 x 10°) was infected with BmIFN2B310 at a multiplicity of infec- 
tion (MOI) of 2 plaque-forming units (PFU) per cell. 50 ш (3 x 10? 
PFU) of the viral solution was injected into the body cavity of 
silkworm larvae at an early stage of the fifth instar. At 24-h intervals 
after infection, the cell fluid or haemolymph was collected and 
assayed for interferon. The interferon activity was determined in 
FL cells challenged with vesicular stomatitis virus as described by 
Familletti et al.'°, and compared with that of an international 
standard. 


of —10* units per ml of infected cell fluid 4 days post-infection 
(Fig. 3). Infected larval bodies near the abdominal appendage 
were pierced with a pin, squeezed slightly and the emerging 
haemolymph was collected in a small test tube and subjected 
to interferon assay. The kinetics of interferon production in the 
silkworm larvae was equivalent to that in infected BM-N cells; 
the relative activity, however, was much higher (Fig. 3). The 
interferon activity in both BM-N cells and larvae decreased 
slightly at 6 days post-infection. The activity in the haemolymph 








Fig. 4 Purification of the interferon produced in the silkworm, 
Lane 1, Syl of uninfected haemolymph; lane 2, Spl of 
BmlFN2B310-infected haemolymph; lane 3, 5 wl (20 pg protein) 
of the fraction eluted from the affinity chromatography column; 
lane 4, 5 ug of each relative molecular mass (M,) marker (phos- 
phorylase b, M, 94,000 (94K); albumin, 67K; ovalbumin, 43K ; 
carbonic anhydrase, 30K; trypsin inhibitor, 20.1K ; a-lactalbumin, 
14.4K). 

Methods. About 10 ml of haemolymph from 15 silkworm larvae 
infected with BmIFN2B310 was collected as described in the text. 
The haemolymph was mixed with an equal volume of fresh medium 
for BM-N cells and centrifuged at 12,000 r.p.m. for 5 min. The 
supernatant was applied to an affinity Sepharose 4B column with 
monoclonal antibody against human IFN-a and washed several 
times with a solvent containing 0.2 M sodium acetate (pH 7.3), 
0.5 M NaCl and 20% glycerol. The interferon was eluted from the 
column with a solvent containing 0.1 M citric acid (pH 2.2), 0.5 M 
NaCl and 20% glycerol, and concentrated ~ 10-fold. Samples were 
analysed by SDS-polyacrylamide gel electrophoresis on a 10% gel. 

The gel was stained with Coomassie brilliant blue R. 


was at a maximum (4х10° U mI!) at day 4. The highest 
recorded level of human IFN-a produced in a eukaryotic system 
is 4x 105 U mI (for mouse cells with a bovine papillomavirus 
vector’), 
The haemolymph from the infected silkworm was affinity- 
purified by column chromatography, then analysed by SDS- 
| polyacrylamide gel electrophoresis. From 10 ml of infected 
haemolymph (250 mg protein) collected from 15 larvae, 0.3 mg 
of interferon was eluted. The specific activity (U тр! protein) 
increased from 2.1 X 105 to 1.0 x 105; the yield was higher than 
50%. The eluted sample, separated on gels, was stained with 
Coomassie brilliant blue, which revealed a major band of relative 
< molecular mass 19,500 (Fig. 4). The protein fraction correspond- 
ingtothis band was extracted from the gel and showed interferon 
activity. An immune blot analysis indicated that labelled anti- 
“body to human IFN-a reacted exclusively with the major band. 
N-terminal amino-acid sequence analysis (11 amino-acid resi- 
dues) of the major fraction established its identity to human 
IFN-a. These findings show that there is no difference between 
interferon produced in silkworm and that made in mammals, 
hence the signal peptide sequence can be removed in the same 
manner as in mammalian cells. Purification of IFN-a made in 
“silkworm is just as easy as for that produced in mammalian cells. 
The circulatory system in the silkworm is ‘open’, in contrast 
to the ‘closed’ system of vertebrates. About 30% of the total 
volume of the silkworm larva consists of the body cavity filled 
with haemolymph. The haemolymph also represents a storage 
. tissue, for example, the major proteins of the silkmoth 
..Hyalophora cecropia, called storage proteins, accumulate in the 
_ haemolymph at the late larval stage’. The interferon produced 
is probably deposited in the haemolymph in a similar way 








without degradation by endogenous enzymes and can be purified 
without apparent loss of activity. 

The present study represents the first report of a high level 
of synthesis of a foreign gene product in a living animal. The 
silkworm has been improved for mass culture for several 
thousand years, and it is now possible to maintain unlimited 
amounts of silkworm under the control of computerized 
machines. The system described here, which uses these insects, 
thus offers an exciting alternative for mass production of foreign 
gene products. 
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The pattern of DNA methylation changes during development of- 
eukaryotes, and hypomethylation frequently correlates with gene 
expression (for reviews see refs 1—4). A causal relationship between 
hypermethylation and gene inactivity has been established for 
retroviral genomes which are methylated de novo when inserted 
into the germ line of mice (ref. 5; for review, see ref. 6). The 
mutual interaction of the provirus with the host genome can . 
influence virus expression’ and can result in inactivation of the 
host gene by insertional mutagenesis". We report here that the 
insertion of a provirus can change the methylation pattern of the . 
host DNA. Sequences flanking the provirus become methylated 
de novo within 1 kilobase (kb) of the integration site. In Mov-13 
mice, which carry a lethal mutation of the a 1(I) collagen gene*"^, 
de novo methylation of host DNA is associated with a change in 
chromatin conformation!', This suggests that virus-induced DNA 
methylation can alter DNA-protein interactions and thereby inter- 
fere with correct gene activation during embryonic development. 

The Mov substrains of mice, each carrying a single and highly 
methylated Moloney murine leukaemia virus (M-MuLV) 
genome at a distinct mendelian locus’, were used to study the 
interaction of a provirus with its flanking host sequences. DNAs 
from parental control mice and from Mov mice were compared 
to investigate whether insertion of virus affects the methylation 
state of its flanking sequences. Methylation patterns were ana- 
lysed by digesting DNAs from different developmental stages 
with methylation-sensitive restriction enzymes, followed by 
hybridization with probes representing the viral preintegration 
site. Here we report the results obtained with Mov-7, Mov-9 
and Mov-13 mice. 





+ Present address: Salk Institute, PO Box 85800, San Diego, California 92138, USA. 
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Fig.! Methylation of sequences 5' of the 
integration site of the M-MuLV genome in Mov- 
7..DNAs were prepared from mature sperm, from 
pools of embryos and embryonic tissues, and 
“analysed with restriction enzymes as described 
elsewhere'*, Samples (20 ug) were digested with 
BstEH (В) and in addition with either Hhal (Н) 
or HPAII (Hp), fragments were separated on a 
1.4% agarose gel, transferred to nylon membrane 
and hybridized with nick-translated? plasmid p7- 
1-1 which carries the PsrI(P)- EcoRI(E) fragment 
(solid bar in map at bottom) from the 5'-flanking 
region of the Mov-7 M-MuLV genome”. 
Cleavage products were mapped by comparison 
with the sizes of marker (M) bands derived from 
plasmid p7-2, which carries the Mov-7 provirus 
(open bar in map) within flanking cellular 
sequences. Digestion of p7-2 with BstEII and 
BstEII plus PstI generated fragments B,B, and 
B;P, respectively, and, in addition, fragments of 
8.6 and 4.7 kb, respectively, containing vector 
sequence. Partial methylation at sites H and Hp 
in Mov-7 sperm was indicated by the loss of 
intensity of band B,B, and the appearance of 
weakly hybridizing bands migrating slightly 
above band B;P (see map). The complete diges- 
tion of bands B,B, (which were not transferred 
quantitatively to the nylon membrane), the high 
intensity of the cleavage products В,Н and B;Hp, 
and the absence of other products, indicated lack 
of methylation at sites H and Hp in the DNAs 
from 129 mice. 





Figure 1 shows BstEII digests of DNA from sperm, and from 
day 12 and day 17 embryos of the Mov-7 and parental 129 
mouse strains, which were hybridized to a probe representing 
5'-flanking host sequences. This yielded the virus/cell junction 
fragment B;B; in Mov-7 and fragment B,B, spanning the integra- 
tion site in 129 DNA. The junction fragments from day 12 and 
day 17 embryos of the Mov-7 strain were resistant to cleavage 
by Hhal and Hpall, indicating complete methylation of the 
sites Hp and Н in the 5'-flanking region (see the map in Fig. 
1). A slightly lower level of methylation in sperm of Mov-7 mice 
‚ resulted in digestion of the Mov-7-specific BstI fragment and 
generated weakly hybridizing cleavage products. In contrast, 
‚ both sites were completely unmethylated before virus integra- 
tion, as demonstrated by the amount and the size of the Hhal 
and Hpall cleavage products in 129 DNA (see Fig. 1 legend). 

Similarly to Mov-7, the sequences flanking the provirus in 
Mov-13 mice were unmethylated before virus integration and 
became methylated after integration. Figure 2a, b shows the 
` analysis of the 5'-flanking sequences and Fig. 2c that of the 
3-flanking sequence; the DNA bands shown are designated by 
letters corresponding to the respective restriction enzyme rec- 
ognition sites indicated on the map. Because Mov-13 mice are 
heterozygous for the virus insertion”, the probes recognize the 
virus-carrying and the normal allele in these mice and only the 
normal allele in the C57BL parental strain. Hybridization with 

probe A (see map in Fig. 2), which identifies sequences 5' of 
© M-MuLV integration site of the Mov-13 strain, revealed identical 
* restriction patterns in BstEII/Aval- (Fig. 2a), BstEII/ Hhal- 

(Fig. 2b) and BstEII/ Hpall (data not shown)-digested DNAs 
from sperm of both Mov-13 and C57BL/6 parental mice. The 
intensity and size of the digestion fragments (see Fig. 2 legend) 
indicated the absence of methylation at all seven sites within 
"T kb of 5' cellular sequences before and after provirus insertion 
= (see Fig. 3). The same patterns as in sperm DNAs were present 
in-the DNAs from day 12 embryos of C57BL/6 and Mov-13 
mice (Fig. 2a, b). However, additional bands of higher relative 
molecular mass in Mov-13 embryo DNA indicated methylation 
at four sites present within 700 base pairs (bp) 5' of the virus 
integration site (see Fig. 2 legend). An analysis of a 5' virus/cell 
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junction fragment, by KpnI digestion of the same DNA, was 
used to distinguish between the two different chromosomes in 
the Mov-13 embryos, and localized the de novo methylated sites 
exclusively to the Mov-13 allele (Fig. 3). 

The BamHI- BglII cell virus junction fragment recognized by 
probe B served to determine the methylation of sequences 3’ of 
the provirus in the Mov-13 allele (Ba- Bg) and in the allele from 
C57BL/6 parental mice (Ba,Bg; see Fig. 2c). Aval and Hpall 
cleaved these fragments completely in sperm DNA from Mov-13 
and C57BL/6 mice, generating fragments that indicated non- 
methylation of the Aval site and of two Hpall sites within 
300 bp 3’ of the provirus. The same three sites were completely 
methylated in the Mov-13 allele of day 12 embryos, as the 
virus/cell junction fragment was nearly resistant to cleavage. In 
contrast, the normal allele in both Mov-13 and C57BL/6 paren- 
tal mice was not methylated at two sites, and only partially 
methylated at the one other site (see Fig. 2 legend; Fig. 3). The 
single Hhal site in this region was analysed similarly by 55/1 
digestion. The methylation at this site in sperm and day 12 
embryos was partial in the C57BL/6 parental allele and complete 
near the Mov-13 provirus (Fig. 3). 

The provirus in Mov-9 mice is flanked by cellular sequences 
which are methylated in day 12 embryos of the 129 parental 
mice as well as of the Mov-9 strain. Figure 4 shows that five 
CpG sites within 4 kb of cellular sequences at the 3' end, and 
one site at the 5' end, are fully methylated in embryonic DNA 
from the 129 parental strain. Provirus integration at the Mov-9 
locus did not change the high level of methylation of the flanking 
host sequences, except for the Hhal site 5' of the provirus, which 
is partially methylated in sperm of the Mov-9 strain and 
unmethylated in sperm of the parental 129 strain (Figs 3, 4). 

Figure 3 summarizes our results. The cellular sequences at ^ 
the respective preintegration sites of the Mov-7 and Mov-13 
provirus were unmethylated in sperm as well as in somatic cells 
from day 12 and day 17 embryos and from adult mice of both 
the 129 and C57BL/6 parental strains. Analysis of somatic cells 
showed that provirus integration resulted in complete methyla- 
tion of all tested sites in 1 kb of flanking sequences at both loci. 
The methylation status of sites that were farther than 1 kb away 
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Fig. 2 Methylation of cellular sequences flanking the integration site of the Mov-13 provirus. DNAs from sperm and day 12 embryos of 
heterozygous Mov-13 x C7BL/6 mice’ carrying a single M-MuLV provirus (open bar іп map) and from uninfected C57BL/6 mice were 
prepared and analysed as described in Fig. 1 legend. The methylation of cellular sequences 5' of the proviral integration site (vertical arrow) 
was determined in 20-ug samples of BstEII (B)-digested DNAs with Aval (A) (a), Hhal (Н) and Hpall (Hp) (b), using probe A (black bar) 
derived from cloned sequences of the Mov-13 locus'?. The nucleotide sequence and map from this region? were used to deduce the recognition 
sites of the methylation-sensitive enzymes (see map) and cloned subfragments of the Mov-13 locus served as length markers (not shown) to 
map the cleavage sites of these enzymes in the mouse DNAs. Thus, the lengths of the Aval cleavage products in a indicated the absence of 
methylation at sites A, and А, in C57BL/6 chromosomes generating band A,/A;, and methylation at site A; in the Mov-13 allele of дау 12 
embryos was indicated by band A,B;. Band А,В, was too small to be detected in this analysis. Similarly, there was Mov-13-specific methylation 
at sites Ha, Н, and Hp, but not at sites Н, and Hp, as deduced from bands H,B,, H,B, and Hp, B, respectively, which appeared in embryonic 
DNA (b). Complete digestion of Mov-13 and C57BL/6 DNAs indicated the absence of methylation at all Hhal and Hpall sites in sperm (6, 
Hpall analysis not shown). e, The 3’ cellular sequences were analysed with probe B (black bar), a BstEI- BglII fragment from the Mov-13 
locus'?. The BamHI- BglII virus/cell junction fragment of 2.3 kb (Ba- Bg) and the corresponding cellular fragment of 1.7 kb (Ba,Bg) were 
further digested with Aval and Hpall. The sizes of the cleavage products derived from DNAs of Mov-13 and C57BL/6 sperm indicated the 
absence of methylation at sites Aj, Hp, and Hp, in both alleles. The virus/cell fragments, generated from cleavage at the unmethylated 3 
viral sites A and Hp (see ref. 14) were not detectable due to their small stretch of homology with probe B (see map). In day 12 embryos, a 
fragment of 710 bp showed partial methylation at site Hp, in the C57BL/6 allele, and the resistance of fragment Ba- Bg to secondary digestion 
indicated methylation at all sites 3’ of the provirus. Fragment X was generated in DNA from Mov-13 embryos as a result of partial Hpall 
cleavage at a site in the 3' enhancer region of the provirus, which becomes preferentially demethylated during mouse development'*. The 
methylation at site Н, was determined in a similar manner by SSt1 (S) апа Hhal digestion using probe B (not shown; see Fig. 3). 





Movi3I C57 Mov7/129 Mov9/ 129 from the integration site was not affected by provirus integration. 

The sequences flanking the Mov-13 provirus, which represent 
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Fig. 3 The methylation at Hhal(|), Aval(?) and Hpall(?) sites 
around M-MuL V integration sites (vertical arrows) was determined 
in Mov-7, -9 and -13 mice (+) and in homologous sequences of 
parental mouse strains (—) as described in the legends of Figs 1, 
2 and 4. Filled, half-filled or open boxes indicate 280%, 20-80% 
or <20% methylation, respectively, of the individual sites. The 
horizontal arrow shows the direction of viral transcription from 
the 5' to the 3' end. The data for day 17 embryos and adult mice 
represent liver and brain or brain and kidney, respectively; the 
analysis of 5' cellular sites from Mov-9 mice is described else- 
5 where!^. 


hypomethylation of satellite DNA in extraembryonic as opposed 
to embryonic tissues’? is consistent with the notion that de novo 
methylation occurs after the blastocyst stage, when these cell 
lineages have separated. 

In contrast to Mov-7 and Mov-13, the provirus in Mov-9 mice 
has integrated into a hypermethylated region, the methylation 
status of which was not detectably affected by the insertion. A 
similar result was found for Mov-2 and Mov-3 (unpublished) 
and Mov-10 mice!*. 

De novo methylation of retroviral sequences introduced into 
mouse zygotes, early mouse embryos or embryonic carcinoma 























Fig. 4 Methylation of cellular sequences flanking the integration 
site of the Mov-9 provirus. DNAs from Mov-9 (ref. 7) and uninfec- 
ted parental 129 mice were prepared and analysed with restriction 
enzymes as described in Fig. 1, legend, using plasmid p9-1-2, which 
carries sequences (black bar in map) 3’ of the integration site 
(vertical arrow) of the Mov-9 provirus. (open bar; see ref. 26). 
DNA samples (20 ug) were digested with Sstl (S); generating the 
viral junction fragment SS, in Mov-9 DNAs and fragment 5,5, 
which spans the integration site in the 129 alleles. In 3'-flanking 
sequences the Hhal (H) and Hpall (Hp) sites were methylated 
in Mov-9 mice, as seen by the resistance of band SS, to secondary 
digestion. The gel position of this fragment was used to localize, 
in 129 mice, the unmethylated sites Hp,, Н, or Н, in sperm and 
day 12 embryos, respectively (see map). 


cells correlates with transcriptional inactivity, whereas the 
absence of de novo methylation in somatic cells correlates with 
gene expression (refs 15-20; see ref. 3 for review). The present 
results show that a functional provirus becomes repressed even 
when integrated into a chromosomal region which, as in Mov-13 
mice, has all the characteristics of active gene expression, that 
is, hypomethylation and. the potential to develop an open 
chromatin configuration!!. Thus, the integration of retroviruses 
.may lead to altered chromatin structures that allow de noto 
methylation. The molecular basis for both provirus and host 
gene.suppression may be the maintenance of these structures 
“due to their methylation. Non-retroviral genes which have been 
introduced into the germ line of mice are often not 
expressed?! ?*; it remains to be seen whether this is correlated 
with similar changes in chromatin structure and methylation 
pattern as described here for Mov mice. 
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One particular class of DNA regulatory elements, the enhancers 
or activators, can, relatively independently of distance and orienta 
tion, dramatically increase. the. transcriptional activity of. 
homologous and heterologous promoters located in cis (see ref: 
1-3 for reviews, also. refs 4—6). Sequence differences betwee 
various heterologous enhancers"^ may explain their apparent host 
and/or tissue-specific action" ^'^, Furthermore, differences in the 
transcriptional control elements may contribute to viral tropism. 
At least for murine leukaemia virus isolates, thymotropism and 
leukaemogenicity have been attributed to alterations within the 
viral long terminal repeat? ", which harbours their enhancers 
and other transcriptional control elements. We report here the. 
identification of a viral enhancer element possessing a very restric- 
ted tissue range. The enhancer is active in all human cells of the 
haematopoetic system tested, but not in cells of fibroblast or 
epithelial origin. 

In the recently discovered lymphotropic papovavirus (LPV)'*, 
progeny production is restricted to continuously growing cells. 
of primate B-lymphocyte. origin'’?-*', and sequence analysis? 
shows that the LPV genome has a structure typical of all other. 
known polyomaviruses? (Fig. 1). In addition to early and late. 
regions encoding virus-specific proteins, a noncoding region of > 
~700 base pairs (bp) is situated between the first early and late 
translational start codons and harbours several sets of repeated - 
sequences. A large set of direct repeats (106 bp) presumably: 
contains the origin of replication (Fig. 1)^?. Because it is 
present twice on the cloned LPV DNA, this clone was probably 
produced from a natural variant carrying two origins of replica- 
tion; this notion was confirmed experimentally by removing one 
of the direct repeats, for, despite this deletion, the LPV genome: 
retains its viability (M.P., unpublished). A smaller (63bp) 
sequence set lies to the late side of the 106-bp fragment. It is. 
duplicated once flanking the origin proximal to the early region, 
and is present as a monomer flanking the distal origin (Fig. 1).- 

Several indications prompted us to search for an enhancer. 
element in this smaller repeat. Its position on the genome is: 
similar to that of all ether known papovavirus enhancers^^*75, 
with the exception of papillomaviruses?", and a sequence resem: 
bling the enhancer core sequence of simian virus 40 (SV40)^ . 
and the mouse immunoglobulin constant-region heavy-chain - 
gene (C,)'? is present within the 63-bp repeat. To test for 
enhancer function, a 234-bp Haelll fragment that included the 
63-bp repeat (Fig. 1) was cloned into the pA10-CAT?2 plasmid? 





` Table 1 CAT activity in cells of haematopoietic, 


epithelial and fibroblast origin after transfection with pSV2-CAT, pLPV-S'-CATs or 








pCau-5-CATs DNA 





Cell line 


Haematopoietic cells 
K562 
HL-60 
KG-1 
1937 
KM-3 
LBL-1 


LBL-AK 

BJAB 

P3HR-1 

Daudi 

JM-1 

MOLT-4 

CEM-C7 

R-LICR LON/HMy 2 

Peripheral blood 
Epithelial-like cells 


Hela 
CVA 


Fibroblast-like cells 
HFF 


e transfection боне and CAT assays were done as described in Fig. 2b legend. After chromatography and autoradiography, the spots 
aining the acetylated (CM-Ac) and non-acetylated (CM) forms of '^C-chloramphenicol were cut out, placed in scintillation liquid and counted. 
The percentage of CM-Ac radioactivity in the total (CM — Ас+ CM) was determined. —, No enhancement; +, 5-fold enhancement; ++, 5-20-fold 
enhancement; +++, > 20-fold enhancement. The percentage of acetylated chloramphenicol i in cells transfected with pA10-CAT2 (enhancer minus 
constructions, see Fig. 2a) was taken as the denominator and an enhancement factor was calculated for cells transfected with constructions carrying 


32,43,44 





CAT activity 


Origin pSV2-CAT pLPVS'-CATs рСи5'-САТ< 
Chronic myeloid leukaemia ++ ++ -= 
Human acute promyelocytic leukaemia (+) (+) -= 
Human early myeoblast + +++ – 
Human myelosarcoma © +++ + = 
Human non-B, non-T acute lymphoblastic leukaemia ++ ++ - 
Epstein-Barr Virus (EBV)-transformed cord blood +++ + ND 
lymphocytes 
EBV-transformed cord blood lymphocytes +++ + ND 
Human Burkitt's lymphoma, EBV-negative +++ ++ ++ 
Human. Burkitt’s lymphoma, EBV-positive +++ ++ ND 
Human Burkitt's lymphoma, EBV-positive +++ + ND 
Human acute T-cell lymphoblastic leukaemia ++ ++ - 
Human acute T-cell lymphoblastic leukaemia ++ ++ - 
Human acute T-cell lymphoblastic leukaemia * * E 
IgG-producing human myeloma +++ + ND 
Human (+) (+) (+) 
Нитап сегуїх сагсїпота +++ - + 
Monkey kidney +++ - = 
Human foreskin fibroblasts +++ - ~ 
Hamster embryonic cells T4 - E 
Hamster embryonic cells, transformed by LPV +++ ++ + 
Mouse stem cells ++ - ND 
Mouse plasmacytoma hybridoma ++ - ++ 
Mouse plasmacytoma hybridoma ++ ~ ++ 


V40, LPV and C, enhancers, respectively. ND, riot done. 
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а AAGTTATTGTCCAACAAAAACGTCTTAGTTGACTTTCTCCT. 
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Genomic organization of lymphotropic papovavirus (LPY). The early and late coding regions of LPV DNA are separated by a stretch 


of noncoding sequences of ~700 bp. This region contains several sets of direct repeats as represented by the open boxes (see text for further 
details). The numbers of base pairs which аге homologous in each repeat are indicated by the numbers in the open boxes. А 234. bp Haelll 
fragment, containing the 63-bp repeat, was cloned into plasmid pA10-CAT2 (see Fig. 2). The sequences within the 63-bp repeat which resemble 


5 enhancer core nuc leotides’ are indicated by solid squares. The complete nucleotide sequence** of the Haelll fragment is given at the top, 
with the enhancer core nucleotides indicated by brackets. 
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Fig.2. a, Construction of pLPV:5-CATs, pLPV-5'-CATa and 
pLPV-3-CATs DNAs. Enhancer core nucleotides are indicated by 
г. Closed boxes. b, CAT activity of ВЈА-В, MOLT-4 and HeLa cells 
after transfection with pLPV-CAT, рСџи-5'-САТ or pSV2-CAT 
DNA. 
Methods. a, The 234-bp Haelll fragment (see Fig. 1) of LPV was 
excised, ligated to BglIf linkers and cloned upstream of the CAT 
gene in the BglII site of pA10-CAT2 (ref. 9) in either orientation 
(sense or antisense). Another construction was made, containing 
the HaellI fragment downstream of the CAT gene in the BamHI 
site of pA10-CAT2 (pLPV-3'-CATs). pA10-CAT2 and pSV2-CAT, 
which were also used for transfection. experiments, have been 
described previously’. b, BJA-B cells? and MOLT-4 cells?? were 
grown in RPMI 1640 medium supplemented with 10% fetal calf 
serum (FCS). HeLa cells were grown in Dulbecco's modified 
Eagle's medium supplemented with 10% FCS. Cell transfection 
was.carried out by the DEAE-dextran method***, The cells (5 х 
105) were washed twice with TBS'* and subsequently incubated 
at room temperature for 30 min with a mixture containing 10 pg 


of plasmid DNA in 50 ul TE (15 mM Tris, 1.mM EDTA), pH 7.8, 250 рі TBS and 300 pl DEAE- dextran (1 mg ml !). After incubation, the 
cells were washed again with TBS, resuspended in fresh medium, incubated at 37 °C, 5% CO, and 48 h after transfection, collected to determine 
CAT activity. The CAT assay was performed as described by Gorman et al?" with a few minor modifications. Standard enzyme reactions 
were performed with 100 pl of a total of 150 pl extract and were incubated for 90 min at 37 °С. The assay mixture final volume (171.5 ш) 
contained 0.2 pCi 'C-chloramphenicol (—2 x 10? c.p.m.) and 4 mM acetyl-CoA in 0.25 M Tris-HCl buffer (pH 7.8). The reactions were stopped 
by extraction with 0.4 ml ethylacetate. The '*C-chloramphenicol was dried and resuspended in 10 pl ethylacetate; its derivatives were separated 
by ascending TLC (0.25 mm silica gel) with a chloroform/methanol (95:5) solvent phase. The chromatography plates were then exposed to 


Kodak XAR-S film for 12-24 h. 


which can serve as an enhancer assay system as discussed 
previously? (see Fig. 2a legend for details). Thus, activation of 
this transcriptional unit can be estimated through the production 
of both RNA and chloramphenicol-acetyl-transferase (CAT) 
activity, the amount of which is dependent on the enhancer 
inserted???, The LPV fragment was cloned at the 5’ end of the 
CAT gene into а Bglll site in opposite orientations (pLPV-5'- 
CATs, pLPV-S'-CATa (Fig. 2a). ('s' signifies sense, indicating 
“that the orientation of the LPV fragment with the CAT gene is 
> the same as it is with the early coding region of LPV; ‘a’ signifies 
“the opposite, or antisense, orientation.) Similarly, the ІРУ frag- 
< ment was inserted into a BamHI site, located 3' of the SV40 


~ polyadenylation signal (pLPV-3'-CATs). As a control, similar 


‘plasmids were constructed carrying the known enhancer of C,. 

-` The Xba 1-Е fragment of the mouse C, gene’? was excised and 
- cloned in both- orientations into an Xbal site of a test plasmid 

(pCAT-2 polylinker)?'??. No difference in enhancer activity was 
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detected whether рАі0-САТ2 or pCAT2-polylinker was used 
as a recipient for the same enhancer DNA fragments. 

To test for the functional activities of the various plasmid. 
constructions, purified DNA was introduced into eukaryotic. 
cells using DEAE-dextran as facilitating agent? ^. As LPV was 
adapted to grow lytically in the human B-lymphoma line BJA-B 
(ref. 35), these cells were chosen as recipients for the first series 
of transfection experiments. Little or no CAT activity was detec- 
ted in BJA-B cells transfected with pA10-CAT2 (Fig. 2b), but 
when the 234-bp LPV fragment was inserted at the 5' end of the 
SV40 promoter region, the cells produced CAT, as demonstrated — 
by the conversion of chloramphenicol (CM) into its acetylated: 
forms (CM-Ac) (Fig. 2b). The conversion rate is independent 
of the orientation of the LPV fragment, as both the sense 
(pLPV-5'-CATs) and antisense (pLPV-5'-CATa) insertions gave 
similar conversion rates. Also, introduction of the 234-bp LPV 
fragment in the sense orientation at the 3' end of the polyadenyl- 








ation signal produced activation of the transcriptional unit, thus 
fulfilling the criteria described for most other viral enhancer 
sequences. The relative level of enhancement at the 3' end (Fig. 
2b; pLPV-3’-CATs), however, was three- to fourfold less than 
for the 5' construction. We are investigating the reason for this 
reduction. 

. The relative strength of the transcriptional activation by the 

LPV enhancer was estimated by performing a control experiment 

to measure the activity mediated by the well-characterized C, 
enhancer'?. Insertion of the Xba I-E fragment at the 5' end of 
the SV40 promoter elements resulted in the production of CAT, 
independent of orientation (pCy -5'-CATa, s), at levels compar- 
able. with those of the respective LPV-containing plasmids in 
BJA-B cells (Fig. 2b). 
To demonstrate that the CAT results directly reflect the CAT 
. transcriptions present, we performed S, nuclease analysis of the 
CAT RNA to map the 5' ends. Although we found that the 
plasmid containing the LPV enhancer showed the same RNA 
start sites as the well-characterized plasmid pSV2-CAT that 
contains the SV40 enhancer (data not shown), the bands detected 
were very weak, preventing us from obtaining quantitative data. 
Therefore, the following experiments were carried out using the 
„САТ assay, as this seemed more sensitive. 
In investigating the host- and cell-type specificity of the LPV 
s enhancer, because LPV seems to infect only cells of B-cell 
lineage, we used à human lymphoma cell line of T-cell origin 
(MOLT-4)** as a recipient for various plasmid constructions. 
Only the LPV 234-bp fragment and the SV40 епһапсег? "75° 
activated CAT production in MOLT-4 cells, and no enzyme 
production was detected after transfection of the plasmid carry- 
ing the C, enhancer (pCu-5’-CATs) or the recipient plasmid 
without insert. (pA10-CAT2) (Fig. 2b). A similar result was 
-obtained after transfection of the plasmid constructions into 
‘two additional established human cell lines (JM-1, CEM-C7) 
with T-cell characteristics (Table 1). Thus, although the C, 
enhancer is active in cells of B-lymphoid origin, it does not 
ѕеет to increase the transcription of transfected recombinant 
;plasmids in the human T-cell lines used. On the other hand, the 
:cell specificity of the LPV fragment seems less strict because 

PV was also active in T cells and in several other non-B-non-T 
lymphoid cell lines (Table 1), whereas none of these cell types 
responded to the C, enhancer. 

Because all the cell lines used in these studies have a trans- 
formed phenotype, it was essential to eliminate the possibility 
that transformation is required for LPV enhancer activity. We 
therefore transfected peripheral blood cells stimulated with con- 
:canavalin A and. pokeweed mitogen and found that these cells 
recognize both LPV and C, enhancers (Table 1). Surprisingly, 

ransfection of two mouse myeloma-derived cell lines, X63Ag8 
(ref. 37) and 15E1 (B. Georg-Fries, personal communication), 
with pLPV-5'-CATs did not yield any CAT, although parallel 
transfections with рСд-5'-САТа showed marked CAT activity 
(Table 1). 

"To determine whether the activity of the LPV activator is 
‘restricted to haematopoietic cells, we analysed the enhancer 
activities after transfection of test plasmids into several estab- 
lished and primary cell lines (Table 1). Using the HeLa cell 
line, which is of epithelial origin, we found that, in transfection 
„experiments the LPV enhancer (pLPV-5'-CATs) did not stimu- 
late activity in these cells, whereas SV40 enhancer (pSV2-CAT) 
yielded large amounts. of CAT (Fig. 2b, Table 1). A similar 
‘difference between LPV and SV40 enhancers was found in 
secondary human foreskin fibroblasts, CV-1 cells and primary 

- hamster embryonic cells. To our surprise, the LPV-transformed** 
. hamster embryonic cell line responded to both LPV and C, 
.enhancers. It is unclear whether this results from a specific cell 
type, selected by transformation with LPV, or whether it results 
from the presence of a trans-acting factor? provided directly 
or indirectly by LPV T-antigen. 

Our results. indicate that а 234-bp fragment from the LPV 

т genome contains an enhancer element. This selected fragment 
contains a 63-bp repeat harbouring the putative enhancer core 









sequence’. Although probable, it remains to be shown that the 
transcriptional enhancement is mediated by this 63-bp repeat. 
Interestingly, this viral enhancer element exerts activity only in 
cells of human haematopoietic origin and in this respect differs 
from the mouse immunoglobulin heavy-chain gene enhancer'? 
which, in our hands, is active only in B-lymphoma cells. 
However, recent experiments by others indicate that the mouse 
C, enhancer is active in some T-cell lines of mouse origin (W. 
Schafiner and D. Baltimore, personal communication). This 
result could be explained by host-range differences and it is 
interesting that the LPV enhancer seems to show a host-range 
effect in addition to the cell-type specificity (Table 1). 
Preliminary evidence indicates that the inability of LPV to 
produce progeny in T lymphoblasts or other haematopoietic 
cells results from a lack of adsorption and/or uncoating of LPV 
particles (M.P., unpublished). Taken together, our data are 
compatible with the previous observation that enhancers interact 
with cellular molecules (refs 40-42 and P. Sassone-Corsi and 
P. Chambon, personal communication). However, only the 
presence of more than one class of cellular factors could explain 
our data satisfactorily. Our present research is directed towards 
the identification of such factors. 
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The ‘operon’ theory of gene regulation’, in which protein repressor 
molecules bind to the operator site of a gene to prevent its transcrip- 
‘tion, is now well established. Recently, however, cases have been 


. .. discovered in which gene expression is regulated by complementary 


_ RNA molecules that are able to bind to the transcripts of particular 
"genes and consequently prevent their translation^ ^. For example, 


the synthesis of OmpF protein (a major outer membrane protein) 


in Escherichia coli is regulated by a short RNA complementary 
to a region of ompF RNA encompassing the ‘Shine-Dalgarno’ 
sequence® and the translation initiation codon”. This RNA has 
been termed micRNA (messenger-RNA-interfering complemen- 
tary RNA), and its discovery has prompted us to construct an 
artificial micRNA system designed to regulate gene expression in 
E. coli’. A given target gene can be repressed by artificially 
producing an RNA (micRNA) complementary to the mRNA 
- encoded by that gene. A micRNA system has also been used 
successfully in tissue-cultured mammalian cells??. The use of 
artificial micRNAs to specifically regulate individual genes has 
great potential as a novel cellular immune system for blocking 
bacteriophage or virus infection. Here, we report that on induction 
of micRNAs directed against the coat protein and/or the replicase 
of the E.. coli bacteriophage SP, phage proliferation was effectively 
prevented. We propose that the micRNA immune system provides 
an effective means of preventing viral infection as well as the 
expression of harmful genes in both prokaryotes and eukaryotes. 
To design a micRNA immune system against phage infection 
in E. coli, we chose coliphage SP, a positive, single-stranded 
RNA, F-specific phage, which was isolated in Japan and 
classified іп the group IV coliphages'". The entire phage genome 
consists of —4.2 kilobases (kb) and its complementary DNA 
has been cloned (pSP219; ҮЛ. and A.H., in preparation). The 
nucleotide sequence of the entire genome reveals that the RNA 
phage codes for a maturation enzyme, coat protein, coat read- 
through protein and replicase (see Fig. 1a) (Y.I. and A.H., in 
preparation). 

Previous work has shown that micRNAs that are able to 
hybridize with the target mRNA over the region containing the 
Shine- Dalgarno sequence arid the initiation codon are the most 
effective repressors of gene expression’. Therefore, fragments 
A and B in Fig. 1 were used to construct the micRNA immune 
system: fragment A consists of the 247-base-pair (bp) Clal/ 
AhallI fragment encompassing the Shine-Dalgarno sequence 
and the initiation codon of coat protein; fragment B consists of 
. the 159-bp Rsal/Aatl fragment encompassing the Shine- 
Dalgarno sequence and the initiation codon of replicase. In 
addition to these two fragments, a DNA fragment (fragment C 
in Fig. 1) from the 3’ end of the phage genome was also used: 
this fragment was derived from a BamHI/Pvul digestion of 
pSP219, a cDNA clone constructed from poly(A)-tailed phage 
RNA. Therefore, fragment C consists of ~690 bp: 411 bp from 
г the C-terminal coding region of the replicase gene, 107 bp from 
the 3-noncoding region, ~60 bp from the poly(A) tail, and 
111 bp from the vector pBR322 ( Prul- Scal). These DNA frag- 
ments were inserted into the unique Xbal site of the micRNA 
cloning vector, pJDC406 (Fig. 15), by blunt-end ligation. Thus, 
transcription of the inserted DNA is controlled by the strong 
lpp promoter and the lac promoter-operator, so that the produc- 
tion of à large amount of RNA transcript can be induced in the 
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Fig. 1 a, Diagrammatic representation. of bacteriophage SP. 
Numbers refer to the distance (in kilobases) from the 3’ terminus. 
Only the relevant restriction sites are shown. RT, coat readthrough 
protein. Fragments A, B and C were used to construct the micRNA 
plasmids pMIC-A, pMIC-B and. pMIC-C respectively. b, Restric- 
tion map of micRNA vector pJDC406. Numbers refer to. size in 
kb. Cross-hatching represents the Ipp promoter, filled circles гер: ` 
resent the lacUVS. promoter-operator, and the open circles тер- 
resent the [pp p-independent transcription terminator. pJDC406 © 
was constructed fram pJDC402 (for description see ref. 7) by 
deleting 0.3 kb downstream of the [рр terminator (including the 
downstream EcoRI site) and changing both Hinfl sites flanking 
the micRNA transcription unit to Smal sites with the use of Smal 
linkers (CCCGGG). The micRNA plasmids were constructed by 
inserting the fragment of interest into the unique Xbal site after.’ 
creating flush ends with DNA polymerase I Klenow fragment. To 
construct pMIC-C:€, the smaller Smal fragment from pMIC-C. 
was inserted into the Poull site of a second pMIC-C, resulting in 
two micC genes on one plasmid. pMIC-A: В and pMIC-A:A were. 
constructed by inserting the smaller Smal fragment from pMIC-A 
into the unique Ndel site of pMIC-B and pMIC-A, respectively: 
pMIC-A:B:C was constructed by inserting the smaller Smal frag- < 
ment from pMIC-C into the unique Aatll site of pMIC-A:B. - 


presence of a lac inducer, such as isopropyl-B- D-thiogalactoside 
(IPTG)’. The orientation of the inserted DNA fragments was 
determined by restriction site analysis, and those plasmids. in 
which fragments A, B and C were inserted in the anti-sense 
transcription direction with respect to the Ipp and lac promoters 
were designated pMIC-A, pMIC-B and pMIC-C, respectively. 
As clear gene dosage effects have been demonstrated pre- 
viously^'', we also constructed the following plasmids carrying 
two or three micRNA genes: pMIC-A: A (2 x micA, that is, two 
micA genes in one plasmid), pMIC-A:B (micA plus micB), 
pMIC-C:C (2 x micC) and pMIC-A: B: C (micA plus micB plus 
micC ). з 
Figure 2a shows growth curves of E. coli A221/ F'LacI* (hsdR 
leuB6 lacY thi recA NtrpES/F' lacI* lac* proAB) carrying the 
construct pMIC-A: B:C. micRNA production was induced by 
adding 2 mM IPTG before phage infection. Phage infection was 
carried out at a multiplicity of infection of —15. Control cells. 
carrying the vector plasmid alone were lysed after infection 
whereas cells carrying pMIC-A : B: C did not lyse in the presence 
of IPTG, although growth stopped after phage infection (Fig. 
2a). This result indicates that the induction of micRNAs 
inhibited the proliferation of phage SP. Partial inhibition was 
Observed even without the addition of IPTG, a result of incom- 
plete repression of micRNA gene transcription in pJDC406 (ref. 
7). Plaque formation was also inhibited when the cells carrying 
pMIC-A: B:C were used as indicator bacteria in the presence 
of IPTG. Figure 3a shows plaque formation of phage SP on E, 
coli JA221/ F'Lacl? carrying only the vector plasmid (pJDC406) 
in the absence and presence of IPTG. IPTG has little effect on 
either the number of plaques or the plaque morphology [Fig. 














“Fig. 2. а, Effect of phage SP on the growth 
.Curve of E. coli JA221/ F'LacI* containing 
SpMIC-A:B:C or pJDC406. Cells were 
grown. in L-broth" containing 5mM 
CaCl, in the presence or absence of the 
































lac inducer IPTG (2mM). 6— 6, Tur- [a 


bidity of cultures containing pMIC- 
A:B:C or pJDC406 without phage SP in 
the presence or absence of IPTG. x+ x, 
Turbidity ofa culture containing pJDC406 
"plus phage SP in the presence or absence 
of IPTG. O - - -O; Turbidity of a culture 
containing pMIC-A: B:C in the presence 
of both IPTG and phage SP. A-- А, 
Density of a culture containing pMIC- 
А:В:С in the absence of IPTG and in the 
presence of phage SP. The labelled arrows 
indicate the times of addition of IPTG (to 
induce the micRNA genes) and of phage 
SP. b, Phage titre of the cell culture at / 
various times after addition of phage SP. 
Circles represent E. coli JA221/F'LacI? 
harbouring pJDC406; triangles represent 
JA221/F'Lac harbouring — pMIC- 
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A: B:C. Open symbols represent cultures i 


grown in the absence of the inducer IPTG; 
solid symbols represent cultures grown in 
the. presence of IPTG (2mM) for 1h 
before phage infection: Cells were grown 
in L-broth containing 5mM CaCl, to a 
Klett-Summerson reading of 10, at which 
point IPTG was added to half of each 
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a(—) and (+)]. However, in the same E. coli strain carrying 
MIC-A: B:C, the number of plaques was drastically decreased 
about one-tenth of the control value (Fig. За) in the presence 
f IPTG. Note that 10 times more phage were plated out in Fig. 
b(+) than on all the others. In addition, the plaques in Fig. 
b(—) are much smaller than the control plaques. In the presence 
f IPTG [Fig. 35(-)], the number of plaques decreased further, 
nd the plaques were very small and difficult to see. These results 
re consistent with those shown in Fig. 2 and clearly demonstrate 
that micRNAs targeted against phage genes are able to effec- 
tively block formation of plaques and phage proliferation. 
Figure 2b shows the phage titre of Е. coli JA221/F'LacI? 
carrying pMIC-A:B:C or the micRNA vector pJDC406 at 
various times after addition of phage SP. In the presence of 
IPTG, the number of infective centres decreased by about four- 
fold in cells carrying pMIC-A: В: С. At 100 min, the phage titre 
of the cells carrying pMIC-A: B:C in the presence of IPTG was 
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culture. The cultures were grown for a further hour to a Klett reading of 55, at which time phage SP was added at a multiplicity of infection 

of 0.1. After 10 min the cultures were diluted 10-fold to decrease the changes of re-infection. At each time point, the appropriate dilutions of 
“each culture were immediately mixed with a large excess of a stationary culture of E. coli A/A and plated on to plates of L-broth. Plaques 
were counted after 12 h of growth. The initial amount of free phage was subtracted from each time point; this number was determined by 
vtitering CHCl;-resistant phage in the culture at 20 min. In all cases free phage numbered ~ 300. 


~0.05 of that observed for control cells (Fig. 2b). Note that 
micA:B:C had very little inhibitory effect in the absence of... 
IPTG compared with cells containing the micRNA vector 
(pJDC406) alone. These results indicate that the inhibitory effect 
of micA : B:C is active throughout the phage infection. The poor 


yield of phage in the cells carrying pMIC-A:B:Cinthepresence ^ ^ 


of IPTG is probably a result of both direct inhibition of transla- 
tion of the phage RNA and degradation of the phage RNA. 
Target mRNA degradation has been shown previously to occur 
after induction of micRNA?". 

To demonstrate that the initial effect of the micRNA is caused 
at least partially by the inhibition of phage protein production, 
E. coli JA221/ F'LacI? (containing either pMIC-A: B:C or the 
control plasmic pJDC406) infected with phage SP was labelled 
for 10 min with *H-leucine. (Infection with phage SP was for 
15 min at a multiplicity of infection of 5, after 1 h induction of 


the micRNAs with 2 mM IPTG.) In the presence of micA:B:C, = 





Table 1 Effects of individual and multiple micRNA genes on SP plaque formation 














Absence of IPTG Presence of IPTG 
Plaque Plaque 
Plasmid Titre* % Inhibitiont morphologyt Titre* % Inhibitiont morphology? 
piDC406 3,650 0 Normal 3,320 0 Normal 
MIC-A:B:C 2,120 42 Small 140 96 Very small 
pMIC-A 2,510 31 Normal 1,290 61 Normal 
pMIC-B 2,670 27 Normal 1,190 64 Small 
pMIC.C 3,570 2 Normal 2,060 38 Normal 
PMIC-A:A 1,860 49 Normal 310 91 Small 
pMIC-A:B 1,710 53 Normal 300 91 Small 
pMIC.C:C 3,170 13 Normal 1,510 55 Small 









t Calculated relative to the values obtained with pJDC406. 


с This value іѕ ап average of at least two determinations (s.d. « 30%). 


+ Plaque morphologies are shown in Fig. 3: a(*) = normal: b(—) = small; b{+) = very small. 




























Fig. 3 SP plaque formation on a lawn of E. coli 
JA221/F'Lacl? containing pJDC406 (a) or pMIC- 
A:B:C (Б) in the absence (—) or preserice (+) of the 
micRNA gene inducer, IPTG. Cultures. were grown to 
late log phase in L-broth", at which time IPTG was 
added (to a final concentration of 2 mM) to half of 
each culture, and growth continued for an additional 
2h. IPTG was added. to the warm L-broth top agar b 
just before plating. Phage and bacteria were mixed 
1min before plating. The concentration of phage 
plated is the same in each case, except for plate b(+) 
in which 10 times more phage were used. 


synthesis of the phage SP coat protein was greatly reduced 
compared with cells carrying only the micRNA vector pJDC406 
(data not shown): other proteins were unaffected. 

The inhibitory effects of pMIC-A:B:C were not due to its 
nonspecific effects on the cells. Cells carrying pMIC-A: B:C are 
fully sensitive to coliphages ОВ (group III) and GA (group П), 
which are F-specific, positive, single-stranded RNA phages; the 
phage GA or ОВ titre remained the same when these phage 
were plated, with or without IPTG, on E. coli JA221/F'LaclI? 
carrying either pMIC-A: B:C or pJDC406 (data not shown). 
This result indicates that such cells are fully capable hosts for 
F-specific phage infection, and that the effects of pMIC-A:B:C 
are specific to phage SP. 

To determine which micRNA genes make the largest contribu- 
tion to the immunity conferred by pMIC-A: B:C, phage titres 
were measured for E. coli JA221/F'LaclI? carrying the various 
micRNA plasmids (Table 1). In the case of the single micRNA 
genes, micB and micA appgar to be more inhibitory to SP in 
the presence of IPTG than micC. Clear gene dosage effects are 
observed in the presence of two micA genes, and when the micA 
gene plus the micB gene are present. The micC gene in either 
the single or double configuration also shows inhibition of phage 
production although to a lesser extent than micA or micB. It 
should be noted that the micC RNA does not encompass the 
Shine-Dalgarno sequence or the initiation codon of replicase 
mRNA. This micRNA may prevent replicase from transcribing 
the positive RNA strand to produce the negative RNA strand, 
by forming a hybrid at the 3' end of the phage RNA. i 

We have demonstrated that micRNAs effectively block the 
proliferation of a specific virus. On the basis of our previqus 
findings’, the micRNAs block the expression of specific SP 
phage genes by inhibiting the translation of these genes. It is 
important to note that the micRNA immune system is highly 
specific; the cells harbouring the micRNA genes directed against 
phage SP are resistant to phage SP, but not to phage GA or Qf. 
In particular, cells were not resistant to phage ОВ despite its 
extensive homology to phage SP (ҮІ. and A.H., in preparation). 
The high specificity of the micRNA immune system is important 
for its application in preventing viral infection and the 
expression of harmful or toxic genes in eukaryotic cells. 

Combined with existing technology, the present report pro- 
vides à promising prospect for the application of the micRNA 

immune system to both plant and animal cells. It is now feasible 
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to establish transgenic animals carrying a micRNA immune 
system(s) directed against a specific virus (such as poliovirus 
or foot-and-mouth disease virus, which are positive, single- 
stranded RNA viruses), by using micRNA genes that are stably 
integrated into the desired host genome. Similarly, тісЕМА ` 
immune systems directed against plant viruses can be introduced 
into the genomes of plant protoplasts which can subsequently 
be regenerated into mature fertile plants. Also, artificial micRNA 
repressors have great potential for use in the functional charac- 
terization of unknown genes, the repression of harmful genes . 
such as oncogenes, and altered regulation of developmental . 
genes. 

We thank Dr A. Jacobson for helpful discussion during this. 
work. The secretarial assistance of Margaret Yazulla and Laura. 
Antonacci is gratefully acknowledged. This work was supported 
by USPHS grant GM19043. 
Note added in proof. Melton'^ has recently shown that com- 
plementary RNA injected into frog oocytes will block translation 
of the specific RNA in vivo. In addition, Rosenberg et al? have 
recently shown that when RNA complementary to the Krüppel : 
gene is injected into Drosophila embryos, a Krüppel phenocopy 
is produced. Furthermore, Izant and Weintraub'* have demon- 
strated that a micRNA gene сап be inducibly expressed to: 
function in mouse L-cells. Also, Pestha et al!" have demon- ^ 
strated in E. coli the production of B-galactosidase can be 
inhibited by the production of a complementary RNA. 
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The concept of complementary base pairing, integral to the double- 
helical structure of DNA, provides an effective and elegant mechan- 
ism for the faithful transmission of genetic information’. Implicit 
in this model, however, is the potential for incorporating non- 
complementary base pairs (mismatches) during replication or sub- 
sequently, for example, during genetic recombination. As such 
errors are usually damaging to the organism, they are generally 
detected and repaired. Occasionally, however, the propagation of 
erroneous copies of the genome confers a selective advantage, 
leading to genetic variation and evolutionary change. An under- 
standing of the nature of base-pair mismatches at a molecular 
level, and the effect of incorporation of such errors on the secondary 
structure of DNA is thus of fundamental importance. We now 
report the first single-crystal X-ray analysis of a DNA fragment, 
d(GGGGCTCC), which contains two non-complementary G-T 
base pairs, and discuss the implications of the results for the in 
tivo recognition of base-pair mismatches. 

* Two principal schemes have been proposed for hydrogen 
bonding between non-complementary bases. One of these 
schemes? involves minor tautomeric forms of the bases 
(Fig. 1a, b); the resultant base pairs are stereochemically indis- 
tinguishable from complementary Watson-Crick base pairs (Fig. 
c, d). The estimated frequencies of minor tautomers correlate 
ell with the observed frequencies of substitution mutations? 
but there is, to date, no direct structural evidence for such base 
pairs. In the second scheme$, both bases are in the major 
tautomer form, but use different functional groups for hydrogen 
bonding than Watson-Crick base pairs (Fig. le, f). ‘Wobble’ 
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Fig. 1 Schematic diagram of various postulated base-pairing 
. schemes. a, b, Tautomer pairs; c, d, Watson-Crick base pairs; e, f, 
wobble base pairs. Bases in their rare tautomer (imino/enol) forms 
-are marked by asterisks. 





Fig.2 a, The G-T wobble base pair observed in the crystal 

structure of d(GGGGCTCC), b, Superposition of the G- T wobble 

base pair observed in the crystal structure (dark bonds) on an ideal 

G-C pair. The figure was constructed by calculating the best 

molecular fit of the refined structure of d(GGGGCTCC) with a 

model of d(GGGGCCCC) derived from A-DNA fibre coor- 
dinates", 


base pairs of this type have been observed in various transfer 
RNA crystal structures "!! and in recent nuclear magnetic reson- 
ance solution studies of deoxyoligonucleotides!^'? and poly- 
тегѕ!*. Mis-insertion of bases in their major tautomer form 
during replication is indicated by kinetic experiments with DNA 
polymerase I (ref. 15). The energetics of mismatched base pairs 
have been studied theoretically!* 

Detailed structural information about complementary base 


pairs is available from single-crystal X-ray diffraction studies — 


of synthetic deoxyoligonucleotides'*??, We have now extended ` 
this technique to mismatched base pairs by modifying the 
sequences synthesized so as to include non-complementary 
bases. The sequence d(GGGGCTCC) is a variant on two other 
A-DNA type octamers already investigated, d((GGTATACC)^! 
and d(GGGGCCCC)”. It was prepared by solid-phase triester 
methods? and crystallized from a buffered 3 mM solution of 
DNA (pH 6.5) with 28 mM MgCL, kept at 4 °С. The hexagonal 
crystals, space group P6, Z=1 octamer duplex, had cell 
dimensions of a = b = 45.20 A, c= 42.97 A, close to those of the 


parent octamers. Diffractometer measurements at 2 °С yielded —.— 


2,414 unique reflections. 

A molecular model of d(GGGGCTCC). was constructed, 
using fibre coordinates for A-DNA™. The С and T bases were | 
related as in the minor tautomer pair of Fig. 1a. The coordinates 
of this model, after best molecular fit to d(GGGGCCCC), were 
the starting point for the refinement by constrained/restrained 
least-squares techniques. During the refinement no restraints 
were imposed on either the hydrogen bonding between the.G 
and T bases or the sugar conformation. The: present report 
describes the structure at the convergence of the CORELS? 
refinement at R= 19.4% for the 1,954 reflections with F> 
2o(F,). Further refinement by the Hendrickson-Konnert”® tech- 
nique reduced the R factor to 14.5% andallowed the localization 
of 56 water molecules, but did not result in any significant 
changes in the DNA structure. Full details will be reported 
elsewhere. 

During the refinement the largest changes occurred at the 
positions of the G-T base pairs. The initial 2-fold molecular 
symmetry was, however, largely retained, as was the geometry 
of the six G- C base pairs. The bases in the mismatch pairs 
shifted substantially from their original positions, bringing the 
keto O-2 and the imino N-3 atoms of thymine within hydrogen- 
bonding distances of the imino N-1 and keto O-6 atoms of 
guanine. The refined structure shows unambiguously that both 
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Fig.3 Stereoscopic view of d(GGGGCTCC) 

looking into the minor groove. The G- T wobble 

pairs lie on either side of the two central G C 
pairs 


i 


mismatches are of the wobble type with the bases in the major 
tautomeric forms (Fig. 2a), and gives the first view of a base-pair 
mismatch in the crystal structure of a DNA fragment. The 
geometry of the hydrogen bonds linking the bases is good with 
N---O distances of 2.81 A and 2.85 А in the first, and 2.50 А 
and 2.66 A in the second wobble pair. 

Comparison of the G-T wobble pair with a Watson-Crick 
G:C base pair (Fig. 2b) indicates that the mismatch can be 
accommodated in the double helix without appreciable per- 
turbation of the backbone. The sugar conformation remains C-3' 
endo. The C-1—C-1' distance is 10.2 À, close to that observed 
in.G:C pairs. 

The greater part of the latera] displacement of the bases is 
the movement of the thymine into the major groove with root 
mean square (r.m.s.) displacements of 0.74 À (for G) and 1.25 À 
(for T) (Fig. 2b). As a result, the angles between the glycosidic 
bonds and the C-1'—C-1' vector, which are symmetrical in 
Watson-Crick pairs (54-58°)?”, assume values of 70° for T and 
41° for С averaged over the two С.Т pairs. The free keto O-4 
atom of thymine now protrudes into the major groove and the 
N-2 amino group of guanine into the minor groove; these are 
available for hydrogen bonding to either solvent molecules or 
neighbouring double helices. The presence of the two G- T base 
pairs does not appreciably affect the overall conformation of 
the A-DNA helix (Fig. 3). The average helical parameters and 
torsion angles (Table 1) compare well with the corresponding 
values for the two isomorphous structures. The packing of the 
duplexes in the crystal structure is similar to that in other A-type 
structures!?. d 

Stacking interactions between adjacent base pairs have a 
major influence on the conformational stability of double- 
stranded DNA, and have been shown to give rise to sequence- 
dependent conformational effects?*??, Figure 4 compares the 
base-stacking overlaps in d((GGGGCTCC) with the equivalent 
steps of A-DNA from fibre data. The most striking change is 
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the improvement of the stacking at the wobble pairs on the 5’ 
side of the thymine zs a consequence of its displacement into 
the major groove (Fig. 4c). On the 3’ side of the thymine there 
is virtually no overlap between the pyrimidines (Fig. 4b). This 
trend has also been observed for G-U base pairs in tRNA!'. 
The stacking of the purines on either side of the mismatch 
appears to be unaffected. 

The structural results derived from the present investigation 
may have implications for the fidelity of replication and the 
enzymatic recognition of DNA containing a base pair mismatch. 
These results can be considered at four levels: the tautomeric 
form of the bases; local effects, such as base stacking in the 
neighbourhood of the mismatch; the influence of the base mis- 
pairing on the global conformation of the double helix; and the 
disposition of structuzal elements, particularly hydrogen donors 
and acceptors, in a mismatched base pair. 

Fidelity of replication is maintained by an elaborate and as 
yet only partially understood mechanism involving specificity 
of base selection at the insertion step, proofreading (excision 
of incorrect bases) and post-replicative mismatch repair? Bio- 
chemical experiments show that non-complementary bases in 
their major tautomer forms can be incorporated during replica- 
tion. Fersht and co-workers have found this to be the case for 
purine-pyrimidine mismatches by kinetic analysis of DNA 
polymerase I mis-insertion rates". The wobble base pair found 
in the crystal structure examined here may be a good model for 
G- T mis-insertions. 

There is good evidence that mis-insertion frequencies in vitro 
are dependent on the DNA sequence and that this may be a 
consequence of base stacking effects at the site of the mismatch?!. 
The present investigation, based as it is on experimental data 
from a specific sequence, gives precise information about local 
changes in base stacking; it shows ın particular an improvement 
in pyrimidine-pyrimidine stacking on the 5' side of the thymine 
base of the С.Т wobble pair. 











Table 1 Overall helical parameters and mean torsional angles for A-DNA structures 
. d(GGGGCTCC) d(GGGGCCCC) d(GGTATACC) Fibre model 

Twist per b p. 33 4° 31.6° 32.3° 327° 
Base pairs рег turn 10.8 114 11.1 11.0 
Ruse per b.p (A) 30 2.9 2.9 26 
Base tilt 11° 13° 15° 19° 
Propeller twist 15° 10° 13° Variable 
a -81 —76 —62 —50 
B 177 178 173 172 
Y 65 62 52 41 
8 76 84 88 79 
Е : —136 —156 —152 —146 
é —68 -70 —78 —78 
X —163 —-158 —160 —154 
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Helical parameters are as defined by Fratini et al*!, bp, Base pair The glycosidic torsion angle is defined by the atoms О-1'—С-1'—Ї-1'—С-2 
(pyrimidine)or O-1'—C-1'—N-9—C-4 (purine). Backbone torsional angles are defined by P=O-5’£.c.5'2C-4'2£C-3'£0-3'£P 
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G1-C16 on G2-C16 





G2:C15 on G3-T14 


94:С13 oh C5:G12 


G4-C13 on C5:G12 


Fig.4 Projected view of four steps of d(GGGGCTCC) (nght) 
compared with equivalent steps, derived from the A:DNA fibre 
model of poly(dG) : poly(dC) (left). The view is perpendicular to 
the mean plane through the upper base pairs and is in the 5’ to 3' 
direction of strand (G-1-G-4) The upper and lower base pairs are 
differentiated by dark and light bonds, respectively. Only one half 
of the octamer is illustrated as the pattern of base stacking 1s 
symmetrical about the pseudo 2-fold axis. Note the similarity of 
the base stacking in the structures at the end step (a) and the 
centre step (d). At the site of the mismatch, the stacking of T on 
C is improvéd compared with C on C in the fibre (c) but the 
stacking of C on T (b) is unaffected. 


Once the G: T wobble pair is incorporated in the double helix, 
it causes little perturbation to the global conformation. Never- 
theless, it is discriminated against at various stages both during 
and after replication. The role of DNA polymerase in the 
recognition of incorrect base pairs is indicated by the variation 
of in vitro mutation frequencies with the nature of the polym- 
érase?^-55, 

DNA polymerase is thought to have only, one active site for 
synthesis, which is able to-accommodate all four Watson-Crick 
base pairs?*. These base pairs:ayé, as a characteristic structural 
feature, a pseudo 2-fold axis in the plane of the base pair 
perpendicular to the C-1' —C-1' vector, resulting in symmetrical 
disposition of the glycosidic bonds (Fig. 1c d). As a con- 
Sequence of this symmetry, the positions of the N-3 of guanine; 
the O-2 of cytosine, the N-3 of adenine, and the O-2 of thymine 
are approximately equivalent. These atoms are all potential 
Hydrogeh acceptors. 

ч The X-ray analysis shows that С.Т wobble base pairs in 
d(GGGGCTCC) lack diad symmetry. The guanine N-3 and 
thymine O-2 atoms are displaced from their positions in standard 
Watson-Crick base pairs and are no longer equivalent. The 
location of these functional groups may be an important factor 
in enzymatic recofnition. The positions of other atoms in the 
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G- T wobble pair also change. The movement of the O-4 and 
the 5-methyl groups of thymine into the major groove may result 
in steric hindrance at tlie active site. Despite these differences, 
some major tautomer mismatches escape detection during in 
vitro DNA replication, possibly because of thé lack of base 
specificity of DNA polymerase. However, at the post-replicative 
stage there шау be a more specific recognition system with 
separate enzymes or active sites for the different mismatched 
pairs”. 

The present investigation gives high-resolution structural 
information about a G- T mismatch in a DNA sequence which 
crystallizes as an A-type helix. There is a need to examine base 
pair mismatches in all known DNA helices as there is accumulat- 
ing evidence for conformational flexibility of in vivo stretches 
of DNA?*-*!, We have recently solved, and are currently refining, 
other crystal structurés dnd find that the G- T wobble pair, with 
the same hydrogén-bonding pattern, also occurs in a Z-DNA 
fragment d(TGCGCG) (К = 24%), in a B-DNA dodecamer 
d(CGCGAATTTGCG (R=23%), and in another A-type 
octamer, d(GGGGTCCC) (R=15%). The results of these 
studies will be reported élsewhere. Our current investigations 
establish the feasibility of introducing errors into DNA sequen- 
ces known to crystallize as A, B or Z helices, opening up the 
possibility of studying a variety of base pair mismatches and 
modified bases in different environments. This approach may 
lead to a, better understanding, at the molecular level, of depar- 
tures from complementary base pairing in the double helix. 
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discussions, and Professor R. A. Raphael for his advice and 
unfailing support. We thank our colleague Dr W. Hunter who 
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The future lies ahead 





Gunther S. Stent 





Solid Clues: Quantum Physics, Molecular Biology, and the Future of Science. 


By Gerald Feinberg. 


Simon & Schuster: 1985. Pp.287. $17.95. To be published in Britain 


later this year by Heinemann. 








INTHE Introduction to Solid Clues, Gerald 
Feinberg observes that 40 years ago no one 
predicted the enormous expansion of 
science then imminent. This unpredicted 
expansion included also the rise of 
“‘futurology’’, the very discipline 
dedicated to correcting our generally 
myopic view of the future. In contrast to 
old-time, apocalyptic or millennarian pro- 
phecy, which foretold the future on the 
basis of inspired visions in terms of value- 
laden, prescriptive proclamations, the 
predictions of futurology are phrased as 
rational arguments, based on some theory 
of the dynamics of history, and take the 
form of value-free and descriptive propo- 
Sitions. 

Feinberg’s avowed purpose is to predict 
the changes that will take place over the 
next few decades in the content of science 
and the lives of scientists. He concentrates 
his attention on physics and biology, the 
two branches of contemporary science 
which he -finds to be progressing most 
rapidly and likely to produce the most im- 
portant discoveries. Fortunately, as a pro- 
fessor of physics at Columbia University 
and having read some books and articles on 
contemporary biology, Feinberg is able to 
assess the present status of these two 
vanguard disciplines. Unfortunately, he 
seems to lack the grounding in the 
philosophies of science and history needed 
by the would-be futurologist, as well as an 
appreciation of what counts as a rational 
argument in the social sciences (rather than 
a mere assertion) and as a significant 
prediction (rather than a futurological 
platitude). 

Feinberg will surprise few readers with 
his disclosure that one of ‘‘the main engines 
of change in science, the forces that act to 
change science from within and from the 
outside” is the development and applica- 
tion of new experimental, observational 
and mathematical techniques. Equally 
unsurprising is his revelation of the public 
attitude to science, reflected by the provi- 
sion (or withholding) of financial support 
and the encouragement (or proscription) of 
certain topics of research, as another such 
main engine (or brake). So, how, being 
driven by these engines, is science going to 
advance in the future? Well, it will answer 
some old questions and discard: others, 
with some of the answers to old questions 
in turn raising new questions. Is science 
going to progress indefinitely? Yes and no: 
“їп some areas of science, new answers 
may bring us close to exhausting fun- 


i 





damental discoveries in the field . . . 
[whereas] other fields, such as cosmology, 
are more open-ended’’. Feinberg lists some 
of the currently unsolved problems of 
cosmology and suggests novel observa- 
tional techniques whose development 
would open up entirely new cosmological 
vistas. But he does not present any explicit 
argument which shows why cosmology is 
open-ended. 

For the future of biology, Feinberg 
seems safe in predicting that its '*main 
workis to find answers to many of the open 
questions about living things’’. He believes 
that the origin of life, metazoan develop- 
ment — from zygote to cadaver — and the 
nervous system loom large among such 
questions. He predicts, moreover, that the 
incipient development of X-ray laser 
holography will advance the frontiers of 
biology as far as did the invention of the 
optical microscope in the seventeenth cen- 
tury. Whether there are any open-ended 
areas of biology, however, Feinberg does 
not say, nor does he trouble to justify his 
rather doubtful prediction that ‘‘biology 
will become more like the physical sciences, 
reasoning from general principles to 
specific cases’’. 

Feinberg thinks that ‘‘of all the changes 
that have taken place in recent years in how 
science is done, none is more fundamental 
and sweeping than the use of computers... 
computers are now launching science into a 
new age". This phenomenon is at- 
tributable not merely to the capacity of 
computers to manage vast amounts of 


New journals review 


On 26 September Nature will publish the 
fifth annual review supplement devoted to 
science journals. 

Criteria for inclusion of a journal in the 
1985 issue are that: 

(i) the first number appeared, or the journal 
was retitled, between June 1983 and May 1984 
(the second cut-off date allows at least three 
issues of a journal to have been published, the 
minimum number on which a reasonable 
judgement can be based); 


(п) it is published at least three times a year; 
(iti) the main language used is English. 


Publishers and learned societies are invited 
to send four different issues of each suitable 
periodical, including the first and most recent 
numbers (if from outside the United 
Kingdom, by air mail) to: The Review Editor, 
Nature, 4 Little Essex Street, London WC2R 
3LF, England. Subscription details for both 
1985 and 1986 should be included. 








data, such as those which accumulate in 
particle physics experiments carried out in 
high-energy accelerators or in molecular 
biological analyses of DNA and protein se- 
quences. No, we are on our way to a new 
age because ‘‘one of the most intriguing 
possibilities is that computers will someday 
be developed that equal or even surpass 
human capabilities for creating new scien- 
tific ideas". Feinberg cites Herbert 
Simon’s **Bacon"' program of scientific in- 
duction as a first stage on the trip to the new 
age, apparently unaware that the inductive 
Baconian model of scientific discovery fail- 
ed, not because, as he claims, ‘‘there was 
no straightforward method of finding pat- 
tern in the data’’, but because of the need 
to make an intuitive preselection of the 
kind of data in which a significant pattern 
is to be sought in the first place. (In the case 
of Simon’s program, the computer is pro- 
vided with such preselected data as paired 
values of force and acceleration and, fin- 
ding that they vary in direct proportion, the 
computer *''discovers" Newton’s Law.) 
The well-known epistemological critique 
of claims on behalf of creatively 
‘‘intelligent’’ machines notwithstanding, 
Feinberg imagines ‘‘a future in which in the 
early training of a scientist the computer 
will act as a teacher, and later as a research 
collaborator”. 

What about technological advances? 
Feinberg points to ‘‘nanoengineering’’, or 
direct physical manipulation of molecules 
or atoms, which will allow ‘‘the construc- 
tion of objects of a previously unimagined 
complexity" and the production of novel 
materials whose strength exceeds that of 
presently available materials by factors 
of many thousands. And then there is, 
of course, the new ‘“‘biotechnology’’, 
including genetic engineering, for which 
Feinberg is not alone in anticipating pro- 
found effects on the human condition, 
especially in so far as modifying the natural 
process of ageing is concerned. 

Feinberg concludes his essay with a 
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discussion of two philosophical issues. One 
is the place of science in the world; here, 
more prophet than futurologist, Feinberg 
strikes a righteous pose. He offers 
dogmatic pronouncements about a wide 
range of religious, ethical, political and 
sociological topics, which reflect mainly 
the unsophisticated views of the typical 
scientist-in-the-street. The other issue con- 
cerns the change in the nature of scientific 
explanation and the possible limits to 
understanding. Thanks to his professional 
background in modern physics, Feinberg 
has a much better grasp of this matter. He 
shows how the rise of the quantum theory 
has eroded some of the basic conceptual 
ingredients of explanation — foremost 
among them cause and effect. Moreover, 
many of the unsolved problems in both 
physics and biology pertain to highly com- 
plex systems in which tiny fluctuations in 
one variable have huge effects on other 
variables. The ‘‘chaotic’’ behaviour of 
such systems limits the degree to which we 
can hope to fathom them. Thus, as 
Feinberg points out to his regret, ‘‘future 
science may see more restrictions on what 
we are able to understand and predict’’. 
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Also, because of ‘‘the immense expansion 
of scientific information . . . scientists can 
learn an ever smaller part of what is known 
and can concern themselves with an ever 
narrower segment of it... . Science is thus 
in some danger of losing its character as a 
cumulative body of knowledge”. Despite 
his regret over these limits, Feinberg ends 
on an upbeat note, befitting his smiling, 
simpatico portrait shown on the dust 
jacket: ‘‘Present and future discoveries in 
science can transform human life. All of 
these represent bright prospects of future 
science’’. 

It may be mean to cavil at this well- 
meaning essay by a scientist whose interests 
and concerns clearly transcend his research 
specialization. But, all the same, it would 
be negligent for a reviewer not tó point out 
that, just as in the **hard" natural sciences, 
there are also professional standards in the 
“soft” social sciences, and that, just as in 
particle physics, in futurology triviality is 
even more grievous than error. a 


Gunther S. Stent is Professor of Molecular 
Biology at the University of California, 
Berkeley. 





At the interface 
D.H. Everett 


Adsorption and the Gibbs Surface 
Excess. 

By D. K. Chattoraj and K. S. Birdi. 
Plenum:1985. Pp.471. 

371.40, £56.53. 


IN THIS book Chattoraj and Birdi have set 
out to demonstrate the central role played 
by the Gibbs surface excess in describing 
adsorption phenomena in systems involv- 
ing liquid-vapour, liquid-liquid, solid- 
vapour and solid-liquid interfaces, and in 
biological structures. This attempt to pre- 
sent a unified approach to a wide range of 
phenomena is to be welcomed. Unfortu- 
nately, the treatment leaves much to be 
desired. 

The arguments employed often lack the 
rigour and self-consistency essential in 
discussions of thermodynamics. Thus, in 
the introductory chapter, the surface 
tension is introduced simply as ‘‘surface 
energy", while in considering the equi- 
librium between bulk and surface phases 
the role of surface tension is ignored. 
Later, in Chapters 3 and 5, correct deriva- 
tions of theequilibrium condition are given 
and the surface tension term is now includ- 
ed. In the earlier treatment the surface 
tension term is apparently hidden in the 
surface activity coefficient, as perhaps im- 
plied in the unhelpful comment that “һе 
standard scale for the surface activity coef- 
ficient is uncertain’’. Elsewhere different 
definitions of surface activity coefficients 
are introduced: that they are different 
quantities is suggested by the comment that 








one must ‘‘use the appropriate reference 
scale’. Which? Also puzzling is this state- 
ment: 


In the derivation of the Gibbs adsorption equa- 
tion the contribution of the fj -phase to the inter- 
facial phase is implicitly neglected. The surface 
activity coefficients thus evaluated ın all pro- 
bability [my italics] include this contribution. 


Words such as ‘‘in all probability'' are un- 
acceptable in a thermodynamic argument. 
Description of the Gibbs method is, 
surprisingly, deferred until Chapter 3: it 
should have been in Chapter 1. The formal 
definition is correct, but its status is 
obscured by the comment that *'this ap- 
proach is extrathermodynamic but no 
mathematical error is involved in the postu- 
late". There is nothing extra-thermo- 
dynamic in Gibbs's treatment: what it does 
is to provide a means of quantifying the 
macroscopic stoichiometric effect of the 
inhomogeneous distribution of matter in 
the interface. At no stage did Gibbs 
*'imagine" that the '*moles of solvent pre- 
sent in the interfacial region is zero". His 
definition is independent of any molecular 
model, a feature which gives it its power, 
usefulness and wide applicability. 

The book is illustrated by a substantial 
body of experimental material drawn from 
a variety of systems, much of it originating 
from the authors’ laboratories. Overall, 
one has considerable sympathy with Chat- 
toraj and Birdi's objectives, which are to 
some extent achieved. But it is unfortunate 
that to get the best out of the book the 
reader has to be constantly on the alert to 
avoid being misled. QO 





D Н. Everett is Emeritus Professor of Physical 
Chemistry at the University of Bristol. 








Breeding resources 
A.D. Bradshaw 








Crop Genetic Resources: Conservation 
and Evaluation. 

Edited by J.H.W. Holden and J.T. 
Williams. 

George Allen &, Unwin: 1984. Pp.296. 
Hbk £25, $40; pbk £9.95, $14.95. 





THE key to this book is on p.212. In a 
well-documented review amongst a group 
of similar papers, J.R. Harlan assesses the 
value of wild relatives of crop plants in 
modern plant breeding. If anybody thought 
that we could do without all this wild 
material, here is the corrective — a sober 
account of the improvements in ecological 
tolerance, disease and pest resistance, quali- 
ty, yield and even modes of reproduction 
which have come from relatives of present 
crop plants. But at the same time Harlan 
illustrates the consequent dilemma: because 
this potentially valuable material is scat- 
tered through innumerable species around 
the world, it is almost impossible to 
know where the next important source 
will be. 

This is of course only half the story. The 
enormous losses of natural and semi- 
natural environments and the increasingly 
widespread use of new crop varieties mean 
that this wealth of genetic material is rapid- 
ly being depleted. Landmarks in the growth 
of concern were two FAO/IBP conferences 
(1968 and 1973) on the conservation of crop 
genetic resources. Also in 1973, the Inter- 
national Board for Plant Genetic Resources 
was formed to bring some international 
organization into the many efforts which 
were then starting, including the interna- 
tional network of regional centres for crop 
research and genetic conservation. 

Ten years have now passed. In the book 
there are 24 papers reviewing the progres: 
that has been made, each written by peo- 
ple who are eminent in their field. It is their 
undoubted experience which leaves a feel- 
ing of great unease about the magnitude of 
the task ahead. 

It is easy to define some of the dif- 
ficulties. In the first part of the book, on 
seed storage, Roberts and Ellis show 
elegantly the progress that has been made 
in quantifying deterioration by predictive 
equations, and Hanson how we are becom- 
ing able to store even some recalcitrant 
seeds. Ellis and Roberts discuss program- 
mes for monitoring deterioration, ad- 
vocating important new systems of sequen- 
tial probability ratio tests. But while the 
International Rice Research Institute had 
25,600 accessions 1n 1974, it now has more 
than 50,000. Despite improvements, the 
problem remains enormous. 

The second group of papers deals with 
the capture and retention of variability. 
Gale and Lawrence consider how to over- 
come the problems of the decay of 
variability in conserved material, while 
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Chapman discusses the size of seed banks. 
This should be a crucial paper but few peo- 
ple will be convinced that the problem can 
be resolved on the basis that the variabili- 
ty in which plant breeders are intetested is 
distributed at random; indeed several of the 
other contributions indicate that it is not, 
particularly because of the local origin of 
variation and the impact of local selection. 
The assessment by Singh and Williams is 
much more pragmatic. 

Progress in in vitro preservation is 
covered by Withers; the problems of preser- 
vation of wild species in situ by various 
forms of nature reserves are assessed 
judiciously by Ingram and Williaths; and 
there is a series of excellent papers on the 
evaluation of what has been collected. 
Apart from Harlan’s review, we are left 
with the overwhelming picture that we can 
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conserve anything if we have the money, 
but that we are drowning in the twin pro- 
blems of what to conserve and, once we 
have conserved it, how to use it. Papers on 
the fashionable new technique of some 
clonal variation and recombinant DNA 
suggest that this is where the future lies. I 
doubt it. 

In his final paper, Holden argues that 
orthodoxy allied to critical commonsense 
is the real way forward. We shall need 
further collections, but now they must be 
only of threatened material and to cover 
particular deficiencies, and must be on an 
international basis: a very sensible end to 
a valuable and provocative book. O 


A.D. Bradshaw ts Holbrook Gaskell Professor 
of Botany at the University of Liverpool. 





Mixed selection 
Richard G. Klein 








Hominid Evolution and Community 
Ecology: Prehistoric Human Adaptation 
in Biological Perspective. 

Edited by Robert Foley. 

Academic: 1984, Pp.296. $37.50, £24. 


WHILE the layman may be fascinated 
simply by the great age of ancient bones 
and artefacts, palaeoanthropologists value 
them mainly as data by which to follow the 
course of human biological and cultural 
evolution, Such objects are often am- 
biguous in their implications, and using 
them to construct a truly compelling and 
comprehensive story remains a difficult 
task. In large part, the problem is the ac- 
tual quantity and quality of bones, artefacts 
and other real data, which are often 
distressingly sparse. In part, it is also a mat- 
ter of the need for more powerful analytical 
frameworks, based largely on present pro- 
cesses that must also have operated in the 
past. 

One framework that nearly all palaeo- 
anthropologists use, at least implicitly, 
centres on the concept of natural selection 
and its ramifications, that is evolutionary 
theory. Robert Foley, the editor of this 
book, believes that palaeoanthropologists 
should apply evolutionary theory more ex- 
plicitly, especially the idea of coevolution, 
according to which miembers of an 
ecological community evolve at least part- 
ly m response to evolutionary changes in 
other members. Thus, for example, as 
predators become fleeter of foot, natural 
selection will tend to favour fleeter prey, 
and fleeter prey will in turn lead to selec- 
tion for fleeter predators. 

To explore the implications of ecological 
thinking for palaeoanthropology, in 1981 
Foley organized a symposium from which 
the present book grew. Six of the con- 
tributors attended the symposium and four 
did not, but each was asked to write a 





chapter illustrating the role of ecological 
concepts in understanding human evolu- 
tion. Perhaps not surprisingly, Foley's own 
contributions come closest to the mark. In 
the first of his two chapters, he succinctly 
outlines those aspects of evolutionary 
theory he thinks palaeoanthropologists will 
find most pertinent. In the second he 
discusses the variables — mode of locorno- 
tion, body size, population density, home 
range size, group size, diet, social organiza- 
tion, environment and so forth — that are 
clearly crucial for reconstructing the 
ecology of very early people. Unfortunate- 
ly, most of the variables are very poorly 
controlled with real data, and Foley's 
ecological reconstruction 1s necessarily 
vague and inconclusive. 

Among the other authors, perhaps the 
one who took Foley's brief most seriously 
was Garrard, who suggests that the extinc- 
tion of some Pleistocene mammals in 
south-west Asia may have been caused by 
*human interspecific competition", by 
which he means competition between peo- 
ple and animals for the same resources. 
This 1s an interesting possibility, but Gar- 
rard presents no real supporting evidence, 
and his treatment of the broader issue of 
extinctions is very weak, despite its obvious 
relevance to the book's main purpose. 

Two other contributors who deal 
reasonably closely with Foley's stated 
theme are Turner and Gamble. In an essay 
that is stimulating and thoughtful, but 
ultimately unconvincing, Turner argues 
that the Middle and Upper Pleistocene 
dispersal of human beings across Eurasia 
and into the Americas can be illuminated 
by an analysis of the dispersal of other large 
mammals, especially predators. In a 
stylistically similar essay dominated by 
highly readable argumentation rather than 
empirical demonstration, Gamble suggests 
that differerices in available energy can be 
used to explain regional variation in the 
Palaeolithic archaeological record of 
Europe. 

Some of the remaining chápters are 
closer to the book's theme than others, but 











none deal with it directly. Potts concludes 
that early people probably accumulated 
most of the bones at some sites in Olduvai 
Bed I, though the sites need not have been 
“home bases" in the sense of modern 
hunter-gatherer camp sites. To support his 
conclusion, Potts cites the presence of 
numerous stone artefacts, as well as 
features of the bone assemblages that are 
probably due to people rather than to 
carnivores or other ‘‘natural’’ agencies. 

Scott deals clearly and succinctly with the 
evidence for human occupation of Britain 
in the second half of the Last Glacial 
period. Conditions were obviously extreme- 
ly harsh and, compared to the situation in 
many parts of western Europe, people ap- 
pear to have been rare. Hill touches on the 
cuestion of how we might distinguish bone 
accumulations created by hyenas from 
those created by people, but he focuses 
mainly on the scientific~-philosophical 
nature of explanation or interpretation in 
palaeoanthropology. Although it might not 
have been Hill's intention, it could be con- 
cluded that he believes the interpretation 
of Plio-Pleistocene bone assemblages is 
something we can write about but not 
actually do. 

Gowlett sees stoné artefacts, humanly 
butchered animal bones and other arch- 
aeological traces as reflections of the ex- 
1stence of human mental abilities from at 
least two million years ago. He may also 
believe that natural selection sponsored 
progressive change through time in these 
abilities, but from his presentation one 
cannot be sure. 

Finally, Roberts provides a clear, up-to- 
date and comprehensive overview of 
Pleistocene climatic change, particularly as 
it is known from deep-sea cores, and 
Stringer surveys the human fossil record, 
stressing broad issues such as the mode of 
human evolution (whether gradual or punc- 
tuated) and the possible importance of 
climate as a selective factor on body form 
іг fossil people. As independent contribu- 
tions in their respective fields, Roberts's 
and Stringer's chápters are among the best 
in the book, but they are also among the 
furthest from the central theme. 

Sadly the book does not demonstrate the 
value of specific ecological concepts for 
understanding human evolution, if only 
because most of the authors fail to address 
the issue directly. Beyond lacking a com- 
mon focus, the chapters also vary con- 
siderably in quality, and 1 think it can 
reasonably be asked whether they should 
have been published together. There is & 
great deal in the book to interest any 
palaeoanthropologist, but there is also 
much thát would have been winnowed out 
or improved if the papers had been sub- 
jected to the refereeing process used by 
most specialist journals. 














Richard G. Klein is a Professor in the Depart- 
ment of Anthropology at the University of 
Chicago. 


Recipes for success 
in the laboratory 


Richard Perham 


Methods in Molecular Biology, Vols 1 
and 2. 

Edited by John M. Walker. 

Humana/ Wiley: 1984/1985. Each volume 
pp.370, $45, £41. 


A CYNICAL older colleague once advised 
me that any successful academic. would 


would he be prevented from saying ‘On 
the one hand, this; on the other hand, 
that’’. By the same token, the author of a 
book on methodsis confronted with acom- 
parable problem; do 1 tell my readers about 
all the different ways to carry out this or 
that technique or do 1 limit myself to one 
which, from personal experience, 1 know 
works? Any practising molecular biologist 
will be aware that the same experimental 
techniquc is often carried out differently in 
different laboratories. The differences may 
be major, they may be minor: in some 
instances they will actually matter. 

The contributors to these two volumes 
have, for the most part, opted for the 
second coursc. Each method selected for 
description receives an account replete with 
experimental detail, taken presumably 
from the author's laboratory notebooks. 
There are few caveats, even fewer descrip- 
tions of variations or alternatives. There 
are, of course, further references given for 
those interested in pursuing them and 
sometimes a range of useful hints on 
trouble-shooting. Volume 1 deals with pro- 
teins, Vol. 2 with nucleic acids. І cannot 
speak with authority on every method 
listed — the net has been cast very wide — 
but I could find no serious fault with the 
recipes for those methods 1 know well. 

I do have some reservations. For ex- 
ample, Vol. 1 has 38 chapters covering 
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, directly in dried agarose gels or of the 
chemical synthesis of oligonucleotide 
probes. 

But these are quibbles. Molecular biol- 
ogy now permeates so much of present 











research that a working knowledge of its 
methods can be essential; it is at once the 


queen and handmaiden of the biological 


sciences. The editor tells us that the 
intention was to collect descriptions of 


methods that would definitely work, 
particularly tn the hands of novices, and 1 


fancy that these books will rightly be : purpose. 
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| Enzymology. Nor perhaps will they have 


| welcomed in such quarters. They will not ! 


replace the fuller, more discursive 
turn out to be one-armed, for only then | treatments given by the originators of these 
| Methods їп | President of St John's College, Cambridge. 


techniques in, say, 


the impact of Cold Spring Harbor's 
celebrated Molecular Cloning: A Labor- 
atory Manual by Maniatis et al. (now sadly 
getting out of date) which informed so 
many beginners in their first fumbling steps 
in recombinant DNA work some three 
years ago. However, if, as intended, these 
books enable those of stout heart but 
limited experience to gain entry to the 
growing battery of molecular biological 
methods, they will have served a useful 
г) 


Richard Perham is а Reader in the Depariment 
of Biochemistry, University of Cambridge, and 





| Fields of physics | 


Graham G. Ross 


Quantum Fíeld Theory. 

By F. Mandl and G. Shaw. 

‚ Wiley: 1984. Pp.354. Hbk £38, $34.95; 
| pbk £19, $24.95. 





CONSIDERING the importance of the sub- 
ject, there has been a remarkable shortage 
of textbooks available for the student of 
field theory. For many years there were no 
significant texts to follow the pioneering, 
. and excellent, accounts of Bjorken and 
Drell, and Schweber, and a very nice short 
book by Mandl. The situation has improv- 
ed lately with the encyclopaedic work by 
Itzykson and Zuber, a very readable text 
by Ramond covering the path integral 
formalism and many others. It is in this 
context that Mandl and Shaw's Quantum 
Field Theory appears. 

A pleasing feature of the book is that it is 
accessible to the new student, starting im- 
mediately with the Lagrangian formalism, 
* and giving a detailed and careful treatment 

of quantum electrodynamics (QED). I 
liked the emphasis on performing explicit 








techniques from the Lowry method of ! perturbative calculations and the imple- 


protein estimation to manual micro- 
sequencing, from polyacrylamide gel 
electrophoresis to hybridoma production. 
Some room might have been found for the 
chemical modification of proteins and the 
methods, enzymic and chemical, of peptide 
bond cleavage. Even something as basic as 
the S-carboxymethylation of proteins 15 
tucked away in a description of peptide 
separation by hplc. On the other hand, 
automated sequencing is wisely eschewed, 
given the requirement for unusually 
sophisticated and expensive apparatus. 
The second volume is, if anything, more 
comprehensive, the 53 chapters starting 
with DNA assay and isolation and ending 
with DNA sequencing. In between it covers 
mRNA, cell-frce translation, plasmids, 
cloning in bacteriophage lambda and a 
host of other things. It was therefore 


mentation of the renormalization pro- 
gramme, although І was disappointed that 
; the renormalization group is not discussed. 
| Throughout, the text is augmented with 
worked examples and problems. It thus 
provides a welcome update of earlier text- 
books on electrodynamics; it is more 
straightforward than Bjorken and Drell, 
more detailed than another recent in- 
troduction to the subject by Halzen and 
' Martin, and should give both the ex- 
perimental and theoretical student a good 
working knowledge of QED. 

In its treatment of developments beyond 
QED the book has some shortcomings. 
There 15 no discussion of QCD, the non- 

| Abelian gauge field theory for the strong 
interactions, and only a relatively short 
account of the gauge theory for the electro- 
weak interactions. Indeed the concept of 











disappointing to find, for example, no ! gauge invariance, central to modern 


description of nucleic acid hybridization 


| developments in field theory, 1s only 








developed in Chapter 12 and the path 
integral. formalism, which simplifies the 
analysis of spontaneously broken theories, 
15 not covered. Asa result the discussion of 
the electroweak theory is disappointing, 
particularly as it does not present a calcula- 
tion in a spontaneously broken theory 
beyond the leading order, nor cover the 
renormalization in such theories. This 
renders the book less useful than it might 
have been for it is in this area that much 
progress has been made which is not yet 
adequately covered for the novice graduate 
student. 

Mandl and Shaw have produced a sound 
introduction to the subject of Abelian 
gauge field theories which should also be 
uscful as a reterence text for perturbative 
calculations. However it provides only part 
of a modern introductory course and 
should be read together with another text, 
for example that of Ramond, which deals 
with the advances beyond QED. а 





Graham G. Ross is in the Department. о, 
Theoretical Physics at the University of Dod. 


€ After writing this review I received a 
second text on the same subject, Quantum 
Field Theory by Lewis H. Ryder (Cam- 
bridge University Press; £40, $74.50). The 
similarity to Mandl and Shaw ends with the 


! title, for Ryder provides an introduction to 


many of therecent advances in field theory, 
using the path integral formalism to derive 
Feynman rules for spontancously broken 
non-Abelian gauge theories and including 
a discussion of some of thetopological pro- 
perties and solutions of these theories. The 
approach differs too, with emphasis on the 
more formal aspects, no problems and few 


. worked examples. The book is quite 


readable and is a good introductory text 
suitable for a theory student, but is pro- 
bably best read after Ramond's book. In 
many ways it complements Mandl and 
Shaw, although the lack of worked ex- 
amples will be hindrance to the student 
wanting a full understanding of the sub- 
ject, and again there is no explicit calcula- 
tion presented for a spontaneously broken 
gauge theory. G.G.R. 
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*J. W. Dunne's predictive dreams, and his 
explanation within the time concepts of 
modem physics, are as fascinating today as 
they were when first published half a century 
ago." Sir Bernard Lovell 


“Few works of non-fiction . . . have attracted so 
large and diverse a readership . . . few are 
remembered today with such affection; and few 
have been so influential . . .” Brian Inglis 


In 1927 J.W Dunne published a book which was to 
inspire and excite generations of readers intrigued by 
that most fascinating paradox — Time. His speculations 
and conclusions are as fascinating and thought- 
provoking today as they were when first published. 


Now available in paperback at £3.50 
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OATS TREAT 


Statistics and much more for the Apple II series . . . 


This great-value package of two disks and manual is a powerful tool for 

numerical analysis of data by scientists, economists, etc., and for teaching of 

numerical analysis to students in many disciplines. 

At its heart are 76 procedures including: KEYIN (enter and edit data), ADRW (draw 

and annotate graphs), WINDW (open or close a text window), MOVE (display and 

disk file data), MEANRE (find the mean of a column of data), TTEST (Student's ¢ test) 

MANNWHITNEY (use Mann Whitney test), FFITTER (fit a non-linear function to data), 

PSEUD (generates pseudodata), etc., etc. These can be used very simply by: 

(1) Calling the user-friendly, menu-driven Statpack, which enables a variety of parametric and 
non-parametric tests to be done after a single entry of data. 

(2) Using the 32 demonstration programs designed to teach the user all about statistics and fitting 
functions to data. 


(3) Writing straightforward BASIC programs to incorporate the desired procedures. 



















For the technically minded 


Disk 1 contains the boot programs which. (1) modify resident Applesoft BASIC to accept STATSTREAM commands The commands include 
procedure calls (USE NAME will invoke the named procedure, automatically overlaying it from disk if necessary), IF-THEN-ELSE-ENDIF, 
REPEAT-UNTIL, etc. (2) Permit up to 5 text windows The machine code snaps windows open and shut The window command can be 
invoked from your own BASIC STATSTREAM program (3) Shape tables to assist graphics. 


Plus 32 example programs and the Statpack which ts based on STATSTREAM commands which, in this mode, are each called with a single keystroke 


Disk 2 contains the library of STATSTREAM commands When a command is used, the appropriate procedure 1s automatically loaded into 
memory, executed and forgotten Commands can be executed immediately or included in BASIC programs For example all that 1s required to 
retrieve a STATSTREAM data file 1s 

JUSE MOVE,1,1,1,1 

The parameters specify the left-most and right-most columns and top-most and bottom-most rows In this case they are dummies because the data 
file itself will dictate the size of the data table and the dara array will be dimensioned automatically Array sizes are checked and altered if necessary 
The MOVE command is typical of STATSTREAM commands It opens a window, displays a menu, allows the user to interact (choose filename, 
display data, etc ) and finally snaps the window closed : 











Once the data are in memory any other command can be used in immediate mode, e.g 
JUSE MEANRE,] – finds the mean of column 1 


JUSE ADRW,1,2,10,1, *DEMO?, *X-AXIS", *Y-AXIS" 
— draws a graph of 10 rows of column 2 against column 1 using a line and annotates it 









A simple program which allows 2 columns of data, cach of 10 rows to be input, computes the logarithm of column 2, graphs it, calculates linear 
regression, graphs line with residuals and errors would consist of 


]10 DIM RE(2,20) .REM sample BASIC program utilizing STATSTREAM commands 
120 USE KEYINQ,1,2,1,10 

J30 FOR I=1 TO 10 -RE(1,2)=LOG(RE(1,2)) -NEXTI 

]40 USE RESFIT,1,2,0 

]30 END 


It can be scen that STATSTREAM has a uniform syntax at both command and program level, and since the commands interact through transient 
windows they do not interfere with your own screen layout 










STATSTEEAM includes the following command procedures for statistical methods, and more can easily be added: 


Mean, standard deviation, standard error and confidence interval 
Student's ¢ test, ANOVA one way, ANOVA two way, Е test 
Linear regression, correlation 
X? (chi-squared) test, contingency tables 
Median, non-parametric confidence interval 
Signtest, Wilcoxon signed rank test, Mann-Whitney test 
Kruskal Wallis, Friedman t-test, F test 
Pseudodata generators for Gaussian, skewed noise, etc. 
Minimization routines for non-linear function fitting and solving equations 


STATSTREAM can be used to analyse data in pre-existing Apple data files and it also has a routine for using Viscalc files. 
Two 5.25" disks for the Apple II (can be used with one or two disk drives) plus comprehensive manual US $99; UK £66 
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Computer applications 


These pages feature computer hardware and software for the automated laboratory, from a 
‘metabolic computer’ to a Digital Paintbrush graphics package. 
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€ BALANCE, а new statistical software 
package from Elsevier Scientific, makes it 
possible to compare two series of measure- 
ments. BALANCE determines whether the 
means of two series of measurements are 
significantly different. The package can be 
used, for example, in comparing the results 
of two different medical treatments, in- 
vestigating the effect of a drug, or of two 
analytical methods. This kind of com- 
parison is probably the most frequently 
used statistical technique in industrial, 
clinical, chemical and quality control 
laboratories. BALANCE guides the operator 
automatically to the correct statistical test; 
it does not require knowledge of the 
statistical background by the user. 
BALANCE incorporates the following tests: 
tests for small numbers and for large 
numbers of observations; independent and 
related (paired) tests; one- and two-tailed 
(sided) tests; Student’s f- and Cochran’s 
tests (parametric tests); and Wilcoxon’s 
matched-pairs signed-rank test and Mann- 
Whitney’s U-test (non-parametric tests). 

Reader Service No. 100. 





Stat-Attack, an anti-static computer cleaning 
system. 


ө Zenith’s Electronics’ Service, Parts and 
Accessories Division has introduced Stat- 
Attack, an anti-static computer cleaning 
system packaged in a convenient tray that 
doubles as a desk/shelf organizer. The Stat- 
Attack system contains an anti-static spray 
that protects equipment from static dis- 
charge. It can be sprayed directly onto 
printers and other static-generating com- 
puter equipment. When fitted with a special 
extension, it can be lightly sprayed onto 
carpets or countertops. It converts lint-free 
wipers (included in the system kit) into 
static neutralizing cloths. 

Reader Service No. 101. 


These notes are based on information provided 
by the manufacturers. For further details circle 


the appropriate numbers on the Reader Service 
Card bound inside the journal. 
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A microcomputer, the CompuPro 816/C from 
Viasyn Corporation of California, is used to 
maintain a complete database on the behaviour 
and physical condition of Ling-Ling, the Giant 
Panda in the US National Zoological Park. This 
assists in determining her oestrous period, and 
hence the best time for breeding. (Picture 
courtesy of the Zoological Society of London.) 
Reader Service No. 99. 


@ The IBM PC microcomputer can now 
be used as a sophisticated data acquisition 
and control system for laboratory in- 
struments using the ADALAB-PC from 
Interactive Microware Inc. A wide range 
of scientific instruments — including 
chromatographs, spectrometers, strip chart 
recorders, temperature controllers and pH 
meters — may be controlled by the 
ADALAB-PC using the specially designed 
ADAPT software which includes a menu- 
driven data acquisition program. The 
system provides accurately-timed collection 
of multiple data values; fast analog-to- 
digital (A/D) voltage sampling with direct 
memory access; data storage and retrieval 
from an extended RAM memory up to 
640K; and a scrolling strip chart data 
display. A complete self-test checking pro- 
cedure is also featured. ADALAB-PC con- 
sists of a single plug-in card, enabling the 
computer to interface easily with the lab in- 
strument. The IBM-compatible system 
joins the established ADALAB products for 
use with the Apple II micro. 

Reader Service No. 102. 

@ Packard Instrument has developed an 
advanced network of gas chromatography 
instruments. A GC network of up to 12 
satellite or conventional GCs and their ac- 
cessories can be programmed and 
monitored from one central control station. 
The control station can be either the stand- 
alone Model 830 network manager or 
Packard’s top-of-the-line Model 439 GC. 
The model 830 is a light and compact desk- 
top unit. Control software for a number 
of GC accessories, including Packard’s 
One-Shot Samplers, is built into the con- 
trol stations. Four models of satellite GCs 
are available, covering the complete range 
of analytical requirements. 

Reader Service No. 103. 
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@ The Oxymax-85 metabolic computer 
from Columbus Instruments simul- 
taneously measures: oxygen consumption, 
CO, production, respiratory quotient, 
respiration rate, relative tidal volume and 
temperature in one to four animal cages. 
The IBM-PC personal computer is used for 
data collection as well as a main system 
controller. An electronic laminar flowmeter 
is used at the input of each animal cage to 
ensure accurate measurement of air sup- 
ply, and an electronic barometer, ther- 
mometer and hygrometer allow presenta- 
tion of results in STP units, standardized 
to 760 mmHg, zero humidity and zero (°C) 
temperature. Results of measurements are 
printed at 1-тіп intervals, and Oxymax 85 
is designed for 24-hour uninterrupted 
operation. 

Reader Service No. 104. 

€ A new option has been introduced for 
ChemGraf, a chemical modelling package 
based on the DEC VAX minicomputer. 
The new option is ChemGuide, an artificial 
intelligence program designed principally 
for novice and casual users of molecular 
modelling techniques. It helps the user to 
start using ChemGraf, select methodology, 
use specialist techniques, and tailor tech- 
niques to specific applications. Previous- 
ly, only consultancy support could provide 
this assistance; support which is necessari- 
ly limited. Initially ChemGuide presents the 
user with a series of options. Depending on 
the option selected, ChemGraf commands 
are automatically executed, the user is 
asked for information, or is presented with 
a series of further options. ChemGraf 
systems, and the new ChemGuide program, 
are produced by Chemical Design Ltd. 
Reader Service No. 105. 





Computer-controlled spectrophotometry from 
Beckman Instruments. 


@ Latest in the Beckman Instruments, 
Inc. range of software is DATA CAPTURE, 
which interfaces the DU-50 series spectro- 
photometer with the IBM Personal Com- 
puter. The software is part of a PC soft- 
ware library that interfaces a wide variety 
of Beckman instruments to personal com- 
puters. Through the direct integration of 
spectral measurement and processing 
capability, data can be acquired, analysed, 
displayed, archived and reported on a 
single economical computer. 

Reader Service No. 106. 
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€ Epsilon Consultancy Ltd. is introduc- 
ing a comprehensive software package to 
enable the Tablet Digitizer to be inter- 
faced to a small computer so that the co- 
ordinate information produced by the 
Digitizer can be handled in a meaningful 
way. The true purpose of the software is 
to enable the user to make measurements 
of the material which has been digitized. 
The interface between digitizer and com- 
puter has been written to make use of the 
RS232 interface, because this interface is 
the most widely used one. By cabling the 
digitizer to the RS232 port in the computer, 
the user can start the software programs 
going and initiate a filing system by which 
the digitizations are stored in a manner 
which will make it easy, later on, to operate 
sorting methods on the files; calcu- 
lations, tabulations and measurements can 
be done. The software can be expanded to 
handle special requirements, such as 
statistical comparisons between measure- 
ments. 

Reader Service No. 107. 
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Track that rat, insect, fish, 
limb, vehicle, crack, etc. 
Tracking unit accepts input from 
video camera or recorder, and 
outputs the location of a high- 
contrast object in the TV image. 
Can be interfaced to Apple II, 
BBC, etc. 
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PRODUCT REVIEW 
e Two graphics packages designed 
specifically for scientists and engineers are 
now available on the IBM PC from Heyden 
Datasystems — Scientific Plotter-PC and 
Curve Fitter-PC. The Scientific Plotter-PC 
package plots graphs from data entered 
from disk, via the keyboard, or calculated 
by a user-defined equation. Axes are scaled 
according to the user's requirements, in 
either linear or logarithmic form, so that 
data are presented in the most suitable pro- 
portions. Plots may be superimposed in dif- 
ferent colours; and there are 20 different 
plotting symbols in four size ranges to 
choose from. Variable-length error bars 
may be superimposed on the symbols. 
Curve Fitter-PC simplifies the fitting of a 
wide variety of curves to data which are in- 
put from disk or keyboard. The program 
automatically scales the plots and data, 
which may then be averaged and smoothed 
to reduce the number of points or average 
out background noise. Scientific Plotter- 
PC and Curve Fitter-PC are mutually com- 
patible. Both packages are available in 
Apple II versions as well as the new ver- 
sions on the IBM PC. 
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Shown are examples of sur- 
faces created with SURF and 
printed on a dot matrix printer. 
Figures show surface plot 
rotated 30 degrees (top, left), 
the same surface plot rotated 
115 degrees (top, right), and 
this same surface plot rotated 
to 190 degrees (bottom, right). 


Golden Graphics plotter output. 
e Golden Graphics System is an in- 


tegrated package that produces contour | 


maps and three-dimensional surface plots, 
plus a variety of two-dimensional charts 
and graphs. Produced by Golden Software, 
Inc., the new package is designed to allow 
the user to visualize the implications of 
multivariate data. The Golden Graphics 
System consists of five applications: TOPO 
which creates contour maps; SURF which 
creates three-dimensional surface drawings, 
also known as block diagrams or fishnet 
plots; GRAFIT which creates xy graphs, bar 
charts, pie charts, line graphs, and scatter 
charts; QGRID which creates a regularly 
spaced grid from irregularly spaced data; 
and PLOTCALL which creates plots from 
plotting commands that have been placed 
in a data file. The Golden Graphics System 
may be used with either a monochrome 
display card or a graphics card. If a 
graphics card is installed, output may be 
previewed on the screen. The Golden 
Graphics System runs on the IBM AT, 
IBM PC, and compatibles and requires 
128K bytes of memory and one disk drive. 
Over forty different dot matrix printers are 
supported. 

Reader Service No. 109. 
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Photomail, from Chorus Data Systems. 


@ PhotoMail, available from Chorus 
Data Systems, allows PC users to capture 
images with a standard video camera or 
VCR and transmit them to a remote PC via 
ordinary phone lines. Still-frame pictures 
are sent at a resolution of up to 640 x 400 
x 16 colours or levels of grey. PhotoMail 
operates with IBM PC, XT, AT and com- 
patible computers. PhotoMail is icon- 
driven and supports voice communications 
sO users can converse while an image is be- 
ing displayed. By using a ‘mouse’ or the 
keyboard, each party can simultaneously 
point to a specific area of the picture and 
have a cursor displayed on both screens. 
By drawing with the mouse, users can 
designate specific areas of interest on the 
display. Images can also be annotated with 


| text to allow users to label areas of interest, 


type messages and create image descrip- 
tions or specifications. 

Reader Service No. 110. 

e Walonick Associates has introduced a 
new version of the statistical analysis pro- 
gram StatPac. The new package (V5.2) 
incorporates enhancements suggested by 
hundreds of StatPac users. Owners of the 
package will receive this update at no cost. 
The new features in StatPac include ban- 
ner crosstabs, probit regression, principal 
components analysis with multicolinearity 
diagnostics, and new graphics. Walonick 
Associates is a computer software pub- 
lishing firm that specializes in vertical ap- 
plication software. In addition to StatPac, 
the company offers Forecast Plus, a 
graphics time-series analysis package, and 
Mach, a chemical-dependency assessment 
program. 

Reader Service No. 111. 

@ The Microlink modular interface has 
been enhanced to provide a comprehensive 
hardware and software solution in data ac- 
quisition and control. With the addition of 
15 new modules, Microlink, from Biodata, 
offers a choice of more than 40 modules 
including analog and digital inputs/out- 
puts, transducer inputs, timers and 
counters. The new modules include pro- 
grammable gain amplifiers, transient cap- 
ture devices, pH and RTD inputs, fre- 
quency/event counters and alarms. With 
the availability of new software for use with 
the HP150 and BBC, Microlink hardware 
can now be used with most popular micros 
— including IBM PC, Apricot, HP 80 
series, HP 9816, Sirius and Apple. Sample 
programs are provided in BASIC for each 
of these computers. 

Reader Service No. 112. 


y reus 


79 


NATURE VOL. 315 13 JUNE 1985 












%. 


Wo METSTI 


e Digithurst announce the release of a 
version of MicroSight I which will produce 
images on the Tecmar Graphics Card. The 
images are read into the IBM via the 
Digithurst's MicroEye interface and are 
held in random access memory as a 256 x 
256 pixel file at 255 grey levels. Using the 
Tecmar Graphics Card, it is possible to 
display 16 of these levels at any one time. 
Although the increase in the display quali- 
ty will primarily benefit users in the 
graphics field, it is expected that the abili- 
ty to display more grey scales will also be 
of benefit to those using Digithurst's 
MicroScale packages for computerized im- 
age analysis. 

Reader Service No. 113. 





Graphics imaging with the Digital Paintbrush 
System. 

€ The Computer Colorworks, a San 
Francisco-based company, has introduced 
an IBM PC version of its Digital Paint- 
brush System, a complete hardware/soft- 
ware colour graphics package designed for 
the manipulation of graphical data. A more 
powerful, advanced version of the already 
popular Apple product, the new system is 
designed for scientific and professional 
users of the IBM PC, XT, AT, and com- 
patibles. Graphic images made with the 
Digital Paintbrush can be shown like slides 
on a colour monitor or TV screen, printed 
as hard copy or as transparencies for over- 
head projection, and photographed with 





— in no ICA e Гре "EI tl MES СА 
Digithurst's MicroEye interface for graphics display. 








various hood cameras and picture pro- | 


cessors (including the Polaroid Palette) to 
make 35-mm slides. 
Reader Service No. 114. 


PRODUCT REVIEW 





€ ALLOCATE is a software package from 


the UK division of Elsevier, designed for | 


the organizers of animal experiments or 
clinical trials. ALLOCATE rapidly assigns 
clinical or experimental subjects to treat- 
ment groups. The random allocation, on 
the basis of a chosen parameter such as 
body weight, is repeated (with statistical 
tests to assess uniformity of groups per- 
formed automatically after each iteration) 
until criteria set at the outset are met, or 
the ‘best allocation so far’ is accepted. Full 
details of groups and statistical results can 
be displayed on-screen, and printed out. 
Unequal group sizes are catered for, and 
an optional cull facility enables outliers to 
be deleted. Manual and disk are available 
for the IBM PC, DOS 2.0. ILEUM is a 
package for the accurate simulation of the 
effects of drugs on the in vitro guinea pig 
ileum. Drugs available for the ILEUM 
simulation include a dozen familiar 
agonists (which will contract the muscle) 
together with blockers of various sorts. Ex- 
periments to identify an ‘unknown com- 
pound’ can be carried out, for which the 
computer selects, at random, one of 20 
*unknowns'. Random elements are incor- 
porated into ILEUM to simulate the 
biological variability of response to the 
same dose of agonist. It is available for Ap- 
ple Il, IBM PC and BBC B computers. 
Reader Service No. 115. 

€ Asan accessory to the Hewlett Packard 
8451A UV/visible diode-array spectro- 
photometer, the new HP 89075A multi- 
cell transport automatically handles the 
concurrent measurement of up to seven 
samples over any length of time. The new 
transport provides accurate serial or ran- 
dom access to cells and is programmable, 
providing flexibility in method develop- 
ment. For applications such as kinetics, 
where multiple measurements must be 
taken and where data are acquired over 


long periods of time, the new product will | 


deliver increased throughput and auto- 
mated accuracy. The system mounts in the 
sample compartment of the HP 8451A 
spectrophotometer and uses standard 1-cm- 
square cuvettes and/or flow cells. 
Reader Service No. 116. 
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€ Northwest Analytical, Inc. has in- 
troduced a new statistical quality control 
charting package, called QUALITY 
ANALYST, which provides the software for 
Doth process capability studies and process 
monitoring. The package is available for 
the IBM and compatibles, MS-DOS com- 
puters, Burroughs B20, CP/M and Apple's 
Macintosh. QUALITY ANALYST provides an 
effective alternative to time-share and 
minicomputer-based quality control 
systems. QUALITY ANALYST is a complete 
package and can be used effectively as a 
stand-alone system. It can interface with 
other software packages and be used as the 
analytical core of a workstation using other 


| software such as databases and spread- 


sheets. QUALITY ANALYST works well with 
standard communications packages and 
can process information transmitted from 
г mainframe database. 

Reader Service No. 117. 





Contalab, automatic laboratory reactor. 


@ Contalab, recently introduced by Con- 
traves, is a computer-controlled automatic 
laboratory reactor that can operate for 24 
hours a day, completely unsupervised. 
Complete reactions can be performed and 
monitored automatically and a simple 
question-and-answer dialogue guides the 
operator through all data entry procedures. 
The computer controls the experiment, 
compiles all the data, and produces a 
record of all results. The system auto- 
matically assigns alarm limits to enable 24-h 
operation. Contalab is especially suited to 
experiments which must be repeated many 
times or performed consecutively with 
minor changes (serial tests and optimiza- 
tion for example). Contalab consists of a 
reactor assembly with balance (for use in 
a laboratory fume cupboard), control unit 
with dual disk drive, peripheral equipment 
for data input and output, and software 
package (for controlling system operation 
and processing sequences). The reactor 
assembly is equipped as standard with a 
I-litre reaction vessel, a reflux condenser 
and a stirrer. 

Reader Service No. 118. 
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@ Kratos Analytical’s new DS 650 allows , 


real-time data acquisition and system con- 
trol for chromatography and data manage- 
ment. The DS 650 hardware is based on 
Data General's model 10/SP desk-top 
microcomputer and includes a 15 MB Win- 
chester hard disk, one 368 KB diskette 
drive, 256 KB of main memory, a 12-inch 
green monochrome bit-mapped monitor, a 
graphics printer, and a multiplexed A/D 
converter. This converter is capable of ac- 
cepting data simultaneously from up to 
eight detectors, using four separate times 
bases. The computer's menu-driven soft- 
ware guides the user. 

Reader Service No. 119. 

€ Nelson Analytical Inc. of Cupertino, 
California, has developed an advanced 
chromatography workstation designed to 
meet the data acquisition, analysis and file 
management needs of individual chemists 
or small laboratories. The workstation 
comprises the Hewlett Packard 9000 series 
200 computer, a Winchester disk drive and 
the HP ThinkJet printer, together with 
Nelson's XtraChrom software and one of 
four intelligent A/D interfaces. Up to ten 


instruments, each interfaced to up to two | 


detectors, may be controlled by this 
HP3362A or B chromatography data 
system. As well as standard gas and liquid 
chromatography applications, the system 
can be used for capillary GC, ion 
chromatography and amino-acid analysis. 
Reader Service No. 120. 





@ The Waters Expert multi-instrument 
chromatography software gives the Waters 
840 data and chromatography control sta- 
tion simultaneous HPLC, GPC, GC and 
ion chromatography data reduction, 
together with facilities for multi-instrument 


control. Expert software provides 
chromatography data acquisition from up 
to four chromatographs simultaneously, 
with each system acquiring data from up 
to four detectors. In addition, up to four 
Waters HPLC systems can be controlled 
from the keyboard of the Waters 840 data 
and chromatography control station. The 
efficient multi-tasking operating system of 
the Waters 840 allows the monitoring of a 
separation from up to four different detec- 
tors simultaneously on the CRT screen. In 
addition, the Waters 840 provides virtual- 
ly unlimited networking capabilities, in- 
cluding ETHERNET compatibility for high- 
speed data transfer. An IEEE, RS-232 in- 
terface allows communication with addi- 
tional 840 systems or other computers. 
Reader Service No. 121. 














PRODUCT REVIEW 

e The Consort II computer interface | 
system, designed and developed by ICI 
(Australia), forms the basis of a com- 
prehensive Apple computer-based data sta- 
tion for chromatography. The instrument 
provides a three-in-one system for accurate 
data collection on two channels, dual pump 
control for HPLC and control of periph- 
eral devices, such as autosamplers and frac- 
tion collectors. Consort II operates with 
either an Apple П + or Ile computer in 
conjunction with a comprehensive software 
system called Appligration II designed by 
Dynamic Solutions Corporation of Califor- 
nia. The system can be configured by the 
user to cope with a wide range of chroma- 
tographic data including capillary GC, with 
sampling rates adjustable from 0.05 Hz up 
to 200 Hz. A special package for gel 
permeation chromatography is included. 
The Consort 11 computer interface system 
is marketed in the UK by Biotech 
Instruments. 

Reader Service No. 122. 

@ Designed for use with the ACT Apricot 
range of microcomputers, Dynatech's new 
ABO/Rhesus blood-grouping programs in- 
terpret results from the microtitre plate, 
whilst offering flexibility of plate format, 
accumulative records of groups per- 
formed, and storage space for full data on 
up to 750 full plates (7,500 patients per data 
disk). The program also allows for altera- 
tion of interpretation parameters which 
may be used to re-interpret raw data from 


memory without the need to re-read the | 


plate. This new program, developed in con- 
junction with Sanguin Computing, 
operates on the Apricot PC and Xi micro- 
computers and also on the Sirius micro- 
computer. Also new from Dynatech is its 
MicroBank System for the full automation 
of the entire blood-grouping operation in 
microtitre plates. Composed of three dif- 
ferent work stations, the MicroBank has 
been designed to maintain patient integrity 
and avoid incorrect grouping due to 
operator error. 

Reader Service No. 123. 

ө The latest version of LABTECH 
NOTEBOOK, a sophisticated menu-driven 
software program for real-time data ac- 
quisition, control and analysis, now sup- 
ports hardware devices from Action In- 
struments, Cyborg, Datel, IBM, Interactive 
Microware, Keithley DAS, and Tecmar. 
Equipment from Acrosystems, Burr 
Brown, Data Translation, Metrabyte and 
Taurus is already supported by this soft- 
ware. NOTEBOOK delivers full hardware 
functionality of every data acquisition 
device it supports. The latest version, 
LABTECH NOTEBOOK 2.5, provides support 
for real-time thermocouple linearization 
and compensation. Data may be collected 
as temperature points directly from stan- 
dard thermocouple devices, without requir- 
ing linearizing data conditioners. LABTECH 
NOTEBOOK supports the IBM AT, and it 
can also be integrated with spreadsheets like 
Lotus 1-2-3. 

Reader Service No. 124. 
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Software-controlled colour measurement from 
Pye Unicam. 

@ The latest software-controlled colour 
measurement system from Pye Unicam is 
based on the PU 8800 high-performance 
UV/visible spectrophotometer. The new 
system uses an integrating spheroid and a 
fast, powerful software package for the HP 
85 computer and is the only non-dedicated 
system that completely conforms to the re- 
quirements of the CIE, the governing body 
of colour science. The PU 8800 range in- 
cludes a video display, built-in recorder and 
printer options and a choice of side or end- 
window photomultipliers. Available on 
tape and disk, the software provides 
measurements of colour or colour dif- 
ference in up to three modes — diffuse or 
total reflectance and transmission. 11- 
luminants A, C, D, and D; are offered, 
together with an additional two illuminants 
of the user's choice. 


Reader Service No. 125. 





Mettler software kit for thermal analysis. 


@ The performance of the Mettler FP800 
thermal analysis system can be substantially 
enhanced by connection to a computer. For 
this purpose Mettler offers a software kit, 
which has been specially designed for the 
Epson HX20 hand-held computer. In ad- 
dition to controlling the unit, it also per- 
mits various standard applications to be 
called up, results to be calculated and data 
stored for later processing. At very little ex- 
tra cost, the FP800 can also be adapted for 
special applications, so that it operates 
automatically in accordance with national 
and international standards (such as 
melting point of plastics according to 
ASTM, clear melting point of fats accor- 
ding to AOCS). The program is written in 
MICROSOFT BASIC, so that it can be 
adapted easily to the individual require- 
ments of the user. 

Reader Service No. 126. 
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reagents for solid phase DNA synthesis 


DNA synthesis. | 
. 5у | = a *Chromatographically 
Chromatographically & | Fs purified 


purified |. | 
* 31P nmr checked I Synthesis tested 


*Synthesis tested 









THEN CHOOSE CRUACHEM SPS GRADE 


CRUACHEM LIMITED .Tel 0506 32146/35934 CRUACHEM Inc. ) 
11 Napier Square Telex 72637 CRCHEM G PO Box 5787 e Uc 
Livingston EH54 5DG.. Bend Oregon 97708 (AY [75 (EA // | 


Scotland (800) EASY DNA 


Reader Service No 26 





WAVELENGTH METERS : 


For Use With 


.HIGH REPETITION RATE 
PULSED LASERS 


Hovemere Ltd. (UK) announce a range of wavelength meter 
systems which measure the exact wavelength of a pulsed or 
continuous laser source with a wavelength precision of 1 part 
in 100,000,000 The instrument provides real-time wavelength 
measurements for each pulse at repetition rates of up to 30 
pulses per sec. 

The wavelength meter is based on an ultra-stable Fabry-Perot 
interferometer, and the instrument can be run from any of the 
IBM-PC range of personal computers, or strict compatibles. 
Data output (mean wavelength, spectral line profile, peak 
and/or total pulse intensity) are available within the PC 
memory, or can be transmitted via serial or parailel protocols to 
a second computer. This second computer may, for example, 
be the user's controller for the laser and detector system. 
Laser detection systems are also available for the near UV to 
near infra-red spectral region. Software packages are available 
to run a complete laser, wavelength meter and detector 
system, from a single computer such as the IBM PC-AT, or 
COMPAQ DESK-PRO, or the DEC PDP-MICRO-11 family 
These software packages include graphical support for 
monitoring the performance of the laser, wavelength meter 
and detector, and for data analysts and storage/ retrieval. 

For extremely accurate wavelength measurement, over a 
limited absolute wavelength range, a single interferometer unit 
can be used А triple-unit system can monitor pulse by pulse 
laser spectral output variations (intensity/ wavelength jitter) 
over an extended wavelength range, and provide absolute 
values of the wavelength : А 


CONTACT: Hovemere Ltd. 

Old Oak Cottage, Stonehouse Road 
Halstead, Sevenoaks Kent 

(0689) 53418, (01) 387-8341, (01) 388-1744 


Integrated — — 
Word Processing 


Two Systems available: 
e Full System 
€ Scientific System 





























Scientific 


Chemical Symbols 


© AD 


ri “ 
ө Dealer Enquiries Welcome 
@ Compatible with Lex 
Word Processor. 


Computer Consultants Ltd. 


47 Corstorphine Hill Crescent Edinburgh 
EH126 LJ Scotland Tel. No. 031 334 3735 
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ROYAL HOLLOWAY AND 
BEDFORD COLLEGES 


NEW BLOOD 
LECTURESHIP IN 
GEOPHYSICS 


For research in the fields of seismic 
reflection processing, modelling and 
interpretation and to assist in teaching 
a new MSc course in Basih Evolution 
and Dynamics The new Geology 
Department will be based at Egham 
and is being created by the amalgama- 
tion of the Departments from Bed- 
ford, Chelsea and King's Colleges. 


Salary scale £8,753 — £16,158 
including London Allowance. Can- 
didates must be under 35 years of age: 


Please send a self addressed 
envelope for further details to: Mrs D 
J Odds, Personnel Officer, Royal 
Holloway and Bedford Colleges, 
Egham Hill, Egham, Surrey, TW20 
OEX, to whom applications (two 
copies) with CV and tlie names and 
addresses of two referees should be 
sent. (6787)A 


\ 


IMPERIAL CANCER 
RESEARCH FUND 
Developmental Biology Unit 
Oxford 


RESEARCH SCIENTIST 


Applications are invited for a five year 
appointment with the prospect of 
tenure Applicants should be specia- 
lists in any area of developmental 
biology, of senior postdoctoral status 
and able to plan and execute an 
independent research programme 


The Unit which will open early in 
1986 is situated in the Zoology 
Department of Oxford University. 
The Director 1s Prof R Gardner and 
permanent staff members are Drs D 
Ish-Horowicz and J Slack. 


Salary range £11,675 to £14,925 
(revision pending). 


For furhter details write or tele- 
phone Ms S M Hurley, Imperial 
Cancer Research Fund, 44 Lincoln’s 
Inn Fields, London WC2A 3PX on 
01-242 0200 ext 305. Please quote 
reference 82/85 (6819)A 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSIOLOGY 


RESEARCH ASSISTANT 


Applications are invited for a 
Research Assistant in the Department 
of Physiology supported by a grant 
from the British Heart Foundation to 
Professor R A Chapman 


The post will be for 2 years initially 
and will be concerned with a study of 
the ionic basis of the Calcium 
Paradox of the heart 


Candidates with a higher degree in 
Physiology or an allied subject are 
preferred for appointment on the 1A 
scale but those without a higher 
degree and hence eligible for a 1B post 
would also be considered. 


The post will commence on the Ist 
October 1985 with a starting salary up 
to £8,540 


Applications, with the names of 2 
referees, should be sent to Professor 
R A Chapman, University of Bristol, 
Bristol, BS8 ITD by the Ist July 

(6814)A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF IMMUNOLOGY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required for screening of new 
monoclonal antibodies on the EPICS 
V fluorescence activated cell sorter, 
separation of cell populations from 
patients under antibody/cyclosporin- 
A therapy for functional assays, and 
assistance in investigating immune 
competence after organ transplanta- 
оп 


Salary range £7,520 — £12,150 
{under review) plus £1,233 London 
Allowance, 5-year appointment 


Further particulars available from 
the School Office, RFHSM, Rowland 
Hill Street, London, NW3 2PF 
(01-794 0500 Extn 4262) to which 
applications (full curriculum vitae and 
names and addresses of two referees) 
should be sent by 28 June 1985. Please 
quote ref IMM/PRA. (6823)А 
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MICROBIOLOGIST 
HEAD OF THE 
GROUP 


Professor 
and Head 


Department of 
Biochemistry 


The University of lowa College of Medicine is seeking to recruit 
a biochemist with a distinguished record of scholarship and 
original research to assume the position of Professor and Head 
of the Department of Biochemistry. Preferred candidates 
should Have a record of high academic accomplishments and 
be committed to providing thé scientific, educational and 
administrative leadership for the Department of Biochemistry. 


PhD arid/ or MD degree, or equivalent, and a demonstrated 
scholar and leader in Biochemistry. 


Appropriate for qualifications and responsibilities for a 
proféssor and Head of Biochemistry. Excellent fringe benefits. 


The University of lowa, lowa City, IA 52242 is an Equal 
Opportunity Employer. ] 

Interested persons are invited to direct inquiries and 
submit vitae to: Richard G. Lynch, MD, Department of 
Pathology, College of Medicine, University of lowa, 
lowa City, IA 52242. 


Weare one of the leading concerns with several . 
billion DM overheads and offer an excellent 
opportunity for a highly qualified professional 
to continue our progress in development in the 
fields of soluble polymer and fatty 
biotechnology. 


The applicant is expected to build up and form a 


newly group. The succesful candidate will have 
an excellent academic record, a PhD in 
microbiology as well as several years of 
experimental experience in genetics. He speaks 
English and German.  . 

A competitive salary will be offered which will 
be commensurate with qualifications and 
experience. We offer excellent conditions of 
employment. 

For further information please contact us 
or send your application including CV and 
names of two references to: (W1938)A 


ев 
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(NW1837)A 
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International Institute 
‚ for Aero-Space Survey 
and Earth Sciences, 


350 Boulevard 1945, Enschede 
The Netherlands. Tel. 053 - 32 03 30 


ITC is concerned with international scientific education, ‘research and consulting i in aerial | 

photography and teledetection, photogrammetry, aerospace survey application in 

landresources studies, agriculture, earth sciences, human settlements, geo-data processing 
' апа cartography, in particular directed towards the needs of developing countries. 

The Institute undertakes scientific training at B.Sc., M. .Sc. and Ph.D. levels in survey 

techniques APY for students from developing countries. 


Most instruction at is Institute i is given in the English language and includes both 
introductory and advanced courses in Soil Survey using Aerial Photography and other 
Remote Sensing techniques. 


Applications are invited for the pin of | 


professor in soil survey 


charged with education and research in soil survey and its applications. 

Capable of liaising with other earth- and agricultural sciences as well as with disciplines 
specializing in physical aspects of geo-data processing. 

Applicants will preferably have a Ph.D. degree based on research in Soil Science, proven 
research ability. Experience in post graduate teaching and in Soil Survey, with emphasis on 
Soil- and landscape relationships and including the application of image interpretation, is 
required. Experience in developing countries is required. Leadership qualities are required. 


(Further details about profile and task description will be sent to candidates iri the form of 
the Structural Report on the Professorship in Soil Survey). 


For further information you may contact Prof.dr.ir.K.J. Beek, Rector, telephone 
053-320330, ext. 214. 


Salary will bei in асана with the Netherlands Cavan scales. The gross salary | 
гапдез pon f 6.364,- (minimum). to £ 9. 0061 (maximum) per month exclusive of allowances. 


Written application and detailed сасий vitae should be sent as soon as 
posame to the Head of Personnel да of ITC, P.O. Box 6, 7500 АА Enschede (the Netherlands). 


(W1937)A 


information from чиа persons sieoardino suitable candidates will be considered. 
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FACULTY OF VETERINARY MEDICINE 
UNIVERSITY OF UTRECHT 


The Faculty of Veterinary Medicine of 

.the University of Utrecht, The 
Netherlands, invites applications for the 
position of 





Full Professor in 
Cell Biology and 
Histology 


Applicants are expected to meet the following 

requirements: 

— expertise in cell biological and experimental 
histological research and research management; 

— experience in teaching; 

— willingness to collaborate with the other disciplines 
within the facuity; 

— willingness to serve on faculty boards and 
committees. 


Candidates should: 

— possess a Ph.D. or equivalent academic degree; 

— be specilized in cell biology and histology as 
evidenced by publications of high standard; 

— be willing to learn Dutch within a reasonable period 
of time. 


Further information is available on request. 


The salary will be determined according to the 
experience of the applicant. 


Applications, accompanied by a full curriculum 
vitae and a list of publications, or suggestions of 
suitable candidates, should be (confidentially) 
sent to: ' 


J.J. van der Kaaden, Secretary of the 
Appointment Committee Professorship 
Veterinary Cell Biology and Histology, Faculty of 
Veterinary Medicine, P.O. Box 80.163, 3508 TD 
Utrecht, The Netherlands. no. 170.173. 
(W1944)A 


DEAN 


College of Earth and Mineral Sciences 
The Pennsylvania State University 


Applications and nominations are invited for the position of Dean of the 
College of Earth and Mineral Sciences Candidates must possess an 
earned doctorate, scholarly/professional qualifications for a tenure 
professorship, and administrative experience and inter-personal skills 
needed to provide academic and organizational leadership. 

The College of Earth and Mineral Sciences offers B S., M.S. and Ph.D. 
degree programs in six departments (geosciences, geography, mineral 
economics, meteorology, materials science and engineering, and 
mineral engineering), and has an outstanding reputation for both 
teaching and research 

The Search Committee will begin to review résumés on July 1, 1985 and 
will continue to receive them until a candidate is selected. 
Applications and nominations, accompanied by résumés and 
other supporting material, should be submitted to: Arnulf 
Muan, Chairman, EMS Dean Search Committee, 201 Old Main, 
University Park, PA 16802. 

(The Pennsylvania State University is an Equal Opportunity/ 
Affirmative Action Employer). (NW1863)A 
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IMMUNOLOGY 


The University of Pennsylvania has a tenure track position available in 
the field of viral immunology. This position is assigned to the Section of 
Viral Oncology, Department of Clinical Studies, New Bolton Center, 
the rural campus near Kennett Square 


Duties will include research, teaching and service. Emphasis will be 
placed on the development of an active research program on the 
immunobiology of the bovine leukemia virus (BLV). This program may 
include studies on mechanisms of BLV-induced leukemogenesis at the 
host, cellular and molecular levels, including identification and 
characterization of the target cells for neoplastic transformation. 
Service responsibilities will include consulting in diagnostic 
immunology. Teaching will relate to graduate students as well as 
students of veterinary medicine. The appointee will be expected to 
assume a leadership role in the field of immunology on this campus. 


Qualifications are a PhD degree or the equivalent and at least two years 
postgraduate experience in research. A DVM or MD degree would be 
an advantage. Experience in viral immunology and monoclonal 
antibody techniques would also be an advantage. Rank and salary will 
depend on qualification and experience. Applications should 
include a curriculum vitae and the names of three referees. They 
should be addressed to Dr. Jorge F. Ferrer, Chief, Section of 
Viral Oncology, Department of Clinical Studies, School of 
Veterinary Medicine, University of Pennsylvania, Kennett 
Square, PA 19348. The University of Pennsylvania is an equal 
opportunity employer. Women and minorities are encouraged to apply. 
(NW1851]A 








MEMBRANE TRANSPORT 


Postdoctoral and advanced research assistant positions are available 
immediately for individuals interested in pursuing studies on the 
structure and mechanism of ion-translocating ATPases. The ATPase in 
the plasma membrane of Neurospora is an electrogenic proton pump 
that operates via a phosphoryl-enzyme intermediate identical to those 
of the animal cell transport ATPases. Research will involve investi- 
gations of the biochemistry and molecular biology of this ATPase with 
the goal of elucidating its molecular mechanism. Salaries are 
commensurate with experience. Send curriculum vitae and names of 
three references to. Dr. Gene A. Scarborough, Department of 
Pharmacology, School of Medicine. University of North 
Carolina at Chapel Hill, Chapel Hill, N.C. 27514. (NW1866)A 


Equal Opportunity Employer 



















UNIVERSITY OF STOCKHOLM 
Department of Zoology 


ZOOECOLOGIS 


Applications are invited for a position as "eo docent" (roughly 
equivalent to US assistant professor) primarily intended for a person 
with several years of post-doctoral research experience. 


The position is open provided certain formal decisions are taken and it is 
advertised for a period of three years, butis usually renewed for another 
three year period. Starting salary L 18 (Swedish crowns 120 000 per 
annum = roughly 13 300 US$). 


Docentis a research and teaching position, and requires a minimum of 
75 hours of lecturing per annum or equivalent supervision of graduate 
student research, some administrative duties, and a vigorous research 
programme Applicants are selected primarily on the basis of their 
scientific publications, but teaching experience is also required. 


Research is presently conducted mainly in the fields of evolutionary 
ecology (study objects insects and mammals) and marine and brackish 
water ecosystems and population ecology. 


For further information contact: Professor H Ackefors, Department of 
Zoology, University of Stockholm, 106 91 Stockholm, Sweden 
(Telephone 00946-8164020). 


Applications including Curriculum vitae plus one copy of 
published accepted and submitted papers, a short summary of 
the applicants research and teaching experience, names and 
addresses of three references and any other documents the < 
applicant wishes to submit should be addressed to The Board of © 
Stockholms University, Fredrik Bloms Hus, University ofo 
Stockholm, S-106 91 Stockholm, Sweden, and received no later 2 


than Arnim ee 46 400b Menten enfnennann mmn 290/06 
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MOLECULAR 
BIOLOGIST 


The Biology Department at the University of California, 
San Diego invites applications for a tenure-track position 
at the assistant professor level, salary range 
$25,500-$32,200. Applicants must have Ph.D. and 
should have a minimum of.two years postdoctoral 
experience. The department is interested in applicants 
who have a commitment to applying molecular 
techniques to problems of the nervous system. The 
applicant will be expected to interact with an active group 
of neurobiologists and molecular biologists in the Biology 
Department. Applicants should forward their 
Curriculum vitae with names of three references 
and selected reprints by July 15, 1985 to: Dr. A.I. 
Sleverston, Chairman, Search Committee, Dept. of 
Biology, B-022, University of California, San Diego, 
La Jolla, CA 92093. 

The University of California, San Diego is an Equal 
Opportunity/ Affirmative Action Employer. 

| (NW1858)A 


Faculty Positions in 
Developmental Biology 


The Molecular Biology and Virology Program at the Sloan-Kettering 
Institute and the Sloan-Kettering Division of the Cornell University 
Graduate School of Medical Sciences is seeking to fill several tenure 
track positions in the aréa of prokaryotic and eukaryotic developmental 
biology. Individuals will be expected to establish independent research 


programs that utilize genetic and molecular approaches to the analysis: 


of model pro- and eukaryotic organisms. Applicants should submit 
their Curriculum Vitae, a brief statement of research 
accomplishments and goals and the names of three references 
to Dr. Ora M. Rosen, Sloan-Kettering Institute, 1275 York 
Avenue, New York, N.Y. 10021. (NW1847)A 





MOLECULAR VIROLOGIST 


The University of Pennsylvania hasa fáculty position available in 
molecular virology. The position is in the Section of Viral 
Oncology, Department of Clinical Studies , New Bolton Center, 
the rural campus near Kennett Square. 


Duties will include research, teaching and service. Emphasis will 
be placed on the development of a research program on the 
molecular biology of the bovine leukemia virus (BLV). The 
precise area of this program will be complementary to ongoing 
studies of the molecular mechanism of BLV-induced leukemo- 
genesis and the regulation of viral transcription in BLV-infected 
and leukemic cells. Service responsibilities will include 
consulting in diagnostic virology. Teaching will relate to 
. graduate students as well as students of veterinary medicine. 


Qualifications are a PhD degree and at least two years post- 
graduate experience in research: on molecular aspects of RNA 
tumor viruses. Further experience with recombinant DNA 
technology, gene cloning and sequencing, and gene expression 
in prokaryotic and eukaryotic systems would be an advantage. 
Rank and salary will depend on qualifications and experience. 
Applications should include a curriculum vitae and the 
names of three referees. They should be addressed to Dr. 
Jorge F. Ferrer, Chief, Section of Viral Oncology, 
Department of Clinical Studies, Schoo! of Veterinary 
Medicine, University of Pennsylvania, Kennett Square, 
PA 19348. 7he University of Pennsylvania is an equal 
opportunity employer. Women and minorities are encouraged 
toapply. ! (NW1852)A 


1! 
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CSIRO 


AUSTRALIA 
RESEARCH FELLOW 


BIOCHEMISTRY/ENZY- 


MOLOGY 
$A26,001 - $A38,243 


DIVISION OF PROTEIN CHEMISTRY 
PARKVILLE VIC 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization's research 
activities are grouped into five Institutes: Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial 
Technology and Physical Sciences. The CSIRO Division of Protein 
Chemistry is a member of the Institute of Industrial Technology 
GENERAL: The Division of Protein Chemistry, with a staff of 118, 
conducts scientific research on the structure and function of proteins 
and their production via biotechnology and synthetic routes. The 
Division is well equipped and has a wide range of facilities for 
biochemical and biotechnological research. 

Located in Parkville, the Division is situated close to a major university 
and several related research facilities. Colláboration with scientists from 
other CSIRO laboratories will be encouraged. 


The appointee will be a member of a program which has 12 professional 
scientists with expertise in the fields of protein chemistry and wool 
technology. 


This position is funded by a two year grant from the Wool Research 
Trust Fund with the possibility of renewal for a further two years. 


DUTIES: In collaboration with research scientists from this Division and 
in close association with scientists from the Divisions of Textile Industry 
and Chemical and Wood Technology, the appointee will undertake 
research into the potential use of enzymes in wool processing and 
effluent control. it is envisaged that enzymes will be isolated from 
various sources to carry out specific hydrolysis reactions of sterol esters 
and non-glyceride fatty acid esters for the hydrolysis of wool wax and 
for effluent treatment from scouring works. A parallel study will require 
the isolation of ce'lulose and lignin degrading enzymes suitable for the 
removal of vegetable matter contamination from processed wool. 

In the event of suitable enzymes being isolated for either of the end 
uses, it is proposed that the genetic engineering facilities of this 
laboratory will be used to develop economic methods of production of 
the required enzymes. 

QUALIFICATIONS: A PhD degree or equivalent qualifications in a 
relevant field and demonstrated research ability. Post-doctoral 
experience in enzymology or related fields would be an advantage. 
TENURE: A term of 2 years, with the possibility of a further term of 2 
years. Australian Government superannuation benefits available. 
APPLICATIONS: Stating relevant personal particulars, including 
details of qualifications and experience, the names of at least two 
professional referees and quoting reference No Y8789, should be 
directed to: . 

The Chief i 

CSIRO Division of Protein Chemistry 

343 Royal Parade 

PARVILLE VIC 3052 

AUSTRALIA 


by 4 weeks from date of publication 


CISIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1947)A 





FACULTY POSITIONS IN 
MOLECULAR BIOLOGY 


The Molecular Biology and Virology Program at the Sloan-Kettering 
institute and the Sloan-Kettering Division of the Cornell University 
Graduate School of Medical Sciences is seeking applications from 
molecular biologists for several tenure track faculty positions. The 
potential recruit should be using modern genetic, molecular biological 
and biochemical techniques to study problems in the general area of 
prokaryotic and eukaryote cellular or viral gene expression and gene 
replication. The specific rank of appointment will be commensurate 
with the candidate's experience and achievements. This is a rapidly 
expanding program consisting of 20 independent faculty members 
with diverse research interests who are committed to basic research 
and the training of graduate students. 


Please submit your Curriculum Vitae, present and future 
research plans and names of at least three referees to: Dr. 
Robert Krug or Dr. Jerard Hurwitz, Sloan-Kettering Institute, 
1275 York Avenue, New York, NY 10021. (NW1846)A 





Classified 4 


CSIRO 


AUSTRALIA 
APPLIED/ 
COMPUTATIONAL 


MATHEMATICIAN 
$A26,001 - $A38,243 
DIVISION OF MATHEMATICS AND 
STATISTICS 
ADELAIDE SA 


Australia 


The Division of Mathematics and Statistics has a staff of 97, including 
75 professional scientists. The Division’s Headquarters are at Canberra, 


and there are Regional Offices located at Melbourne, Sydney,, 


Adelaide, Brisbane and Perth Scientists of the Division provide advice 
on the statistical, mathematical and numerical aspects of research 
projects undertaken by scientists in other CSIRO Divisions, as well as 
conducting basic research in statistics and mathematics. 

The Division has an active Applied and Computational Mathematics 
Program working on collaborative research projects with CSIRO 
Divisions in a variety of areas including manufacturing technology, 
oceanography, energy technology and applied physics. Members of 
the group are currently located in Canberra, Hobart, Melbourne and 
Sydney. 

The successful applicant will be located in Adelaide and in addition to 
working on collaborative projects with Adelaide Divisions (including 
Soils and Manufacturing Technology) will be expected to contribute to 
the basis research of some aspect of applied and computational 
mathematics. 


QUALIFICATIONS: A PhD degree or equivalent айасанба ina 
relevant branch of mathematics, together with a proven record of 
research and collaboration in relevant areas of mathematics. Expertise 
in the numerical solution of partial differential equations, numerical 
linear algebra and computational problem solving is particularly 
relevant. Familiarity with industrial applied mathematics and the 
mathematical modelling of the thermal processes is also desirable. 


TENURE: The position is available for 3 years with the possibility of a 
further term. Australian Government superannuation benefits 
available 


APPLICATIONS: Stating relevant personal particulars, including 
details of qualifications and experience, the names of at least two 
referees and quoting reference No A3499, should be directed to 


The Chief 

CSIRO Division of Mathematics and Statistics 
GPO Box 1965 

CANBERRA ACT 2601 

AUSTRALIA 


one month from date of publication 


CISIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1948)A 


The Department of Biology, University of 
Saskatchewan invites applications for a tenure-stream 
position at the Assistant Professor level in the area of 
the molecular genetics of plants. 


Candidates should have a Ph.D. degree and, preferably, 
additional research experience in recombinant DNA 
techniques. Capability in the field of control of gene 
expression and plant genetic transformation is essential. 


Send curriculum vitae and the names of at least three 
referees to Dr. John King, Head, Department of 
Biology, University of Saskatchewan, Saskatoon, 
Sask., S7N 0WO, Canada by August 1, 1985. 

In accordance with Canadian immigration requirements 
this advertisement is directed to Canadian citizens and 
permanent residents. (NW1850)A 
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e 
ICRISAT 


International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT) 


is seeking a 


Principal Training Officer 
at ICRISAT Sahelian Center, Niamey, Niger 


To organize and conduct several levels of training in agriculturally-related 
subjects in West Africa for the benefit of scientists and technical support 
personnel of the National Agricultural Research Systems (NARS) of the 
region and related extension and action agencies. The Principal Training 
Officer must also evaluate on a recurring basis, the training and 
agriculturally-related education needs of West African NARS; aid in the 
identification of trainees and students for assignment to Training 
Programs conducted in West Africa and at ICRISAT Center, India; 
facilitate matters relating to the designation, assignment and travel, of 
all students and tramees from the West African region; and have 
responsibility for the housing, personal welfare and financial arrangements 
for all trainees and students assigned to ICRISAT in West Africa, develop 
over time an inventory of human resources available for agricultural 
research in the region and follow-up on trained personnel to measure 
impact of training program. The incumbent must also organize 
workshops, conferences and symposia and aid the research gan inthe 
conduct of these activities. 


Qualifications’ Candidates must have an advanced degree ТЕУ 
PhD) іп an agricultural discipline with formal training in educational 
subjects, five years experience in teaching agricultural subjects at various 
levels of student educational preparation, and some evidence of research 
accomplishment. A competence in French and English is essential. Most 
teaching and course materials will be in French The position will require 
an ability to travel frequently in the region. An initial orientation period 
of about 4 months at ICRISAT Center, India will be required. Salary for 
the position is at the principal staff level, according to qualifications and 
experience. The position is on a three year contractual basis with 
possibilities of further extension. The post is located at the ICRISAT 
Sahelian Center near Niamey, Niger, which is regional headquarters for 
ICRISAT's West African programs. Niamey, the capital city, has good 
living conditions, international airlines connections, and educational 
facilities for children in French and English. 


Send résumé and names and addresses of three references within 
30 days of the date of advertisement to Director General, ICRISAT, 
Patancheru P.O. Andhra Pradesh 502 324, India. (W1934)A 





Sunderland & Teeside Polytechnics 


NORTH EAST BIOTECHNOLOGY 
CENTRE 


The North East Biotechnology Centre (NEBC) is a National Centre for 
Biotechnology based at Sunderland and Teesside Polytechnics The 
Centre has the following vacancies for research staff. 


RESEARCH ASSISTANT 


Applications are invited from honours graduates, or final year students 
expecting to graduate, in Microbiology/Biochemistry or related 
subjects to undertake research into the flocculation behaviour of 
Bacillus cells in liquid culture. The investigation will involve the use of 
chemostat cultures and also biochemical fractionation techniques for 
isolating and purifying cell surface polyelectrolytes. The research 
supervisor will be Dr Tony Abbott. 


POSTDOCTORAL RESEARCH 
FELLOW 


This post is open to candidates with a Ph.D. in microbial physiology or a 
related discipline, and those about to complete their Ph.D The 
research will be concerned with microbial synthesis of chiral 
compounds of industrial importance and will involve fermentation in 
addition to enzyme purification and characterisation techniques. The 
principal research supervisor will be Dr John Colby. 

An application form and further particulars may be obtained 
from the Personnel Officer, Sunderland Polytechnic, Langham 
Tower, Ryhope Road, Sunderland, SR2 7EE or telephone (0783) 
76231 Ext 11. 

Clasinna date: 27 fine 1985 

























(R7921A 
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BRISTOL .. 
POLYTECHNIC 
Science Department 
Postgraduate 
Research in 
Biological 
Sciences ^ · 


Applications are invited for the 


following posts: 


H 
Researcher (Ref No:R/50 
To work on “Transport and 
Compatibility in Downy 
Mildew Infections” with Dr P 
Spencer-Phillips. * 


"SERCQuota <, 
Studentship tenable in 
one of the following areas 
Biochemistry and,  - 
Pharmacology of insect 5-HT 


Receptors (Dr K Cattell & Dr R 
‘Osborne) Ref R/51a 


Novel approaches in the Study 


of Growth and Killing of Skin 
Organisms (Dr J Greenman) 
Ref R/51b: : 
Molecular Analysis of Race 

* Structure in Bacterial Plant 
Pathogens (Dr A Vivian) 
Ref R/51c 
Histopathology and 
Biochemistry of Dietary . 
Cadmiam in the Shore Crab 
(Dr G Carney & Dr C 
Phillpotts) Ref R/51d  . 
Applicants should indicate the 
post(s) they require further 

' information about. 
Applicants for the Researcher 

‚ А should hold or expect to 
obtain a good Honours Degree 
in Biological Sciences, and for 

‚ the Studentships, at iun a 2i, 
class degree. 
For further details and an 

‚ application form, to be 
returned by 24 June 1985, 
please contact the,Personnel 
Office, Bristol Polytechnic, 
Coldharbour Lane, Frenchay, 

' Bristol or ring Bristol 656261, 
Ext 216 or 217.. 
Please quote appropriate 
Reference Numbers in all 
communications. (6784)A 


ot 


i Development $ Scientist- — 


Histology = 
New Technologies — Research Products 
£8,500-£14 000 . г South Bucks 


Amersham’ International, a highly successful Britisti Company i is a market leader 
producing a wide range of high technology products for life science research, 
medicine and industry. 


' Our New Technologies Department is playing an increasingly important role in 


the development of the Divisions business strategy through the innovation and 


development of immunological and molecular biology кашы at the very 


forefront of this fast moving area. 


The department is currently addressing the need for systems and reagents for de 


DNA cloning, gene expression, nick translation, non-radioactive labelling, 


| . hybridisation, the requirements of biotechnology and the production of anti-bodies 


and enzyme systems for cell biology and Pathology. . 


As a resuit of continuing expansion we now have an exciting career opportunity 
fora development scientist to evaluate and develop a broad range of tissue 
processing and staining techniques for localisation of biological molecules. 


Qualified to at least first degree level in a relevant discipline, you- should have 
both practical and theoretical. knowledge of tissue processing and staining. The 
aptitude/ability to run projects with the minimum of supervision and work to tight 
deadlines is essential. Your flexibility will allow you to work with scientists of 


several different Hisciplines and to apply your knowledge in a number of new 


fields.’ 

Salary in the range iridicated will raflect qualifications and experience and will be 
enhanced by a benefits package including a generous pension scheme, 25 days 
annual holiday and assistance with relocation, where appropriate. 


. Please write enclosing a CV, detailing your career to:date, to simon Voake atthe 


address below. 


Alternatively, please jelaphona Little Chalfont, (02404) 4488, ах 3569 for ап 
application form. (6829)A 


D 


Amersham International i 


Amersham Laboratories 
White Lion Road, Amersham 
Buckinghamshire 


“Aiversham 


Classified 


M.R.C. CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK: HOSPITAL): . 
WATFORD ROAD, HARROW, 
MIDDLESEX, HA1'3UJ 


CHIEF TECHNICIAN 


‚ A chief technician i is required to co- -ordinate and supervise our growing 


central molecular biology facilities. Duties will combine both . 


administrative and technical responsibilities. The successful candidate 
will be expected to play an active role in the experinmental work of 
the molecular medicine research group. 

Applicants should have at least ten years laboratory experience of which 
at least five should have been spent in the molecular biology field: 
Previous, administrative experience is essential. 


Salary will be within the range £9,987 — £11,489 inclusive, depending 
on experience. Informal enquiries may be made to Dr James Scott, 


Head of the Molecular Medicine Research Group — Telephone 01-864 


5311 extn: 2479. Application forms and job description may be obtained 
. by writing to Miss B. A Shaw; Personnel Dept. Quoting Referance 
| 111/2/4275. ў 


Closing date for pplication 4 July 1985. | 7 (6781)А : 
7 з vl " Р ` 


_. PLANTGENE - 
TECHNOLOGY and 
DNA RESEARCH - 


POSTDOCTORAL 
POSITION 


Candidates with а background in plant physiology and/or DNA 
research are invited to join an industry-funded independent research 
group at the Institute of Molecular amen of the Austrian Academy ot 
Sciences in Salzburg: 

We offer a salary and benefits commensurate with experiance 
according to Austrian Academy of Sciences scheme. The initial’ 
appointment will be for one year with possible extention up to four 
years. Résumé, list of publications and three letters of reference 
should. be submitted to CHEMIE LINZ AG, Personalwirtschaft, 

POB 296, A 4021 Linz, Austria. 


CHEMIE LINZ AG > (IW1939)A 
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DRUG DESIGN SCIENTIST 


G.D. Searle is.a major international 
pharmaceutical company whose Research 
& Development Division at High Wycombe’ | 
is involved with the discovery of new 
chemical and biological entities. 


The Division is expanding its. Drug Design Еп Ineering and Molecu 
Sofiwate currently in use includes Chemlab 


and Computer Graphics expertise in line with 


ө ‘Software. development in 
computational chemistry. 


The Drug Design group “contributes na 
major way to Medicinal Chemistry research 
programmes and also Supports Protein ; 
ar Genetics research. 


other developments tn its Medicinal eel and Chemgraf'running on a VAX cluster `, 


Department. There is now a vacancy fora 
scientist with interests and experience which ` 
lie in one or more of the following areas.- 


€ Computational Chemistry and its 
application to drug design problems. 


€ Analysis of Structure-Activity 
Relationships using regression, 

' classification and multivariate 
techniques. jo 9 


€ Physical Chemistry measurements 
(FT-nmr, FT-ir, pKa, logP) and their 
use in drug design. 


cases 





CHAIRPERSON 


Department of Physiology and Biophysics : 


THE UNIVERSITY OF TEXAS, MEDICAL BRANCH 
AT GALVESTON. · ^: 


Applications and nominations are invited -for the eaten of 
Chairperson of the Department of Physiology and Biophysics. 
Candidates must be a highly qualified individual with nationally 
recognized credentials in research and senior academic accomplish- 
ments with administrative experience or potential. The position offers 
excellent opportunity to develop an internationally leading adademic 
department due to outstanding resources, scientific environment. "and 
faculty positions. ® 


Application or nomination should include a curriculum vitae. 
Address correspondence to: James C. Thompson, M.D., 

Chairman, Department of Surgery, The, University of Texas 
Medical Branch, Galveston, Texas 77550. 


The University of Texas Medical Branch.is an Affirmative Acron Equal | 


Opportunity employer. (NW1856)A 


Several positions are available at Geo. J. Ball, a major 
horticultural company in northern Illinois. The positions and 
qualifications are: 


1 Plant Tissue Culture: 4 positions; PhD, MS or BS with single ` 


or combined background and experience in any.of the following 
areas: А 

in vitro micropropagation 

. acclimation of tissue cultured plants /n vivo 

product system development in tissue culture 

plant pathology 

plant physiology 

cell culture 


оао с 


2.. Greenhouse Manager: BS preferred with experience in. 


laboratory micropropagation. 
Send résumé to: 


Ball 


+ 


Dr. Irwin Y.E. Chu 
Vice President - 
Research & New Project Development 
Geo. J. Ball, Inc. 
P.O. Box 335 
; West Chicago, IL 60185 
EQUAL OPPORTUNITY EMPLOYER 
` (NW1865)A 





`$ inha 


The Company offers competitive salaries, 23 
days holiday, contributory pension fund, health 
insurance scheme, subsidised cafetería, . IE 
‘recreation club and modern offices in a very 
pleasant location. Generous relocation . - 

, assistance will be’ available in ı appropriate А 


Please apply to the Persorinel Manager; 
РЕ Searle Research & Development, Lane End: 
: Road, Sands,.High Wycombe, Bucks. (Tel: : 
High Wycombe 21124, Ext. 3372): Please 
quote reference CH157. 


(6770) 


т Postdoctoral Positions in 


. MOLECULAR 
VIROLOGY 
Postdoctoral positions available 
in July to study molecular details 
- of replication and gene expres- 
sion ‘in plant viruses and to 
construct gene ` vectors. 
Molecular biology and/or 


recombinant DNA experience : 
desirable.. 

Send curriculum vitae and three 
letters of reference to: Dr. 


: Paul Ahlquist, Biophysics 


Laboratory, University of: 

Wisconsin, Madison, Wl f 
53706 ‘USA. An 
opportunity "бла 


equal 
W1838)A 

















FACULTY POSITION - 
ENVIRONMENTAL 
-~ TOXICOLOGY ` 


The Department of' Environ- 
mental Health Sciences of the 
Schopl 2t RUE Health, Universi- 
hf: Alabama at Birmingham 
(UAB) is seeking an assistant or 
assocate- professor in. en- 
vironmental toxicology. This is a 
tenure-track position with 
responsibilities that include 
teaching: of graduate level toxi- 
cology courses and initiation of 
independent and collaborative 
research. A doctorate .in- tox- 
4 icology. and an interest ‘in car: 
cinogenesis neurotoxicology, 
ation toxicology, wH be 
Snown preference. Salary is 
negotiable, depending on 
qualifications. Curriculum vitae 
and names .of three. references 
should be sent before 30 June 
1985 to: Dr. Robert G. Meeks, 
Chairman, Search Commit- 
{į tee, Department of Environ- 
mental Health Sciences, 
| School of Public Health, 
University of Alabama at Bir- 
mingham, University. Station, 
Birmingham, Alabama 35294. 
An Equal n Employer a 


mative Action plo ег. 
MARROIA 


WASHINGTON, DC 
Immediate and Fall Post- 
Doctoral Research Positions. 
Past Interest and knowledge of 
the Molecular Biology. of the, 
nucleus desirable. To combine . 
gene. cloning and ' chromatin 
biochemistry to study Poly 
(ADP-ribosylation) involving 
replication, gene expression and 
nuclear oncogene proteins. - 
"Collaboration with leading labs 
at NIH. 

Send ' curriculum ' vitae, 
reprints and names of three 
references to: Dr. Mark 
Smülson, Dept. of Biochem- 
istry, Georgetown Univ. Schl. 
of Medicine, Washington, 
DC 20007. 


(NW1853)A 


RESEARCH ASSISTANT 
immediately available in protein 
, chemistry. Qualified applicants 
should have BS or MS in 
chemistry or biochemistry. 
Experience — with . protein 
purfication and analytical 
instrumentation (HPLC, protein 
sequencer is preferred. . 
Send cv and 3 letters of 
reference to Personnel 
Manager, W. Alton Jones, 
Cell Science Center, 10 Old . 
Barn Road, Lake Placid, New’ 
York 12946 refer to job order 
— CR-8506. (NW1845)A 


, POSTDOCTORAL : 
POSITIONS ' 


Two postdoctoral positions 
available August 1, 1985 ог 
studies of the mechanisms of 
senescence of differentiated cells 
in culture and mechanisms of 
immortalization in neoplastic 
transformation. PhD. or MD 
required with training in cell and 
molecular biology 

Send curriculum vitae and the 
names of two references to , 
Dr. Peter J; Hornsby, 
Department of Cell and 
Molecular Biology, Medical 
College of Georgia, Augusta, 
Georgia 30912. EOE/AAP 
J2900. (NW1842)A 








POSTDOCTORAL POSITION 
Recently. formed multidisciplinary 
group with stable long-term funding 
seeks PhD or MD to participate in 
studies of the role of DNA 
topoisomerase in tumor.biology and 


'"Écancer chemotherapy. Investiga- 


tions at the molecular/cellular level 
Iwill be. coordinated with those 
jexamining the basis for tumor 
responsiveness to established and 
newly synthesized topoisomerase- 
mediated anticancer drugs. Salary 
negotiable. t ` 
Send curriculum witae, three 
reference, and brief. statement 
of research interests and 
experience to: Warren Ross, MD, 
or. Tom Rowe, PhD Box J-267, 
JHMHC, University of Florida, 
Gairiesville, Fla. 32610. 
(NW1843)A 
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Boehringer i 
Ingelheim | 


Research Opportunities : 
inthe Field of CNS Pharmacology 


for a PHYSICIAN, BIOLOGIST or BIOCHEMIST 
in WEST GERMANY  — 


The Boehringer Ingelheim Company is an internationally oriented pharmaceutical 
company with a range of pharmaceuticals originating largely from its own research 
and development. 


For our C N S Research Group we are looking for an enthusiastic scientist with a strong 
experimental background in physiology, biochemistry or pharmacology. 


_ It is our aim to identify new, therapeutic principles. We are seeking to achieve this 
goal through interdisciplinary research in chemistry, biochemistry, molecular biology 
and genetic engineering. 


Special knowledge in the areas of biochemical psychopharmacology or 
electrophysiology would be of considerable benefit. 


For further information please contact Professor Jennewein Tel. 06132/77-2135. 


Applicants should send their full C.V. to 


Boehringer Ingelheim KG, Personalabteilung | 
D-6507 Ingelheim am Rhein/West Germany (W1950)A 





| | LFEPA PHILIPPS-UNIVERSITAT 
( BiotecuNoLocisTs: Vee "EUS 

| OLOGISTS! І bs im Eoi Humsnmedist am Institut für ' 
What's going on inthe world's fastest- Normale und Pathologische Physiologie ist eine 
growing scientific discipline? 


Professur (C4) 
To find out, send fora sample copy of fir Physiologie — 
BIOTECHNOLOGY, the Intemational zu besetzen. Der Bewerber soll das Gesamtfach Physiologie in der 
Monthly for Biology and Industry, to 

















Lehre vertreten Kdnnen und wissenschaftlich international 
ausgewiesen sein. 


Fur die Ernennung zum Professor sind grundsatzlich padagogische 
Eignung und — als Nachweis der Befähigung zu wissenshaftlicher 
Arbeit — neben der Promotion die Habilitation oder gleichwertige 
wissenschaftliche Leistungen erforderlich. Im übringen gelten die 
Einstellungsvoraussetzungen des $ 39 a Hug. 


' Bewerbungen mit den ublichen Unterlagen (das Schriftenverzeichnis 
ist nach Originalarbeiten, Übersichtsartikel und Fallstudien zu gliedern. 
Ber gemeinschaftlichen Veroffentlichungen soll der Bewerber 
ausführen, worn seine Miturheberschaft besteht) sind bis zum 
19. 7.1985 zu richten, an den Präsidenten der Philipps-Universitát 
Marburg, BiegenstraBe 10, D 3550 Marburg. (W1930)A 


Felicity Parker, Macmillan Journals, 
Houndmills, Basingstoke, Hants. 
RG212XS, UK 


or А 


Paul Siman, Bio/Technology, 
| 65 Bleecker St., New York, NY 10012. 
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CSIRO 


AUSTRALIA 


RESEARCH FELLOW 
$A26,001 - $A38,243 


DIVISION OF ATMOSPHERIC 
RESEARCH 
ASPENDALE VIC 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists The Organization's research 
activities are grouped into five Institutes Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial 
Technology and Physical Sciences. The CSIRO Division of 
Atmospheric Research is a Member of the Institute of Physical 
Sciences. 
GENERAL: The Division of Atmospheric Research has a staff of 130 
including 70 professional scientists and undertakes research into 
physical and chemical aspects of atmospheric phenomena and related 
areas. The Clouds and Radiation Program in the Division is concerned 
with aircraft, lidar and satellite observation of various atmospheric and 
surface characteristics as well as related theoretical studies of clouds (in 
particular) as they control the energy input to the earth’s atmosphere 
system Particular emphasis at this time is on satellite observations 
using the new CSIDA faciltty for satellite reception and data analysis 
DUTIES. Although there will be considerable freedom to pursue the 
appointee's own ideas, he/she will conduct research in one or both of 
two related areas. 
(a) use of satellite radiance data to abstract real information on 
atmospheric and surface phenomena and 
(b) use of various lidar techniques for analysis of upper level clouds and 
aerosols 
The appointee will be expected to relate the work to the general 
problem of climate modelling and address such questions as the 
radiative control of deserts and drought 
QUALIFICATIONS: A PhD degree or equivalent qualifications, in a 
related field and strong evidence of independent research ability 
TENURE. A term of three years, with the possibility of a further term of 
2 years Australian Government superannuation benefits available 
APPLICATIONS. Stating relevant personal particulars, including 
details of qualifications and experience, the names of at least two 
professional referees and quoting reference No A1827, should be 
directed to: 
The Chief 
CSIRO Division of Atmospheric Research 
Private Bag No 1 
MORDIALLOC VIC 3195 
AUSTRALIA 
by 4 weeks from date of publication 
CISIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1945)A 





M.R.C. CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) 
WATFORD ROAD, HARROW, 
MIDDLESEX, HA1 3UJ 


POST DOCTORAL FELLOW 
IN MOLECULAR BIOLOGY 


Applications are invited from science graduates for a 3 year postdoctoral 
position in the Molecular Medicine Research Group to work on the 
molecular basis of atherosclerosis. The work will be particularly concerned 
with growth factor and apolipoprotein genes A minimum of 3 years 
experience in molecular biology ts essential. 

Salary scales are related to those for university non-clinical academic staff 
and salary on appointment will depend on age and experience Informal 
enquiries may be made to Dr James Scott (Head of Group) on 01-864 
5311 Extn 2257. 

Application forms and further details may be obtained by writing 
to Miss B.A. Shaw, Personnel Section quoting reference 
111/1/4267. 

Closing date for application 4th July 1985. (6780)A 





UNIVERSITY OF 
ZIMBABWE 


DEPARTMENT OF PHYSICS 
(2 posts) 


LECTURESHIPS/SENIOR 
LECTURESHIPS/ 
ASSOCIATE 
PROFESSORSHIP 


Post A: Applicants should havea BSc 
Honours degree in Physics but 
preferably a PhD. The successful 
candidate 15 expected to teach at both 
undergraduate and postgraduate 
levels, as well as supervise MPhil and 
DPhil students in relevant research 
arca 


Post B. Applicants should have a 
BSc Honours degree in Physics but 
preferably PhD The successful 
candidate must be competent to tcach 
Electronics to BSc undergraduates as 
well as supervise postgraduate 
research in Electronics Preference 
will be given to a candidate with some 
proven industrial experience. 


Salary scales: Lecturer: Z$11,880 
-Z$20,076, Senior Lecturer. 
7%20,580 - Z$23,400, Associate 
Professor: Z$21,084 - Z$23,904 
(including allowance). 


Appointment on the above scales 
according to qualifications and 
experience. 


Conditions of Service: Both 
permanent and short-term contracts 
are offered. Persons who are not 
Zimbabwean citizens may be 
appointed only on short-term 
contract basis with an initial period of 
two years Short-term contracts may, 
in exceptional cases, be extended. 


Six copies of applications giving 
full personal particulars which 
should include full name, place 
and date of birth, qualifications, 
employment and experience, present 
salary, date of availability, telephone 
number and names and addresses of 
three referees should be addressed to 
the Director, Appointments and 
Personnel, University of Zimbabwe, 
P O Box MP 167, Mount Pleasant, 
Harare, Zimbabwe (Telex: 4-152 
ZW). Candidates in the UK should 
also send an additional copy to the 
Association of Commonwealth 
Universities. (Appts), 36 Gordon 
Square, London WCIH OPF, from 
whom further particulars may be 
obtained 


Closing date for receipt of 
applications is 12 July 1985. 
(W1943)A 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


A 2-year position ts offered to 
study the effects of recombinant 
tumour necrosis factor in vivo and 
in vitro. 


Potential areas of research 
include therapy in murine models, 
regulation of tumour cell sensi- 
tivity and regulation of tumour 
necrosis factor activity. Appli- 
cants should have a Ph D with 
experience in cellular immuno- 
logy and biochemistry. 


Send curriculum vitae and 
brief summary of research 
experience to German Cancer 
Research Centre (DKFZ), Im 
Neuenheimer Feld 280, D-6900 
Heidelberg, FRG. (W1932)A 
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THE UNIVERSITY OF 
WESTERN AUSTRALIA 
Perth 
DEPARTMENT OF SURGERY 


RESEARCH 
OFFICER/RESEARCH 
FELLOW 


Applications are invited fror 
scientists who have completed a Ph! 
degree in experimental anatomy < 
pathology, for a post-doctor: 
fellowship in experimental opthalm: 
pathology, in particular related to th 
neuro-anatomy of the macul: 
Funding will be guaranteed for thre 
years in the first instance bt 
applicants should consider it as a 
Opportunity to establish their ow 
laboratory and develop а long-terr 
career as a principal investigator Th 
Opthalmic Research Unit, Depar 
ment of Surgery, University c 
Western Australia 15 currenti 
relocating into the Lions Ey 
Institute, Queen Elizabeth И Medic: 
Centre This facility consists of 6 
modernised laboratories and office 
which will provide a unique mix c 
patient care, animal studies and basi 
research laboratories all in the sam 
geographic area. The unit ha 
extensive interests in retinal an 
vitreous disease and has active labot 
atories based on neurophysiology 
biochemistry and cell culture. Th 
successful applicant will collaborat 
closely with the Head of the Uni 
Professor Ian Constable, on anim: 
and human studies of the macula an 
also with Associate Professor Joh. 
Papadimitriou, Head of Departmen 
of Pathology, University of Wester: 
Australia on new technology relevan 
to electron microscopic analysis o 
macular disease. Enquiries fo 
further information should b 
directed to Professor Constable a 
(09) 325:0101, extension 2822. 


Current salary ranges: Researcl 
Officer — $A20,003 - $428,306 pe 
annum; Research Fellow - $A26,236 
$A34,467 per annum. Benefit 
include fares to Perth for self an 
dependent spouse Conditions o 
appointment will be specified in an: 
offer of appointment which may b 
made as a result of this advertise 
ment 


Applications їп duplicate statin; 
full personal particulars, qualifi 
cations and experience and the name 
and addresses of three referee 
should reach the Staffing Officer 
University of Western Australia 
Nedlands, Western Australia 6009 
by 3ist July 1985 (W1929)A 























CHEMICAL ENGINEER 
Conduct research of Asiatic 
herbs demonstrated to be 
beneficial to the prevention & 
treatment of metabolic disorders 
using English & Chinese lang. 
publícations; perform chem 
analysis of herbs to identify 
active ingredients, use lab. 
eqpmt. chem. extraction 
techniques incl. solvent & 
centrifuge extraction & steam 
distillation to process herbs to 
high purity compounds or active 
components. Req. PhD in 
chemical Ear 4 yrs exp. in job 
offered & proficiency in Chinese 
$32,500 yr., job in San 
Francisco Send this ad & 
résumé to job no 4516, PO Box 
865, Sacramento, Ca 95804 not 
later than June 28, 1985. 

(NWI1841IA 
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FERMENTATION - T" 


RESEARCH. 


John & E Sturge Limited, a member of the RTZ Chemicals А 
Group, wish to appoint a person to participate in an ongoing : 
i programme of fermentation research for processes for the 
uction of organic acids, enzymes and other products. 
he work will be conduċted in our Research Department, on 
the site containing our large scale fermentation facilities in 
Selby, Yorkshire, where citric acid and enzymes are current- 
ly produced. 
The successful applicant will have obtained at least a 2 i) 
Honours Degree in microbiology or a related discipline, and 
would preferably have academic or industrial post-graduate 
experience in microbial physiology. The person appointed 
| be paid a salary commensurate with his/her qualifi- t 
cations and the responsibilities of the post. Assistance with 
relocation will be given. in appropriete cases. 


: Sturge Biochemicals ‘тето, 


Please send a detailed c.v. to Dr. W.J.E. Gardner, : 
John and E. Sturge Ltd., Denison Road, SELBY, 

: North Yorkshire, YO8 8EF. Previous applicants need 
not re-apply. 6698)A 


The W. Alton Jones Cell Science Center 
invites applications for the position of 


Assistant Scientist 


in the protein chemistry laboratory. "Candidates should be willing to | 


. collaborate closely with the recombinant DNA laboratory and with 


_ several tissue culture laboratories that are engaged in the isolation, ' 
characterization.and modification of bioeffectors produced by various - 


differentiated cell types. ' 


Expertise in modern miclotechniques of protein sequencing is 
* , expected. Synthetic peptides will be used for structure-function 
studies in cell cultures and for raising antibodies., — ' 


' Applicants should send curriculum уіїае,апа references to: 


Personnel Manager. W. Alton, Jones Cell Science Center, 10 
Old Barn Road, Lake Placid, New York 12946. (NW1844)A 


The Waksman Institute of Microbiology, the Department of Chemistry, 


~ and the Department of Biochemical Engineering of Rutgers, The State 


University of New Jersey, invite дие and nominations for senior 


- professorial positioris in 


PROTEIN ENGINEERING 
: PROTEIN CHEMISTRY | 
MACROMOLECULAR | 
CRYSTALLOGRAPHY - 


at the institute on the New Brunswick/ Piscataway campus. 


- Thé successful candidates will join a multidisciplinary and rapidly 


expanding group of investigators in the study of biomolecular structure, 
function, and design. We seek distinguished leaders with demonstrated 
ability and: commitment to conduct vigorous research programs, to · 


. interface with molecular.biology, to teach at the graduate level, and to | 


assume other usual academic responsibilities. Because of the interface, 


- with molecular biology. two of the positions, protein engineering and 


protein chemistry, will be associated with a curatorship of two resource 


* facilities, the fermentation laboratory, F1, and: the biomolecular 
instrumentation laboratory, F2. F1 will be. equipped with new 
-microprocessor controlled vessels and state-of-the-art analytical 


equipment. F2 will run and maintain an oligonucleotide synthesizer, a 
peptide synthesizer, an amino acid analyzer, a high resolution protein 


"sequenator, and HPLCs. Access to the supercomputer at the newly 


established John von Neumann Center for Scientific Computing, to 
several VAX computer systems, and to computer graphics equipment 
provides excellent computational facilities for this program. Salary and ^ 
rank will be commensurate with experience, background and professional е 
qualifications. 

Applications must include an expression of interest in the position, and - 
up-to-date publication list, a curriculum vitae, and confidential letters of - 


' recommendation from five professional references. Applications will be 
' accepted until'the position is filled. ' 


. Applications and nominations may be directed to: 


Professors Joachim Messing and Wilma К. Olson ^ 
Chairpersons 
Biomolecular Structure 
· Program Search Committee А 
Waksman Institute of Microbiology 
Rutgers, The State University 
PO Box 759, Piscataway, New Jersey 08854-0759 ' 


Rutgers University is an Equal Opportunity/ Affirmative Action Employer · 
(NW1 849)А 





Nous sommes un important groupe pharmaceutique шегпайопа! 


et en expansion. 


Pour faire face à l'extension de ses objectifs, | notre R. & D., 
située à Braine l'Alleud prés de Bruxelles, recherche 
`3 collaborateurs ou collaboratrices de haut niveau: 


UNE) BIOCHIMISTE (senior) 


r 


UN(E) PHARMACOLOGUE (généraliste) 
ae NEURO-PHARMACOLOGUE (physiologie et comportement) 


Ils sont appelés à animer et diriger une ou plusieurs équipes de 
, recherche et d'éváluation de produits nouveaux ainsi que des projets _ 
de recherche impliquant des contacts’ multidisciplinaires internes 


et externes. . 


“Les сайа. НИРО doivent atre porteurs d'un diplôme de ' 
Doctorat en Sciences ou équivalent; une expérience confirmée 
de plusieurs années dans la spécialisation indiquée est requise. 


La connaissance courante du francais et de l'anglais est requise. 


i 
ба 


9 oT. ‚© Classified 9 


Les candidatures, accompagnées de CV., 
sont à adresser а: . 
UCB s.å. - Direction du Personnel/Développement. 
. эз ү бе er. e ads i - 326 Avenue Louise-Bte 7 - B-1050 BRUXELLES. 
(WI949)A .' - DE: 23 RUE CELO ME DE 
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FACULTY POSITION IN 
IMMUNOPHARMACOLOGY 


The School of Pharmacy, University of California at San Francisco seeks 
an outstanding scientist for a tenure track position at the Assistant or 
beginning Associate Professor level in the Department of Pharmacy. 
We are particularly interested in an individual whose research interests 
will complement the Departmental strengths in drug delivery and phar- 
macodynamics. Specific areas of interest might include immunomodula- 
tion for therapeutic purposes, drug targeting by antibodies, the develop- 
ment of immunologic therapeutic agents, the development of im- 
munologic indicies to monitor drug efficacy and toxicity of the formula- 
tion of mathematical models of the immune system. 
Applicants should have a Ph.D., M.D. or M.D./Ph.D. and be commit- 
ted to develop or continue a first-rate active research program. Teaching 
responsibilities will be in the professional and graduate curriculum. 
Applicants should submit curriculum vitae, three letters of 
reference, and a statement on present and future research in- 
terests by August 15, 1985 to: Dr. Francis C. Szoka, Jr., School 
of Pharmacy, 926-8 University of California, San Francisco, CA 
94143. UCSF is an Equal Opportunity/Affirmative Action 
Employer. Women and minorities are encouraged to apply 
(NW1829)A 


UNIVERSITY OF GUELPH 
COLLEGE OF BIOLOGICAL SCIENCE 


Pre- and post-doctoral positions available for training in the Molecular 
Biology of post transcriptional control with special emphasis on 
structure and function of mRNP complexes and biogenesis of ribosome 
particles in procaryotic and eucaryotic systems Studies of this labor- 
atory are directed to examining molecular events which occur during 


changes in growth rate and differentiation. Teaching opportunities 
available. Stipends for post-doctoral fellows are $17,500 to $21,000 and 





according to departmental guidelines for pre-doctoral fellows. 
Please send résumé and names of three referees to: 


Bruce H. Sells 


College of Biological Science 


University of Guelph 
Guelph, Ontario 
Canada №6 2W1 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF BIOCHEMISTRY 


SENIOR RESEARCH 
ASSISTANT 


Applications are invited for the above 
postdoctoral position to work on the 
molecular biology of the expression 
of mammalian proteinases. The pro- 
Ject is specifically concerned with the 
regulation of genes coding for kidney 
brush border endopeptidases. This 
post is funded by an SERC grant 
awarded to Dr R J Beynon and Dr P 
C Turner and is tenable for up to three 
years, Further information on the 
project may be obtained from Dr 
Beynon or Dr Turner on 051-709 
6022, ext 2757 or 3183. 


Initial salary within range £7,520 — 
£8,450 per annum (under review). The 
starting date is nominally 1 October, 
but may be open to negotiation for an 
outstanding applicant. Applicants 
should preferably be experienced 
either in protein chemistry/en- 
zymology or gene manipulation 


Applications, together with the 
names of three referees, should be 
received not later than 27 June, 1985 
by the Registrar, The University PO 
Box 147, Liverpool L69 3BX, from 
whom further particulars may be ob- 
tained. Quote Ref: RV/298/N. 

(6701\А 


(NW1848)A 





ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

DEPARTMENT OF SURGERY 


POSTDOCTORAL 
RESEARCH FELLOW 


Applicauons are invited for the above 
post, supported by the Wellcome 
Trust, for three years The project is 
to study proteins of the endoplasmic 
reticulum membrane involved in 
intracellular transport and recogm- 
tion, and will involve photoaffinity 
labeling, isolation of membrane 
receptor proteins, in vitro trans- 
cripuon/translation and preparation 
of DNA probes. Experience with 
membrane protein isolation or 
molecular biology would be an 
advantage, and the applicant should 
possess or expect to obtain shortly a 
PhD in biochemistry or related 
discipline. 


Salary 1s on the IA scale for 
Research and Analogous Staff, with 
London Weighting, according to age 
and experience. 


Applications including a curriculum 
vitae and the names and addresses of 
two referees should be sent to Dr B 
M Austen, Department of Surgery, St 
George’s Hospital Medical School, 
Cranmer Terrace, Tooting, London 
SW17 ORE (Tel 672 1255 Ext 5150) 
Cinsine date 4 Inlv 1985.(680090A 


MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 
DEPARTMENT OF PATHOLOGY 


BIOCHEMIST IN CHARGE 
OF MUSCLE LABORATORY 
(Senior/Principal Grade) 


required on a locum basis (available 
grading up to Principal as defined by 
Whitley Council PTA regulations). 
The muscle laboratory is part of the 
Chnical Biochemistry Department but 
has close links with other sections 
(Electron Microscopy, Histo- 
pathology etc) as part of a com- 
prehensive diagnostic service in mus- 
cle, central and peripheral nervous 
system pathlogy, to Hospital and 
Region. Clinical Biochemistry is a 
well-housed department, with nine 
staff at present, including five 
graduate scientists, one of whom 15 
mainly engaged on muscle chemistry. 
Equipment includes two Ultra cen- 
trifuges, isotope counting facilines, 
fluorimeter and a spark camera for 
autoradiography. The successful can- 
didate will be requried to continue and 
develop a diagnostic biochemistry ser- 
vice for the investigation of human 
metabolic muscle disease. Collabora- 
tion with current research projects will 
be expected, and there is an excellent 
opportunity to develop a personal 
research programme with the readily 
available material 


Intending applicants are welcome to 
visit by appointment with Mr R A 
Westhead, (Principal Biochemist) 
021-558 3232, ext 257. 


Job description and application 
forms from: The Administrator, The 
Midland Centre for Neurosurgery and 
Neurology, Holly Lane, Smethwick, 
Warley, West Midlands B67 7JX. 


Tel: 021-558 3232, ext 251. 
(6826)A 


UNIVERSITY OF 
NOTTINGHAM 
Medical School 


DEPARTMENT OF COMMUNITY 
HEALTH 


TEMPORARY LECTURER 
OR RESEARCH FELLOW IN 
BEHAVIOURAL 
SCIENCE/HEALTH 
EDUCATION 


A two year position of Temporary 
Lecturer or Research Fellow, with 
possible extension, is offered to 
undertake research on the develop- 
ment and implementation of an inter- 
active computer based system of 
health risk appraisal for use in health 
assessment and education. 
Candidates should have expertise in 
the conduct of evaluative studies, and 
interests in health education, 
epidemiology, and disease prevent- 
10n. Salary on the appropriate scale. 


Potential applicants wishing to 
discuss the position or to receive 
further information and application 
forms should write to, or telephone, 
Professor J M Elwood, Department 
of Community Health, Queen’s 
Medical Centre, Nottingham NG7 
2UH; telephone 0602 700111, ext 
3561. Closing date for applications 
12th Inlv 1984 TATTIRA 


UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTR] 


RESEARCH OFFICER 


Applications are invited for two pos 
of Research Officer which a 
available imnmediately in tt 
Department of Biochemistry. Е‹ 
both posts, applicants must have 
good degree in biochemistry or 
related subject. 


Post 1 The Research Officer wi 
work with Mr B A Morris, Dr M 
Clifford and Dr B J Gould ona foc 
analysis project funded by tt 
Ministry of Agriculture, Fisheri 
and Food. The objective is to develc 
animmunological method of analys 
capable of supporting legislation th 
controls which enzyme preparatio) 
may be used as food additives. Th 
project should provide a challenge: 
relently qualified young scientis 
interested in applying their skills 
this relatively new field. Previo 
experience in protein separatio! 
immunoassay, especially ELISA, « 
a knowledge of food manufacturir 
processes would be an advantag 
Further details of the post may t 
obtained from Mr Morris on 04 
571281 ext 823 or Dr Chfford on e 
435. Salary up to £7,520 per annu: 
depending on age, qualifications ar 
experience. 


Post 2 A Research Officer 
required to work on a project fundt 
by the Water Research Centre. T] 
project involves the production : 
antibodies to pesticides and oth 
pollutants and the development ‹ 
non-isotopic immunoassay tec! 
niques appropriate to the Wat 
Industry. Further details of the po 
may be obtained from Dr W Aher: 
on 0483 571281 ext 497. Salary ир! 
£7,980 per annum depending on ag 
qualifications and experience. 


Both posts are available for 
period of two years. 


Applications in the form of 
curriculum vitae (3 copies) ar 
including the names and addresses ı 
two referees, should be sent to tl 
Personnel Office (JLG), Universi 
of Surrey, Guildford, Surrey, GL 
5XH by 24th June 1985 quotir 
reference 398/N. Previous applican 
need not reapply. (6793)A 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF PHYSIOLOGY 
Applications are invited for 
the post of 


LECTURER IN 
PHYSIOLOGY 


The Department is particular 
seeking a physiologist who is 
veterinary graduate. It woul 
however, also be interested 
receiving applications fro 
candidates with a medical degree o! 
research interest in cardiac musc 
The salary will be within the ran 
£7,520 - £14,925 per annum togeth 
with superannuation. 


Applications including the nam 
and addresses of two referees, shou 
be sent by 28th June 1985, to t 
Registrar and Secretary, Universi 
of Bristol, Senate House, Bristol B: 
1TH, from whom further particule 
may be obtained. Please quote reft 
ence TI.T {(6772\А 
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THE UNIVERSITY OF THE 
SOUTH PACIFIC 


LECTURER I/SENIOR 
LECTURER IN ANIMAL 
SCIENCE — Post 85/33 


Applications are invited for the 
above post in the School of 
Agriculture located at the Alafua 
"Campus in Western Samoa. The 
appointee will take charge and direct 
mhe work of the Animal Science 
section of the School and will be 
«cesponsible for the co-ordination of 
the teaching and research of two 
other members of the lecturing staff 
who jointly offer courses in animal 
science to students reading for the 
Diploma in Tropical Agriculture, the 
Bachelor of Agriculture and the 
Master of Agriculture by research. 
He will in addition be responsible for 
Operation and further development 
«of the School's livestock enterprises 
for demonstration, research and 
commercial purposes. Applicants 
should possess a first degree in 
Agriculture, Animal Science or 
Veterinary Science with postgraduate 
qualifications, preferably at doctoral 
level, in a relevant field of animal 
science. Research interests in the field 
of reproductive physiology would 
complement those of the present staff 
and meet the needs of the region for 
improvements in this area. 


Salary will be in accordance with 
qualifications and experience in the 
Lecturer I scale: F$13,921-18,919 or 
Senior Lecturer scale; F$19,525- 
22,815 (£1: F$1.48 on 28/5/5). In 
addition the University provides 
gratuity amounting to 15% of basic 
salary, appointment allowance and, 
subject to the University’s current 
housing policy partly furnished 
accomodation at a rental of 124 % of 
salary. The University will contribute 
a sum equivalent to 10% of the 
appointee's salary towards his super- 
annuation obligations. Appointment 
will be for a contract period of three 
years and may be renewable by 
mutual agreement. Candidates 
should send three copies of their 
curriculum vitae with full personal 
particulars, names and addresses of 
three referees and date of avail- 
ability, to the Secretary, The Uni- 
versity of the South Pacific School of 
Agriculture, Alafua Campus, PO 
Box 890, Apia, Western Samoa, to 
reach him no later than 19 July 1985. 
Candidates in UK should also send an 
additional copy to the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF. (W1935)A 





RESEARCH POSITIONS 


1) Postdoctoral Associate and 2) 
Research Assistant (BS or MS) 
positions available in a research group 
working with RIBOSOMAL 
PROTEIN GENES AND cDNA 
EXPRESSION LIBRARY from 
higher plants. DNA cloning and/or 
sequencing experience required. Write 
to: Dr Alap Subramanian, Group 
Leader, Max-Planck-Institut fur 
Molekulare Genetik, Abt Wittmann, 
Ihnestr 63, Berlin-Dahlem, Fed'Rep 
Germany. (W1933)A 





THE NATURE 
CONSERVANCY COUNCIL 


HIGHER SCIENTIFIC 
OFFICERS 


3 contract posts with a duration of up 
to 2 years in the Geological Conser- 
vation Review Unit. 


Applications are invited from 
specialists in the following subjects: 


1 Vertebrate Palaeontologist 
(fish) 


2 Palaeobotanist/Westphalian 
Stratigrapher 


3 Pleistocene River Terrace Strati- 
grapher 


The successful candidates will be 
required to undertake the assess- 
ment, selection and documentation 
of key earth science sites. 


Qualifications and experience. 
Applicants should have a first or 
second class honours degree in an 
earth science, with at least three years 
PhD experience in the specified disci- 
pline. Candidates should also have 
undertaken relevant post-doctoral 
research and have experience in con- 
servation. A current driving licence is 
essential. 


Salary, depending on qualifi- 
cations and experience. £7,435 rising 
to £10,039 per annum. 


The posts will initially be based in 
Newbury but will be moved to Peter- 
borough in 1986. 


For an application form and 
further particulars please contact 
Miss B A Meredith, Personnel I, 
Nature Conservancy Council, North- 
minster House, Peterborough, PEI 
1UA. Closing date for receipt of 
completed forms 1s 10 July 1985. 


The Nature Conservancy Council 
is an equal opportunity employer. 
(6801)A 


UNIVERSITY OF KEELE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


DEMONSTRATORSHIPS IN 
ZOOLOGY AND 
BIOCHEMISTRY 


Applications are invited from 
individuals with some research and, 
ideally, teaching experience for the 
posts of Demonstrator, initially for 
one year from October 1985, at a 
salary of £6,600 per annum, together 
with membership of the USS. For the 
Demonstratorship in Zoology, 
candidates should have a good degree 
in zoology or biological science. 
Applicants with interests in 
helminthology (especially the biology 
of metacestodes) or behavioural 
endocrinology will be given 
preference, but other areas are not 
excluded. For the Demonstratorship 
in Biochemistry, candidates should 
have a good degree in biochemistry or 
cell biology and should be prepared 
to participate in existing biochemistry 
research projects in the department. 


Further particulars and application 
forms are available from the 
Registrar, University of Keele, Keele, 
Staff, ST5 5BG to whom completed 
applications should be returned before 
Friday 5 July 1985. (6827)A 


Classified 11 


CSIRO 


AUSTRALIA 
RESEARCH FELLOW 


BIOTECHNOLOGIST 
$A26,001 - $A38,243 


DIVISION OF TEXTILE INDUSTRY 
GEELONG VIC 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization's research 
activities are grouped into five Institutes: Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial 
Technology and Physical Sciences. The CSIRO Division of Textile 
Industry is a member of the Institute of Industrial Technology. 


FIELD: Microbiology, biotechnology, surface chemistry. 


GENERAL: The Division of Textile Industry conducts research aimed at 
improving the utilization of Australian wool in the world textile industry. 
It undertakes physical and chemical investigations related to the 
conversion of raw wool for mill processing, improving manufacturing 
techniques and equipment, reducing the environmental impact of 
textile-processing, and improving end product performance. 


DUTIES: The appointee will conduct research to establish the potential 
of biotechnology systems in wool-scouring effluent treatment 
processes and for modfying fibre characteristics. The appointee will be 
part of a multidisciplinary team which has extensive knowledge of wool 
processing and access to processing facilities. 


QUALIFICATIONS: A PhD degree or equivalent qualifications in a 
relevant field of science plus demonstrable research ability. Applicants 
should possess a sound knowledge of microbiology and/or 
biotechnology and surface chemistry, in particular techniques related 
to the identification and optimisation of active species in broad enzyme 
systems. 

TENURE: A term of 3 years with Australian Government super- 
annuation benefits available. 


APPLICATIONS: Stating relevant personal particulars, including 

details of qualifications and experience, the names of at least two 

бого ын referees and quoting reference No C8603, should be 
irected to: 


The Chief 

CSIRO Division of Textile Industry 
PO Box 21 

BELMONT VIC 3216 

AUSTRALIA 


by 4 weeks from date of publication 


CISIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1946)A 





UNIVERSITY COLLEGE UNIVERSITY OF 
CARDIFF EDINBURGH 
DEPARTMENT OF BIOCHEMISTRY DEPARTMENT OF GENETICS 
RESEARCH ASSISTANT POSTDOCTORAL 


Applications are invited for this post 
to work with Dr J Kay (in collabor- 
ation with Dr B M Dunn, University 
of Florida Medical School) on 
structure/activity relationships in 
aspartic proteinases and the selectiv- 
ity of synthetic and naturally- 
occurring inhibitors. Duties to 
commence as soon as possible. 


The appointment is for спе year in 
the first instance, with a possible 
renewal for a second year. Salary 
range Grade 1B £6,600 - £7,055 per 
annum (under review). Research 
expertise with fractionation tech- 
niques including HPLC and experi- 
ence of kinetic procedures would be 
an added advantage. 


Applications (2 copies), together 
with the names and addresses of two 
referees should be forwarded to the 
Establishment Officer, University 
College, PO Box 78, Cardiff CFI 
1XL. Closing date 4th July, 1985. 
Ref: 2956. (6775)A 


RESEARCH FELLOW 


Applications are invited from persons 
with relevant research experience in 
genencs physiology or metabolism 
biochemistry to develop a programme 
on the quantitative and physiology of 
growth and metabolism using selected 
lines of mice The project 15 supported 
by the AFRC in collaboration with the 
AFRC's Animal Breeding Research 
Organisation and Poultry Research 
Centre and is supervised by professor 
W G Hill. 


The salary will be on the Research 
Associate 1À scale, minimum £7,520 
pa. The appointment will be for three 
years ın the first instance. 


Further information can be 
obtained from the Personnel Office, 
University of Edinburgh, 63 South 
Bridge, Edinburgh EH8 9YL to whom 
applications, together with CV and 
names and addresses of three referees 
should be sent, quoting ref 5257. 

(6818)A 


Classified 12 


Applications are invited for a position in neurophysiology at the 
Assistant Professor level in the Department of Physiology at the 
University of Manitoba Faculty of Medicine. Candidates should 
have a PhD or equivalent, with two or more years of post- 
doctoral training. Preference will be given to individuals with 
experience and a continuing interest in electrophysiological 
analysis of neural networks and/or neurotransmitter actions 
using jn vitro or in vivo systems. Send curriculum vitae, an 
outline of future research plans, and arrange for three letters of 
reference to be forwarded to: Dr. Henry G. Friesen, 
Professor and Head, Department of Physiology, The 


University of Manitoba, 


770 Bannatyne Avenue, 


Winnipeg, Manitoba, R3E OWE Canada. Deadline for receipt 
of applications is 1 September 1985. In accordance with 
Canadian immigration requirements this advertisement 15 
directed to Canadian citizens and permanent residents. 


(NW1857)A 


TRUDEAU INSTITUTE 


VISITING INVESTIGATORS 


The Trudeau Institute has openings for Visiting Investigators interested 
1n spending up to two years working in the field of cancer immunology. 


The sala 
perience 


will range from $20,000 to $25,000, depending on ex- 
niversity researchers interested in spending a sabbatical, or 


medical doctors wishing to obtain experience in a research laboratory 


are encouraged to apply 


The Trudeau Institute is a not-for-profit pure research institute situated 
on the shore of Saranac Lake, 8 miles from Lake Placid, in the Adiron- 


dack Mountains of New York. 


Send curriculum vitae and names of 3 references to: Dr. Robert 
ү: North, Director, Trudeau Institute, Inc, PO Box 59, Saranac 


ake, NY 12983. 


(NW1823)A 


An Equal Opportunity Employer 


Re-Advertisement 


HOUGHTON POULTRY 
RESEARCH STATION 


Grant-Aided by the Agricultural 
& Food Research Council 


IMMUNOLOGIST 


Applications are invited from 
immunologists to join a group 
studying cellular interactions in the 
immune system of chickens with the 
long term objective of providing a 
rational basis for the development 
and presentation of vaccines, par- 
ticularly novel vaccines produced by 
genetic engineering techniques. The 
initial objective is the production and 
application of monoclonal anti- 
bodies specific for lymphocyte popu- 
lations and subpopulations and the 
development of in vitro assays for 
soluble mediators such as inter- 
leukins. 


Applicants should have a first or 
upper second class honours degree in 
a biological subject and preferably а 
PhD, with at least two years relevant 
post-graduate experience. 


The appointments will be made in 
the Higher Scientific Officer grade, 
salary: £7,435 x 6 to £10.039. 


The position is available for a period 
of three years, commencing on a date 
to be arranged prior to October 2nd, 
1985. 


For further details and application 
forms please contact the Secretary, 
John Andrews at Houghton Poultry 
Research Station, Houghton, 
Huntingdon, Cambs, РЕ17 2DA, tel 
St Ives (0480) 64101. Closing date for 
applications is I2th July 1985. 


The Houghton Poultry Research 
Station is an Equal Opportunities 
Employer. (6802)A 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 


READERSHIP IN CANCER 
PATHOLOGY 


Applications are invited. for an 
established Readership in Cancer 
Pathology in the Department of 
Pathology, jointly funded by the 
North of England Cancer Research 
Campaign and the University. 
Candidates should have substantial 
experience and interests in research in 
Cancer Pathology and must also have 
a good working knowledge of experi- 
mental techniques in molecular 
biology as applied to cancer research. 
The possession of a medical quali- 
fication and of the membership of the 
Royal College of Pathologists would 
be preferred, but other candidates 
with appropriate qualifications and 
experience will be considered. The 
successful candidate will be expected 
to take part in general departmental 
and teaching duties, under the 
direction of the Head of the Depart- 
ment. 


Salary will be at a point on either 
the clinical Reader's scale or the non- 
clinical Reader's scale, with member- 
ship of the appropriate super- 
annuation scheme. An appropriately 
qualified clinical appointee con- 
tributing at least two sessions to the 
chnical service would be offered 
honorary consultant status by the 
Newcastle Health Authority. 


Applications (15 copies), giving the 
names of three referees must be 
lodged with the Senior Assistant 
Registrar, The Medical School, Uni- 
versity of Newcastle upon Tyne, 
Framlington Place, Newcastle upon 
Tyne NE2 4HH, not later than 12 
July 1985, from whom further par- 
ticulars can be obtained. (Applicants 
from outside the British Isles may 
submit one copy only). (6779)A 


THE UNIVERSITY OF NEW 
SOUTH WALES 
Sydney, Australia 


LECTURER IN SCHOOL OF 
ANATOMY 


Applicants should have a degree in 
medicine or relevant science and 
appropriate postgraduate quali- 
fications Clinical experience desir- 
able. Duties will include teaching 
gross anatomy and at least one other 
subject, and undertaking research 
relevant to the School's interests 


In addition to salary, a para- 
chnical loading of $46,558 per 
annum will be paid to a medically 
qualified appointee. 


Appointment will be on the basis 
of a contract with provision for 
conversion to tenure 


Further information from Pro- 
fessor F W D Rost, Head of School 
(02) 697-2481 or c/o University 
of New South Wales, PO Box 1 
Kensington, NSW 2033, Australia. 


Applications close 8 July 1985 


Salary: $426,236 range 
$A34,467. Commencing salary 
according to qualifications and 
experience. 


For further information about 
conditions of appointment and 
method of application write to 
the Secretary General, Association 
of Commonwealth Universities 
(Appt 36 Gordon Square, London 
WCIH OPF. 


Equality of employment oppor- 
tunity 1s University policy, 
(W1942)A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF IMMUNOLOGY 
SENIOR TECHNICIAN 
required for large scale production of 
monoclonal antibodies for in vivo 


therapy by large scale screening, and 
Investigation of reagent combinations 


on selected leukaemias and 
lymphomas. 
Salary range £7,521 — £9,935 


(under review) plus £1,042 London 
Allowance. 5-year appointment. 


Further particulars and application 
form available from the School 
Office, RFHSM, Rowland Hill Street, 
London, NW3 2PF (010-794 0500 
Extn 4262). Closing date 5th July 
1985. Please quote reference J/ST. 

(6824)A 





UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 


LECTURESHIP IN 
BIOCHEMISTRY 


Applications from candidates with 
appropriate qualifications and 
research interest in Molecular Cell 
Biology are invited for a Lectureship 
which is available from 1 October 
1985 in the above Department, in 
which Professor G B Warren has 
recently been appointed to the Chair 
of Biochemistry. 


NATURE VOL 315 13 JUNE 198 


UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF PHYSIOLOGY 


RESEARCH ASSISTANT & 
RESEARCH TECHNICIAN 
Q POSTS) 


Applications are invited for a 
Research Assistant, Grade RA ІА, 
and a Grade3 Research Technician to 
work on a project investigating 
neuronal 5-hydroxytryptamine 
receptors using in vitro electro- 
physiological methods. The posts are 
funded by the Wellcome Trust and 
both are for 3 years. Commencement 
of duties to be arranged. 


Applicants for the Research 
Assistant post should have a good 
Honours degree in a relevant bio- 
logical science, but Post-doctoral 
applicants will be considered. 
Experience of electrophysiological 
techniques will be an advantage. 
Salary Grade 1A £7,520 per annum. 


Applicants for the Grade 3 
Technician post should have as 
minimum qualifications ONC, TEC 
or equivalent or a degree in biological 
science. Starting salary will be in the 
range £5,399 - £5,701 per annum. 
Some experience in the field of 
electrophysiology and/or pharma- 
cology will be an advantage. 


For further details, write or 
telephone Professor D I Wallis, 
(0222) 44211 Ext 2259. 


Applications (2 copies) giving 
details of age, qualifications and 
experience, together with the names 
and addresses of two referees, should 
be forwarded to the Establishment 
Officer, University College, PO Box 
78, Cardiff, CFI 1XL. Closing date 
4th July, 1985. Ref: 2954. (6774)A 


UNIVERSITY OF OXFORD 


DEPARTMENT OF AGRICULTURAL 
SCIENCE 


SOIL CHEMIST 


A post-doctoral research assistant 
with experience of soil chemistry and 
the simulation of complex dynamic 
systems is required as soon as possible 
to carry out research under the super- 
vision of Mr P H Nyeon the develop- 
ment and testing of a model of 
nitrogen losses from soil by ammonia 
volatilization. The post is for two 
years on salary scale 1А, and 
candidates should preferably be aged 
28 or under. Applications, including 
a curriculum vitae and the names of 
two referees, should be sent by 28 
June to the Administrator, Depart- 
ment of Agricultural Science, Parks 
Road, Oxford, OX13PF. (6764)A 


Salary scale currently £7,520 - 
£14,925 but due for review. Initial 
placing dependent on qualifications 
and expertence of the appointee. 
Grant towards removal expenses to 
Dundee. 


Applications, containing full 
career details and the names of three 
referees should be lodged as soon as 
possible with the Personnel Officer, 
The University, Dundee, DD1 
4HN. Please quote reference 
EST/18/85J. (6768)A 


NATURE VOL 315 13 JUNE 1985 


THE UNIVERSITY OF 
SYDNEY 


CHALLIS CHAIR OF 
ANATOMY 
Reference No 19/02 


Applications are invited from 
suitably qualified candidates for the 
Challis Chair of Anatomy. The Chair 
has become vacant following the 
retirement of Professor M J Blunt. 


Applicants should have a wide 
experience in the teaching of 
Anatomy and should be familiar with 
the requirements of teaching 
Anatomy to medical and dental 
students. Candidates will be expected 
to have an established reputation in 
research and to be actively engaged in 
research in anatomy or related field 


Possession of a medical degree is 
preferred. Non-medical graduates 
are also invited to apply. 


Salary will be at the rate of 
$AS54,948 per annum plus a pre- 
clinical loading of $A4,919 per 
annum where appropriate. 





Applications in duplicate, quoting 
reference no, including curriculum 
vitae, list of publications and the 
names and addresses of three refer- 
ees, by 12 July 1985, to the Registrar, 
University of Sydney, NSW 2006, 
Australia, from whom further infor- 
mation is available. 


The University reserves the right 
not to proceed with any appointment 
for financial or other reasons. 


Further information also available 
from Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London МСІН ОРЕ. 

(W1936)A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF IMMUNOLOGY 


SENIOR RESEARCH 
FELLOW 
(Senior Lecturer grade) IN 
CLINICAL IMMUNOLOGY 
required for co-ordination of 
immunotherapy with monoclonal 
antibodies and cyclosporin-A in 
patients undergoing kidney, bone 
marrow (BMT), heart and liver 
transplantation This 15 ап 
opportunity for a physician to 
specialize in Clinical Immunology 
including aspects of immunotherapy. 


Salary range £16,240 — £22,620 
(under review) plus £839 London 
Allowance 5-year appointment. 


Further particulars available from 
the School Office, RFHSM, Rowland 
Hill Street, London, NW3 2PF 
(01-794 0500 Extn 4262) to which 
applications (full curriculum vitae and 
names and addresses of two referees) 
should be sent by Sth July 1985 
Please quote reference IMM/SRF. 

(6822)A 


TECHNICIAN or EMBRYOLOGIST 
with experience in mammalian 
embryology, required to work for 
IVF clinic in Athens. Salary 
negotiable. Interested persons should 
write in confidence to Dr H G 
Massauras, 3 Marasli Street, Athens 
106-76, Greece. (W1920)A 


THE SCHOOL OF 
PHARMACY 
University of London 


CANCER RESEARCH CAMPAIGN 
PROTEIN SEQUENCING FACILITY 


RESEARCH ASSISTANT 


Applications are invited from persons 
suitably qualified in protein chemistry 
and/or biochemistry to manage the 
Applied Biosystems gas phase 
automatic protein sequencer facility 
funded by the CRC This new centre 
for microsequencing proteins and 
peptides related to the study of cancer 
has the latest design of on-line 
automatic HPLC equipment and 
computerised data storage. It is 
located in the Department of 
Pharmaceutical Chemistry, which has 
excellent facilities to pursue multi- 
disciplinary research in modern 
chemistry, biochemistry and 
molecular biology. 


Applicants should be graduates (or 
equivalent), preferably with PhD, and 
have experience in protein chemistry 
and in running similar equipment. 
The successful candidate will be 
encouraged to pursue a research 
programme towards a higher degree 
or at postdoctoral level. 


Appointment will be in the 
Research Staff 1A range (£7520 — 
£12150, plus London Allowance of 
£1233), at a point commensurate with 
qualifications and experience 


Further details may be obtained 
from Dr Alastair Aitken, on 01-837 
7651, be sent to: Personnel Officer, 
School of Pharmacy, 29/39 
Brunswick Square, London WCIN 
I AX, to arrive by 5 July 1985. 

(6786)A 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for the 
post of 


EXPERIMENTAL OFFICER 


to work with a research group on the 
physics of semiconducting Low 
Dimensional Structures (LDS) using 
samples prepared by Molecular Beam 
Epitaxy (MBE). 


The person appointed, who will be 
qualified to graduate level, will be 
expected to assist with the growth, 
processing and subsequent character- 
isation of layers grown on a Varian 
GEN II MBE machine. 


Familiarity with some or all of the 
following techniques would be an ad- 
vantage’ ultra high vacuum systems, 
Auger and RHEED spectroscopy, 
mask aligning and bonding and work- 
ing under ''clean room"! conditions. 


This is a permanent University ap- 
pointment in an area of Physics which 
is currently receiving major funding 
from the Science and Engineering 
Research Council and the University. 


Salary will be within the range of 
£6,600 — £10,330 per annum (under 
review). 


Further particulars and forms of 
application, returnable not later than 
30 June 1985, may be obtained from 
the Staff Appointments Officer, 
Univeristy of Nottingham, Univer- 
sity Park, Nottingham, NG7 2RD. 
Ref No. 1000. (6791)A 


Classified 13 








UMIST 
POST-DOCTORAL RESEARCH ASSISTANT 
Protein Engineering 


A Post-doctoral Research Assistant is required to work on an SERC- 
funded project which will analyse and alter the active site of eukaryotic 
Superoxide Dismutase both to elucidate the enzyme's catalytic 
mechanism and to confer novel activities upon it. The project will 
exploit site-directed mutagenesis to introduce defined changes in the 
enzyme's active site ала will analyse their effect on protein structure 
and function using X-ray absorption spectroscopy (XAS) The 
mutagenesis and related biological experiements will be performed in 
the laboratory of Dr S G Oliverin the Department of Biochemistry and 
Applied Molecular Biology. This superbly equipped, modern 
Department has a_dedicated facility for both oligonucleotide and 
peptide synthesis. The XAS and structural analyses will be carried out 
tn the laboratory of Dr N J Blackburn (Dept. of Chemistry) and at the 
SERC Synchrotron Radiation Faciltty in nearby Daresbury 


The post, which is funded for three years, would suit a PhD molecular 
biologist with experience in recombinant DNA technology. An interest 
in, and knowledge of, biophysics or physical chemistry would be 
advantageous but not essential. Commencing salary will be within the 
scale £7520 - £12150 par annum (under review). 


For further details contact Dr S G Oliver (061-236 3311 extn. 2172) 
or DrN J Blackburn (extn. 2103). Applications, quoting reference 
BIO/87, including a curriculum vitae and the names of two 
referees should be sent to Dr S G Oliver, Department of 
Biochemistry and Applied Molecular Biology, UMIST, P O Box 
88, Manchester M60 10D. 


RESEARCH ASSISTANTS 
Molecular Biology Of Lignin Biodegradation 


Vacancies exist in tFe Department of Biochemistry and Applied 
Molecular Biology for two Research Assistants in a Group which is 
funded jointly ру the AFRC and BP’s Venture Research Unit The 
interests of the Group are in lignin solubilisation by white rot fungi and 
actinomycete bacteria. A wide range of molecular genetical, micro- 
biological and analytical methods are currently being used in work to 
identify and characterise genes coding for the enzymes involved, and 
their controlling elements. These include HPLC analysis, protein 
purification, cDNA and genomic cloning, use of synthetic 
oligonucleotide probes, DNA sequence analysis and site-directed 
mutagenesis There ts also extensive collaboration with other groups in 
this excellently equipped and interactive department 


Applicants must have relevant experience at the graduate or post- 
doctoral level and must be available for interview. 

The appointments will be for 18 months in the first instance, with the 
prospect of renewal ала the commencing salaries will be within the 










Molecular Biology, 
3311 ext. 2119). 


ENDOCRINOLOGY 
BIOCHEMISTRY/ 
PHYSIOLOGY 


Postdoctoral Opportunities 


Broad range of Endocrine 
research projects: (1) isolation and 
identification of piturtary and lung 
Ipeptides; (ii) physiologic and 
Ipharmacologic action; (iii) 
| growth and control of function of 


| fetal adrenals; (iv) role о“ growth 
| factors in fetal development 


| Send curriculum vitae, biblio- 

graphy, three letters of recom- 
i mendation, and short state- 
| ment regarding career goals, 
finterests and experience to: 
[Ог Samuel Solomon, Endo- 
crine Laboratory, Royal 
Victoria Hospital, 687 Pine 
Ave. West, Montreal, Quebec 
НЗА 1A1. (NW1772)A 


range £6600 - £12150 per annum (under review) 
Applications, quoting reference BIO/88, including a curriculum 
vitae and the names of two referees should be sent to Professor 
A Broda, Department of Biochemistry and Applied 
UMIST, P O Box 88, Manchester H6 
from whom further information can be obtained (Tel); 061-236 


The closing date for ALL the above posts is 28 June, 1985. 








QD 


(6795)A 


POSTDOCTORAL/ 
ASSISTANT PROFESSOR 
position available immediately in 
the Surgical Immunology Labor- 
atory, VA. Medical Center, 
Miami, Florida, affiliated with the 
Departments of Surgery and 
Urology at the University of 
Miami, School of Medicine. The 
research revolves around new 
applications of multiparameter 
flow cytometry in the characteri- 
zation of solid tumor cell kinetics, 
antigens and metalolic states. 
The candidate should be familiar 
with the principles of flow 
cytometry and monoclonal an- 
tibody staining/production 
techniques. Some computer pro- 
gramming experience is 
desirable. Send curriculum vitae 
to: Norman L. Block, M.D., 
Department of Urology, Uni- 
versity of Miami, School of 
Medicine, P.O. Box 06217, 
Miami, Fla. 33101; telephone: 
305-547-6630. An Equal 
Opportunity/Affirmative Action 
Employer. (NW1860)A 


































Please mention 


nature 


when replying to these advertisements 





Classified 14 


THE QUEEN'S UNIVERSITY 
OF BELFAST 
RESEARCH ASSISTANT 
Department of Applied Mathematics 
and Theoretical Physics 
This post, funded by SERC, in- 
volves work on maintaining an 
Atomic Data Bank for basic atomic 
data which will be used in a number 
of branches of theoretica! physics 
including atomic physics, fusion 
physics and astrophysics. Exten- 
Sive use of computers will be in- 
volved; the Data Bank is set up on 
a.local VAX 11/750, and its main 
use is to capture data from a 
CRAY-1S atthe University of Lon- 
don Computer Centre, via data 

inks. 

Applicants must have a good 
honours degree and postgraduate 
research experience in a relevant 
field. A knowledge of atomic 
physics, astrophysics, or m- 
ormation retrieval would be an 
advantage. 

Salary up to £9390 per annum. The 
postis tenable for one year, starting 
as soon as possible. 
Curriculum vitae, giving the 
names and addresses of two 
referees, should be sent to the 
Personnel Officer, The Queen's 
University of Belfast, BT71NN, 
Northern Ireland Closing date: 
1 July 1985 (Please quote Ref. 
85/0}. (6810ЈА 


IMMUNOLOGY PhD 


wanted to run transplant 
immunology laboratory. Must 
have experience in cellular 
immunology — in vitro immune 
responses, cell separation and 
culture techniques, safe use of 
radioactive isotopes — and be 
willing to direct and assist 
research technicians in perfor- 
mance of simple and complex 
procedures. Some experience 
with UV irradiation and epi- 
dermal cell reactions preferred; 
2 to 3 years of postdoctoral 
experience required. Applicants 
should submut curriculum vitae 
to: Jay C. Fish, MD, 
Department of Surgery, Uni- 
varsity of Texas Medical 
Branch (UTMB), Galveston, 
Texas 77550. 

UTMB s an Affirmative 
Action/Equal 
Employer. 


MOLECULAR 
BIOLOGIST 


To engage in research regarding 
causes of and cures for 
autoimmune diseases; studies 
growth, structure, development 
and general characteristics of 
micro-organisms believed to 
cause arthritis and other 
autoimmune diseases. 

Specifically, successful applicant 
will study interactions between 
La protein, virus RNA molecules, 
and patient anti-La antibodies. 
Req. s PhD in Molecular Biology, 


virology, Biochemistry or 
io 


Medical Biophysics; 2 yrs. exp in 
job being offered or as a 
ostdoctoral Fellow/ Molecular 
Biologist; and thorough 
knowledge of an substantial exp. 
in adenovirus VÀ RNAs and La 
protein antigens. La Jolla, 
California, job site. $35,000 per 
year. If offered employment, 
must show you have the legal 
right to work. 
Send this ad and your résumé 
to job no 1760 PO Box 865, 
Sacramento, California 95804, 
not later than June 28 1985. 
(NW1840)A 





Opportunit 
(NW 1839) f j 


UNIVERSITY OF 
WISCONSIN-MADISON 


MYCOLOGY/MICROBIAL 
ECOLOGY 
RESEARCH ASSOCIATE 
(postdoctoral) position available 
1 June 1985 on the BIOTECH- 

NOLOGY and microbial ecolog 
of fungal pathogens (biocontro 3 
to watermilfoil Research aspects 


include mass culture and strain 
improvement techniques, inter- 


action with other control 
measures, and tracking marked 
populations in water and sedi- 
ment Funding for two years. 
Salary competitive and commen- 
surate with qualifications. Send 
résumé with names of З refer- 
ences to: Dr. John H. 
Andrews, Department of 
Plant Pathology, 1630 Linden 
Drive, Madison, WI 53706. /Ал 
affirmative action/equal oppor- 
j (NW1835)A 













HLA LABORATORY 
DIRECTOR: 


Ph.D. immunologist with 
previous experience and research 
interest in human histocom- 
patibility testing needed to 
develop the histocompatibility 
laboratory at The University of 
Texas Health Science Center at 
San Antonio. Please send im- 
quiries or curriculum vitae, cur- 
ent laboratory procedure 
manual, and UCLA and/or 
SEOPF quality control data for 
the past year to: Callann T. Lum, 
M.D., Director, Organ Trans- 
plantation Programs, Depart- 
ment of Surgery, The Univer- 
sity of Texas Health Science 
Center at San Antonio, 7703 
Floyd Curl Drive, San Antonio, 
Texas 78284. (NW1861)A 





AGRICULTURAL AND 
FOOD RESEARCH 
COUNCIL 
Food Research Institute 


PROTEIN BIOCHEMIST 


A vacancy has arisen for a protein 
biochemist to investigate what 
structural features in the collagen 
molecule determine the mechanical 
strength of gelatin gels. The appointed 
Scientist will work closely with both 
the Collagen Section and Myofibrillar 
Structure Section. The project will 
require the characterisation of a 
variety of gelatin preparations, 
collagen chains and peptide 
fragments, together with mechanical 
studies on gelatin gels and electron 
microscopy. The post is financed by 
industry and is for three years. 


Qualifications: First of upper 
second class honours degree in 
biochemistry or, related subject with 
at least 2 years relevant post-graduate 
research experience for appointment 
at HSO, 4 years for SSO. A PhD and 
experience of electorn microscopy 
or mechanical measurements would 
be an advantage or equivalent 
experience. 


Salary: £7,435 — £12,020 according 
to qualifications and experience. 


Please apply to: Personnel Officer 
AFRC Food Research Institute 
Langford Bristol BS18 7DY (Ref 
85/11) 


The AFRC and the Grant-Aided 
Institutes of the AFRS are Equal 
Opportunities Employers. 

(6788)A 





CAMBRIDGESHIRE 
COLLEGE OF ARTS AND 
TECHNOLOGY 
DEPARTMENT OF SCIENCE 


LECTURER 1 in Geology 


Required from 1st September 1985 to 
teach either sedimentary and organic 
geochemistry or geotechnical 
engineering to final honours degree 
level. A strong interest ın research and 
field work 15 necessary. Other teaching 
will include supervision of student 
projects. Development of links with 
industry is encouraged. 


Salary scale L1 £5910 — £10512 
(award pending), starting point accor- 
ding to qualifications and experience. 


Details and form, to be returned by 
28th June, from Administrative Assis- 
tant, Department of Science, CCAT, 
East Road, Cambridge СВІ IPT, Tel 
(0223) 352992. (6782)A 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENTAL 
SUPERINTENDENT 


' Applications are invited for the above 


post in the Department of Zoology, 
West Mains Road. The successful 
applicant will be responsible for the 
day-to-day running of the Department 
including general supervision, 
selection and training of technical 
staff, purchasing and maintenance of 
equipment, safety and security. 
Applicants should have several years 
of supervisory or middle management 
experience preferably in University 
laboratories. Salary on scale £10,504 
— £11,396 (under review). Ref 
NT546 


Further particulars, where 
available, and application forms may 
be obtained from the Personnel 
Office, University of Edinburgh. 63 
South Bridge, Edinburgh, EH] 1LS. 
Tel 031-556 2930. (24 hour answering 
service) (6815)A 


THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF ANIMAL 
PHYSIOLOGY AND NUTRITION 


LECTURER 


Applications are invited for the 
above post available from 1 August 
1985. Candidates should have a PhD 
1n animal science, preferably involv- 
ing some study of pigs, and should 
have some postdoctoral research 
experience. 


Salary on a scale for Lecturers 
(£7,520 - £14,925) (under review) 
according to age, qualifications and 
experience. 


Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference no 61/19. 


Closing date for applications 
4 July 1985. (6797)А 
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UNIVERSITY OF LONDON 
Institute of Neurology 
Applications are invited for a 
RESEARCH ASSISTANT 


post available until September 1986 
to work on a project to determine the 
m vitro chemosensitivity measure- 
ment of human glioma within the 
Neuro-oncology section of the 
Department of Neurological 
Surgery. Aplicants should have 
experience in tissue culture work. 
Salary within the range £7,980- 
£8,920 plus £1,233 London Allow- 
ance. 


Further particulars may be 
obtained from Mr D G T Thomas, 
FRCSE, Department of Neurological 
Surgery, Institute of Neurology, The 
National Hospital, Queen Square, 
London WCIN 3BG, to whom appli- 
cations should be forwarded within 
two weeks of the appearance of this 
advertisement. (6803)A. 


ROYAL HOLLOWAY AND 
BEDFORD COLLEGES 
Egham Hill, Egham, Surrey 
TW20 OEX 


SCIENTIFIC OFFICER 


Monoclonal Antibody 
Production 


Well qualified graduates in a 
Biological Science required for three 
years for the posts (UGC funded) of 
Scientific Officer to develop a central 
service unit for the production of 
monoclonal antibodies. At least three 
years experience in mammalian cell 
culture and preferable hydridoma 
production and screening, is essential. 


Salary scale £7,833 — £10,153 
inclusive of London allowance 


Please send self addressed envelope 
for further details to Mrs D J Odds, 
Personnel Officer. (6785)A 


BLAND-SUTTON 
INSTITUTE OF 
PATHOLOGY 


THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL, London WIP 7PN 


RESEARCH ASSISTANT 


required to raise monoclonal 
antibodies with a group investigating 
the expression of antigens in breast 
cancer. For | to 2 years, (starting 
salary up to £7,833 per annum), to 
start as soon as possible Experience 
in monoclonal antibody production/ 
tissue culture would be advantageous. 


Applications in the form of cv plus 
names and addresses of 2 referees to 
Dr A Leathem at the above address. 

(6828)A 


Please mention 


nature 


when replying to 
these advertisements 
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ASSISTANTSHIPS 


UNIVERSITY OF 
CAMBRIDGE 


UNIVERSITY CHEMICAL 
LABORATORY 


POSTDOCTORAL 
ASSISTANTSHIP 


Applications are invited from 
nolecular biologists for work on the 
cloning and expression of the genes 
“or the key enzymes on the 
+iosynthetic pathways to haem, 
vitamin В and related macrocycles. 
This will be in collaboration with Dr 
C Abell and Professor A R Battersby. 


The appointment from a mutually 
agreed date in 1985 is for up to 2 years 
at a starting salary within the Scale 
£7520 (foi 24 years of age) to £8920 
(for 27 years of age) with an increment 
iter one year. Applications with 
curriculum vitae and 2 referees’ names 
should be sent as soon as possible to: 

Werofessor А R Battersby, University 

Chemical Laboratory, Lensfield 

"Road, Cambridge, CB2 IEW 
(6812)P 


“UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MICROBIOLOGY 


MICROBIAL ECOLOGY 
Applications are invited for an 
NERC POSTDOCTORAL 
RESEARCH | 
ASSISTANTSHIP | 


tenable for three years from 1 
October 1985. The project is to study 
the recycling of chitin in estuaries 
with Professor G W Gooday and Dr J 
I Prosser. 


Salary within range £7,520 - 
£12,150 on the 1А scale for research 
and analogous staff (under review). 


Further particulars and appli- 
cation forms from The Secretary, 
The University, Aberdeen, with 
whom applications (2 copies) should 
be lodged by Ist July 1986. | 

(6767)Р 


DURHAM UNIVERSITY 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a 


POSTDOCTORAL SENIOR 
RESEARCH 
ASSISTANTSHIP 


tenable for up to 3 years, to work with 
Dr D Parker on the synthesis of new 
anti-cancer drugs. Applicants should 
either have a strong background in 
synthetic organic chemistry (par- 
ticularly bio-organic chemistry) The 
project is in collaboration with 
Celltech Ltd, and the starting salary 
will be £7520 or £7980 per annum on 
Range ІА plus superannuation (under 
review). 


Applications (3 copies) naming 3 
referees should be sent by 1 July 1985 
to the Registrar, Science Laboratories, 
South Road, Durham, DH1 3LE 

(6790)P 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF 
AGRICULTURAL BIOLOGY 


MAFF RESEARCH 
STUDENTSHIP 
**'[nvestigation of earliness and 
frost resistance in winter rye" 


The aims of the project are to 
investigate the physiological basis of 
the earliness and frost resistance of 
winter rye, to assess intercultivar 
variation in these properties and to 
evaluate both tetraploid and diploid 
winter rye cultivars in comparison 
with perennial ryegrass and triticale 
as sources of early forage in both low- 
land and upland pastures, 


While all the aims will be included 
in the programme of research, the em- 
phasis of physiological, agronomic or 
genetic aspects will depend on the 
interests of the graduate appointed. 


Applicants should have, or expect 
to obtain this summer, a first or upper 
second class honours degree, or equi- 
valent, in Agricultural Botany, 
Botany or a related subject. 


Applications in the form of a 
curriculum vitae should include the 
names and addresses of two academic 
referees and should be sent to Dr W 
S Stewart, Department of Agnicul- 
tural Biology, The University, New- 
castle upon Tyne, NEI 7RU, from 
whom further details can be obtained. 
Closing date 5 July 1985 (6821)F 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


DEPARTMENT OF BIOCHEMISTRY 
AND CHEMISTRY 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited for an SERC 
Research Studentship, commencing 
October 1985, leading to the degree 
of PhD The successful candidate will 
join an active research group investi- 
gating the molecular basis of glucose 
transport and its regulation in the 
membranes of mammalian cells. 


Applicants should have, or expect 
to obtain, a first or upper second class 
honours degree in Biochemistry or a 
related discipline, and should have 
strong interest in cell and/or 
molecular biology. Applications, 
containing a CV and the names, 
addresses and telephone numbers of 
two professional referees, should be 
sent as soon as possible to Dr S A 
Baldwin, Department of Bio- 
chemistry and Chemistry, Royal Free 
Hospital School of Medicine, 
Rowland Hill Street, London NW3 
2PF, from whom further details may 
beobtained. (6776)F 


STUDENTSHIPS 


UNIVERSITY СЕ 
LEICESTER/CRANFIELD 
INSTITUTE OF 
TECHNOLOGY 


POSTGRADUATE 
STUDENTSHIP IN 
MOLECULAR GENETICS 


Applications are invited. for a 
postgraduate studentship in the 
Department of Genetics, University of 
Leicester, for three years commenc- 
ing October Ist 1985, leading to 
the degree of PhD The project 
will involve the application of 
recombinant DNA techniques to the 
study of secretion of a bacterial toxin 
by E coli. The project involves 
collaboration between the Institute of 
Biotechnology at Cranfield, the 
Department of Genetics, Leicester 
and ІСІ, Agricultural Division, 
Billingham. The work will be carried 
out at Leicester as part of a small team 
investigating the molecular biology of 
haemolysin secretion. Applicants who 
hold or expect to obtain at least a 21 
degree in a relevant Biological Science 
should apply to: Professor | B 
Holland, Department of Genetics, 
University of Leicester, University 
Road, Leicester LE! 7RH enclosing 
a brief curriculum vitae and the names 
and addresses of two Referees 

Closing date for applications July Ist 
1985. (6817)F 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


DEPARTMENT OF NEUROLOGICAL 
SCIENCE 


SERC-CASE PhD 
STUDENTSHIP 
(Jointly with Eli Lilly 
Research Ltd) 


Immunology/cell biology graduate 
required to study the functions of 
germinal centre cells in mice and 
man, in an MRC-funded group of 
clinical and basic scientists working 
on the immunology of myasthenia 
gravis. The ‘industrial’ cemponent 
will be at Lilly Research, Windle- 
sham, and will probably require 
about six months. 


For further information please 
contact Dr N Willcox, Department of 
Neurological Science, Royal Free 
Hospital, School of Medicine, 
Rowland Hill Street, London, NW3 
2PF (01-794 0500 Extn 4386) to 
whom applications giving the names 
of three referees should be sent by 28 
June 1985. (6799)F 





UNIVERSITY OF 
EDINBURGH MEDICAL 
SCHOOL 
DEPARTMENT OF SURGERY 


RESEARCH STUDENTSHIP 
IN ENDOCRINOLOGY AND 
METABOLISM 
Applicants are invited for a post- 
graduate studentship tenable for 3 
years starting in October 1985 and 
leading to a PhD Degree The 
research topic includes an 


investigation on the mechanism of 
action of prolactin and other growth 
hormones in the human prostate. 


Applicants should have or expect 
to have at least, Upper Second Class 
Honours in Biochemistry, Pharma- 
cology or other biological sciences. 
Applications, which should include a 
curriculum vitae and the names of 
two referees, should be sent to Dr FK 
Habib, Department of Surgery, 
University of Edinburgh Medical 
School, Teviot Place, Edinburgh 
EH8 9AG. (6816)F 


Classified 15 


UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF PHYSICS 


RESEARCH STUDENTSHIP 
IN SOLAR PHYSICS 


A studentship is available for a 
suitably qualified and motivated 
student to undertake reearch with the 
solar physics groups to study solar 
oscillations leading to a PhD degree. 
The work involves the development of 
new resonant scattering spectro- 
metres, the collection of data at 
remote sites (Austraha, Hawai and 
Tenerife) and the subsequent analysis 
and interpretation of the data. 


For application form please contact 
Mrs Muriel Mason, Department of 
Physics, University of Birmingham, 
PO Box 363, Birmingham B15 2TT. 
(021 472 1301 ext 3265) (6825)F 


UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIPS 


Applications are invited from 
suitably qualified graduates or those 
expected to graduate shortly for 
Research Studentships tenable in the 
Department of Biochemistry for the 
Session 1985-86. Studentships are the 
same value as those awarded by the 
various Research Councils or the 
DES plus tuition fees The following 
research fields may be available to 
suitable candidates: (1) Membrane 
bound enzymes. (2) Glycosamino- 
glycans of blood vessel surfaces. 
(3) Alginate modifying enzymes. 
(4) Hepatic anti-tumour agents. 


Further particulars can be 
obtained from Professor K S 
Dodgson, Department of Bio- 
chemistry, University College, PO 
Box 78, Cardiff CF1 IXL. Ref: 
2961. (6773)F 


FROST EXHIBITION 


RESEARCH STUDENTSHIP 
in Freshwater Biology 


The Freshwater Biological Associ- 
ation is offering one three-year post- 
graduate Studentship to start in 
summer 1985 at one of its Labor- 
atories. Research projects in several 
fields of freshwater biology are avail- 
able for interested students. Alter- 
natively students may propose their 
own research project in any field of 
freshwater biology. À good honours 
degree in science or its equivalent 
1s essential for registration at 
Lancaster, Reading or another 
appropriate university. The student- 
ship will be awarded in open com- 
petition to the person showing: most 
promise of making a successful 
career in creative research in fresh- 
water biology. Basic maintenance 
grant of 10% above the normal 
Research Council grant and allow- 
ances pa plus fees etc. 


Full details from The Assistant 
Director, Freshwater Biological 
Association, The Ferry House, 
Ambleside, Cumbria LA22 OLP (Tel 
096-62 2468). Closing date 26th June 
1985. Selected candidates will be 
interviewed on 12th July 1985. 

(6796)F 


Continued on pages 18, 20 


Classified. 16 
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UNIVERSITY OF ST 
ANDREWS 


Special Training Fellowships mc ш 


in Recombinant DNA Technology 


POST DOCTORAL 


FELLOWSHIP 
Applications are invited for a 
Research Fellowship funded by the 


Applications are invited for fellowships for any period from 6 months to Medical Research Council to study 


recognition signals in adenovirus 


three years commencing onor after 1 May 1986 from scientists requiring replication. The applicant should 
training in recombinant DNA techniques. Applicants may be young prefereably have some experience in 


postdoctoral scientists (or those just completing PhD’s) or more mature 


either cloning or hybridoma 
technology and will become part of 


scientists with established reputations in other areas wishing to enter this the Molecular Virology Group in the 


Department. The project will be under 


field. Permanent academic staff with unpaid leave of absence may apply. the supervision of Professor W C 


Applicants will be expected to propose their own training programme 


Russell from whom further infor- 
mation may be obtained (Telephone 


prepared in collaboration with the proposed supervisor. 0334 76161 ext 295). 
These fellowships are tenable in any UK institution offering training The appointment will be for 3 


appropriate to the applicant's needs. UK residents temporarily working 


abroad may apply. 


years, starting as soon as practicable. 
Starting salary at appropriate point 
within range £7,520 to £10,330 per 
annum on the 1A Research scale, plus 


Application forms, and further details may superannuation 
be obtained from Training Awards Group, _ Applications (two copies preferably 
WA R Medical Research Council, 20 Park Crescent, in typescript) with the names of two 


referees should be sent to the 


London WIN 4AL. (Tel: 01-636 5422 Ext 448) | Establishments Officer, The 


Medical ResearchCouncil Closing date: 15 October 1985 





University, College Gate, St Andrews, 
66)E Fife, KY16 9AJ to arrive not later 
(67 than 2nd July 1985. (6813)E 





| Wellington Medical Research Foundation Inc. 
MALAGHAN RESEARCH FELLOWSHIP 


The Wellington Medical Research Foundation Inc. invites applications 
for the position of Malaghan Research Fellow to be held at the 
Wellington Cancer and Medical Research Institute, Wellington Clinical 
School of Medicine, Wellington, New Zealand. The applicant should be 
a research worker with evidence of capacity to undertake original 
research. The applicant must possess a higher qualification and the 
field of research will be in the general field of cancer with preference for 
haematological malignancies. The annual salary will depend on 
qualifications and experience but will be on the University Lectureship 
scale and within the range of NZ$23,622 - NZ$27,928. A particularly well 
qualified person could be appointed at a higher level on the salary scale. 
Adjustments will be made to cover increases in cost of living in line with 
the wage adjustment of University staff. The appointment ts for four 
years. Assistance towards transport expenses is available. Conditions 
of appointment, method of application and other information 
may be obtained from the Director of the Wellington Cancer and 
Medical Research Institute, Wellington Clinical School, üi 
Wellington Hospital, Wellington 2, New Zealand, or from the 5 
office of the High Commission, New Zealand House, London. $ 
| Applications close with the Secretary of the Wellington Cancer > 
і and Medical Research Institute оп 31st August, 1985. = 






























EMBO 
European Molecular Biology Organization 


LONG TERM FELLOWSHIPS IN 


MOLECULAR BIOLOGY 
Autumn 1985 — Awards 


Next deadline: 15 August 1985 

EMBO long term post-doctoral fellowships are awarded to promote 
the development of molecular biology and allied research in Europe 
and Israel. To be eligible a candidate must hold a doctorate degree 
and the exchange must involve a laboratory in Western Europe or 
Israel. EMBO fellowships are not, however, awarded for exchanges 
between laboratories within any one country Long term fellowships 
are awarded initially for one year, but depending on a review of 
progress, they may be renewed for a second year. In cases of 
exceptional scientific merit renewal for a third year is possible. The 
fellowship comprises a return travel allowance for the fellow and any 
dependents and a stipend and dependents’ allowance. 


Since the selection procedure may include an interview, candidates 
are requested to respect the deadline for complete applications which 
is 15 August 1985. Successful candidates will be notified of their 
awards immediately after the meeting of the selection committee, 
which is on 21 October 1985. 


Application forms and further details may be obtained from 

Dr. J. Tooze, Executive Secretary, European Molecular Biology 

Organization, Postfach 1022.40, 69 Heidelberg 1, F. R. Germany. 
(W1893)E 





UNIVERSITY OF SURREY food science, biochemistry and 
DEPARTMENT OF CHEMISTRY microbiology. Applicants should 


POSTDOCTORAL have had research experience in infra- 


red spectroscopy. The appointment is 
RESEARCH FELLOWSHIP available from Sept/Oct 1985 for one 


Fourier-Transform Infra-red year at a salary of £7,520 per annum. 


Spectroscopy Superannuation is under USS 
ET nuin conditions. 
Applications are invited for a Post- 
doctoral Research Fellowship to Applications in the form of a 


develop applications of Fourier- curriculum vitae (3 copies) including 
Transform Infra-red Spectroscopyin the names and addresses of two 
conjunction with Dr G J Buist. The referees should be sent to the Per- 
Department has recently purchased sonnel Office (Л.О), University of 
a Perkin-Elmer model 1750 FTIR Surrey, Guildford, Surrey, GU2 
spectrometer, and wishes to develop SXH by 12 July 1985 quoting 
applications to polymer chemistry, reference 397/N. (6794)E 


COLUMBIA UNIVERSITY 
Department of Biochemistry 


and Molecular Biophysics 

A postdoctoral research fellowship is available immediately for studies 
on the structure of a Na/K-ATPase The applicant should have a back- 
ground in either synthetic organic chemistry or the biochemistry of 
integral membrane proteins. The work will involve both the preparation 
of heavy atom labeled ligands, and the reassembly and reconstitution of 
the ATPase subunits Applications, including a curriculum vitae and the 
names of two referees should be sent to. 

Dr. 1.5. Edelman 

Department of Biochemistry & Molecular Biophysics 

Columbia University 

630 West 168 Street 

New York, NY 10032 

COLUMBIA UNIVERSITY IS AN EQUAL OPPORTUNITY/ 


AFFIRMATIVE ACTION EMPLOYER (NW1862)E 


The John Hopkins University 
Department of Anesthesiology and Critical Care Medicine 


POST DOCTORAL 
FELLOWSHIP IN RESEARCH 


Applications are invited for this position available immediately to study 
the molecular biology of human cytochrome P450. The applicant must 
be creative and highly motivated to carry out independent experimenta- 
tion utilizing human cytochrome P450 under study. 

M D. or Ph.D. required with 1-2 years experience in molecular biology. 
Contact: Roy C. Levitt, M.D., The John Hopkins University, 
Department of Anesthesiology and Critical Care Medicine, 


Blalock 1410, Baltimore, Maryland 21205. Telephone (301) 
955-7609. INW1822)E 
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SANDOZ RESEARCH 
INSTITUTE 


Vienna, Austria 


is one of the three research centres SWISS based 
pharmaceutical company SANDOZ 


A post doctoral fellowship in a research group working 
. on the CLONING OF LYMPHOKINE GENES is available 
for a 


CELL/MOLECULAR 
BIOLOGIST 





with interest in the expression and function of 
lymphokines. Previous experience in molecular biology, 
immunology and/or gene cloning techniques in bacteria 
or yeasts will be of advantage. 


The successful candidate will find excellent working 
conditions in well! equipped laboratories. The 
appointment will be fór an initial 2-year period. Moving 
expenses will be paid: 


Please send cv, description of scientific experience and 
names of two referees to 
SANDOZ Forschungsistitut 
Personnel Department 
Brunner Strasse 59 
SANDOZ  A- -1235 Wien, Austria (W1951)E 
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THE OPEN UNIVERSITY 
Faculty of Science ' 
BIOLOGY DEPARTMENT, 


POSTDOCTORAL . 
FELLOWSHIP IN ` 
MOLECULAR GENETICS 


Applications are invited fot an 
immediately available MRC funded 
postdoctoral fellowship to work on 
the molecular genetics of human 
lactase using recombinant DNA 
techniques. This is a collaborative 
project between the Open University 
and the MRC Human Biochemical 
Genetics Unit, University College, 


control of lactase expression and the 


evolution of lactase persistence. The | 


appointment will be for 3 years on the 
1A Scale for Research and Analogous 
Staff (£7520 — £12150 pa under 
review). Maximum initial salary will 
be £8920. 


Application forms and further 
particulars are available from Dr J W 
R Smith (4817/1), Administrative 
Assistant (Science), Faculty of 
Science, The Open University, Walton 
Hall, Milton Keynes, MK7 6AA or 
telephone Milton Keynes (0908) 
653993: there is a 24 hour answering 
service on Milton Keynes 653868. 


Closing date for appllications: Sth 


American Teknos, Inc. 


American Texnos, an international technology 
development and transfer company !s seeking 
health-care technologies in the early develop- 
ment or invention stage. 

If you are an individual company or research 
institution with technology in a transferable 
state, ге. patentable, we can provide funds or 
find suitable industrial partner to develop your 
invention. We specialize tn bringing advanced 
technology to market 


American Teknos can provide. 
—funding for development or start-up capital 
—personnel and facilities 
—market research & assessment 
—business plans 
—consultation in appraising the commercial 
potential of technology 
—representation or distribution in the 
United States 
If you think we can serve your needs, or you 
have a qualified technology, patent or product, 
please send non-confidential details to 7 


Mr. Joseph Fanelli, Chairman 
American Teknos, Inc. 
14710 Greenleaf St, Sherman Oaks, CA 91403 


© 
B 
z 
Z 


Don't miss the 


(NEW TECHNOLOGY 
ee |! O 
BIOTECHNOLOGY 


INTERNATIONAL 
EXHIBITON 


of new products and equipment 
June 25th and 26th: 10.30 am - 6 pm 
June 27th: 10.30 am - 4.30 pm 
at the Novotel, Hammersmith, London. 


ADMISSION FREE 
Tickets available from (01) 836 6633 or at the door 


London. The aim is to understand the July 1985. (6808)E 


| 


POST-DOCTORAL FELLOWSHIP POSITION 


Applications are invited; from chemists, pharmacologists and 
biochemists to work on the application of mass spectrometry to 
nutrition based research. Applicants should have experience in modern 
methods of analysis together with an interest in mass spectrometry. 
The position will involve collaboration with a multi- -disciplinary group of 
scientists workingi in the Clinical Nutrition Research Unit. itis envisaged 

that two major areas of research will be involved. First, determination of 
glucose production rates in children with glycogen storage disease and 
second the analysis of urinary prostaglandin metabolites. Salary for this 
position will be commensurate with training and experience. 


The mass spectrometry laboratory is equipped with 3 magnetic sector 
instruments and 5 quadrupoles. Capabilities of the laboratory include 
FAB/MS, Thermospray LC/MS, Accurate mass determinations and 
capillary column GC NICI/MS. Applications including full personal 
details togehter with the names and addresses of at least two 
referees should be sent to lan A. Blair, Ph.D., Department of 
Pharmacology, Vanderbilt University, Nashville, TN 37222 not 
later than June 21, 1985. - (NW1855)E 


WORLD CONGRESS: places still available! 
Phone (01) 836 6633 for details.. 


nature вс 


Presented by 
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SEMINARS and SYMPOSIA 


NOVO RESEARCH 
SEMINAR 


“The Biogenesis of 
Regulatory Peptides” 


2ànd-23rd AUGUST 1985 
Novo Industri A/S, Bagsvaerd, 
Copenhagen, Denmark 


Organising committee:].F Rehfeld, 
TW. Schwartz, L. Olsson, ОУ. Lassen. 


There will be five sessions: 


I. Post-Transcriptional Processing: 
chairman Niels Ful, Novos Genetic Laboratory 
Lecturers: 

S. Nakanishi, Kyoto University 
ЈЕ Habener, Massachusetts General Hospital, Boston 
D. Richter, Hamburg University 


II. Intra-Cellular Targeting of Precursors: 
charman Ove Noren, University of Copenhagen 
: Lecturers: 
D.I. Meyer, EMBL, Heidelberg 
R.B. Kelly, University of Califorma, S.F 


III. Proteolytic Processing: 
charman Howard S. Tager, The University of Chicago 
Lecturers: 
J. Thorner, University of California, Berkeley 
TW. Schwartz, MRC, University Hospital, Copenhagen 
K. Docherty, University of Birmingham 
G. Kreil, Austnan Academy of Science, Salzburg 


IV. Amino Acid Derivatization: 
chairman G. Krei, ibid. 
Lecturers: 
D.G. Smyth, MRC, London 
В.А. Eipper The Johns Hopkins University, Baltumore 
C.C. Glembotski, University of Pennsylvania 
G.S. Baldwin, Royal Melbourne Hospital 
WB. Huttner, Max-Planck Institute, Munchen 


V. Specific Peptide Systems: 
chairman Jens Vuust, Arhus University 
Lecturers: 

H.S. Tager the University of Chicago 
T. Yamada, the University of Michigan 
ЈЕ Rehfeld, University Hospital, Copenhagen 


Participation in the seminar itself is free. 
Travel and accommodation expenses will have to 
be met by participants. 

Closing date for registration 15 lst August 1985. 
For details and registration, please contact: 
Mrs. Karen Rimmer, Novo Industri A/S, 
Novo Alle, DK-2880 Bagsvaerd, Denmark 
Tel: (02) 982333, extension 3531. 


- 
ДА 


NOVO 
(W1928)M 


GRANTS and SCHOLARSHIPS 





| 


Research Award 


in 
Immunoregulation 





Centocor, Inc., will award a 
$10,000 unrestricted research 
grant for the most outstanding 
human Interferon-Gamma scien- 
tific paper published (or accept- 
ed for publication) between 
1/1/85 and 6/30/86. 


For details, write to Centocor 
customer service. 


*  CENTOCOR . 
244 Great Valley Parkway 


Malvern, PA 19355 
* Fax (215) 644-7558 
Telex 834823 
(NW1728)H 





STUDENTSHIPS 


THE SCHOOL OF 
PHARMACY 
University of London 


DEPARTMENT OF 
PHARMACOLOGY 


MRC RESEARCH 
STUDENTSHIP 


Applications are invited. from 
graduates holding, or expecting to 
Obtain, an upper second or first-class 
degree in Pharmacology or a related 
subject, for a three year MRC 
studentship. The successful 
candidate will study the pharma- 
cology of excitatory and inhibitory 
synaptic transmission in identified 
spinal neurones evoked by stimu- 
lation of specific brain stem areas. 
This project will utilise, in particular, 
the microiontophoritic technique. 


Letters of application, together 
with a full CV and the names, 
addresses and telephone numbers of 
2 referees, should be sent to: Dr J 
Davies, Department of Pharma- 
cology, The School of Pharmacy, 
29/39 Brunswick Square, London 
WCIN ТАХ, to arrive by 1 July 
1985. (6804)F 


Continued on page 20 


UNIVERSITY OF WALES 
COLLEGE OF MEDICINE 
DEPARTMENT OF CHILD HEALTH 


(re-advertisement) 
Applications are invited for a post- 
graduate scholarship to investigate 
androgen action and metabolism in 
disorders of sexual differentiation in 
humans, using tissue culture and cell 
fractionation techniques. 


Applicants should have, or expect 
to gain, a first or upper second class 
honours degree in Biochemistry or a 
related science discipline. 


The scholarship will commence in 
September 1985 and is tenable for a 
3 year period (subject to a pro- 
bationary year) The results are 
expected to be submitted for a PhD 
degree. 


Further particulars and appli- 
cation forms (quoting ref No 
C10/61) may be obtained from the 
Registrar and Secretary, University 
of Wales College of Meducine, Heath 
Park, Cardiff, CF4 4XN (Tel No 
0222/755944 Ext 2296) as soon as 
possible. Closing date for appli- 
cation: 12th July, 1985. 

(6830)H 


CONFERENCES and 


COURSES 


INSTITUTES OF 
PSYCHIATRY, NEUROLOGY 
AND OPTHALMOLOGY 
(British Postgraduate Medical 
Federation, University of 
London) 


MSc in NEUROCHEMISTRY 


This is a one-year Course leading to 
the degree of MSc in Neuro- 
chemistry. It offers graduates in 
science and medicine training ın basic 
and applied neurochemistry. The 
Course consists of lectures, seminars 
and laboratory work and, in the 
second and third terms, research on a 
neurochemical topic. 


Applicants should have a First or 
Second Class Honours degree in Bio- 
chemistry or a cognate subject, or be 
medically qualified. 


Applicants for the Academic Year 
October 1985 - July 1986 should be 
addressed to the Secretary, Course in 
Neurochemistry, Department of Bio- 
chemistry, Institute of Psychiatry, 
De Crespigny Park, Denmark Hill, 
London SES 8AF, England. 

(6805)C 





EUCHEM Conference on Stereochemistry 


The 22nd EUCHEM Conference on Stereochemistry, covering a wide 
range of topics in chemistry with emphasis on its inderdisciplinary 
character tn natural sciences, will be held on the Burgenstock near 
Lucerne, Switzerland, from April 27 - May 3, 1986. The number of 
participants will be limited. Inquiries and applications (no special forms 
are required) should be addressed before January 10, 1986, to the 


President: 
Prof. E. Winterfeldt 
Institut fur Organische Chemie 
Universitát Hannover 
Schneiderberg 1 B 
3000 Hannover 1 
Germany 
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The New York Acadar of Sciences 
Conference on - 


Metabolic Regulation: 
APPLICATION OF 
RECOMBINANT DNA 
TECHNIQUES 


6 November to 8 November 1985 


The Barbizon-Plaza Hotel 
New York City 


This symposium is intended to facilitate exchanges of ideas and 
information between scientists who study (1) regulation of the 
expression of genes of metabolicinterest, (2) regulation of the catalytic 
activity of enzymes, and (3) development and use of the techniques of 
gene transfer, site-specific mutation and expression of cloned genes in 
heterologous cells.  ' 

Invited speakers include: P.P. Cohen, P. Felig, R. Fletterick, R.E.K. 
Fournier, S. Gluecksohn- Waelsch, J.L. Goldstein, A.G. Goodridge, M. 
Gottesman, D.K. Granner, IR. W. Hanson, R.A. Jungmann, R.J. 
MacDonald, R.C. Mulligan, S.J. Pilkis, G.M. Ringold, J.M. Rosen, M. 
Rosenberg, C.S. Rubin, G. Schutz, S.S. Taylor, H.C. Towle, I.M. 
Verma, S.J. Wakil. АЕ - 

There will be two contributed poster sessions. The deadline for 
submission of abstracts is 15 July 1985. The abstracts should include 
the name of the author(s), institution, and a 200-word summary of the 
work to be presented. Send abstracts to: Dr. Alan G. Goodridge, 
Department of Pharmacology, Case Western Reserve University, 
Cleveland, Ohio 22106. 
Conference Co-chairmen: Alan G. Goodridge, Ph.D. and Richard W 
Hanson, Ph.D., Case Western Reserve University. 

Inquiries should be addressed to: Conference Department, The 
New York Academy of Sciences, 2 East 63rd Street, New York, 
NY 10021. (NW1864)C 








| 



























XIV INTERNATIONAL CONGRESS OF 
MICROBIOLOGY 


7th-13th September 1986, Manchester, England. 


ADVANCED COURSE IN FLOW CYTOMETRY: 
ANALYSIS AND FLUORESCENCE ACTIVATED 
CELL SORTING 
Paris, September 9-14, 1985 


Sponsored. by: The Cancer Research Association (ARC) - Jacques 


Crozemarie, President, and the ‘‘Centre Technique pour le soutien de 
la Recherche sur le Cancer des Laboratoires et Formations du Centre 
National pour la Recherche Scientifique” (C.N.R.S.) 

A Course in Flow Cytometry will be offered with special emphasis on 
cell biology. Themes will include Multiparameter cell ‘sorting, cell 
lineage studies, tumor cells characterization, gene amplification selec- 
tion, cloning of genes by transfection, somatic cell genetics, hybridoma 
variant selection, liposame endocytosis, cell cycle analysis, Brd U and 


' cytokinetic studies, mathematical modeling of the cell cycle, computer 


system for multiparameter data analysis, cytochemistry and new 
fluorochromes, karyotype analysis, pumped dye lasers, emission 
anisotropy. 


. The Course will consist of lectures, laboratory demonstrations and pro- 


blem solving sessions. 
Course Directors: Harry Crissman (Los Alamos National 
Laboratories), Claude Rosenfeld (INSERM, Villejuif, France) 
Organizers: L.A Herzenberg (Standford University, USA), 
P. Le Bouteiller (Centre d'immunologie de Marseille-Luminy, France), 
M. Monsigny (Centre de brophysique moléculaire, Orleans, France), 
J.L. Roti-Roti (Washington University of St. Louis, USA) 
Lecturers will include the above, plus: B. Bagwell, S. Cram, 
Z. Darzienkiewicz, P. Dean, M. Goldberg, J. Gray, P. Horan, C. Julien, 
M. Loken, H.S. Micklem, K. Muirhead, D.R. Parks, A. Truneh. 
Course tuition: $500 (5 000 FF) includes laboratory fees, manual, 
coffee breaks, lunches and an optional Flow Cytometry Certificate. 
Send C.V. and tuition deposit $50 (500 FF) to the local Course Director 
(max. 50 persons). 

Dr. Claude Rosenfeld, 

INSERM Unite 253, 

Groupe Hospitalier Paul Brousse, 

16 bis avenue Paul Vaillant Couturier, 

94804 Villejuif, France 
Application deadline June 30 1985, priority given to early 
applicants. : (W1919)C 












To be held under the auspices of the International Union of Microbiological Societies. 


Sponsored by the Royal Society of London, the Society for General Microbiology, the Society for Applied Bacteriology, 
the Society of Chemical industry and the British Mycological Society. 


Y 
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| | FOR YOUR COPY OF THE CONGRESS BROCHURE 
| PHOTOCOPY THIS FORM AND SEND TO: 


1. More than 60 symposia encompassing the most topical 
aspects of bacteriology, virology and mycology with Mr A.F. Yates (XIV ICM) Trading Services, UMIST, P.O. 
е speakers of highest international standing in their Box 88, Sackville Street, MANCHESTER, M60 10D, 
ields : ' ENGLAND. 


2. An extensive supporting programme of round table Please send me the full brochure of the XIV international 
discussions, oral presentations, poster sessions, Congress of Microbiology. 
workshops and satellite meetings. ` МАМЕ | 

















3. A comprehensive and extensive Trade exhibition. 






4. A full social programme. 







INCLUSIVE REGISTRATION FEE ONLY £95.00 


| 
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STUDENTSHIPS continued 


London School of Hygiene and Tropical Medicine 
(University of London) 
Keppel Street, London, WC1E 7HT 


MRC RESEARCH 
STUDENTSHIP 


Applications are invited for a three year MRC 
studentship, tenable from 1 October 1985. The 
project will involve the use of biochemistry, 


histochemistry, and molecular biology in an 
investigation into oocyte formation in mosquitoes. 


Applicants should have, or expect to have, a 
first or upper second class honours degree in 
a relevant biological subject. Applications 
should be sent with a CV and the names of two 
academic referees, not later than 30 June 1985, 
to Professor A.N. Clements, Department of 
Entomology, from whom further details can be 


obtained. 


[dd 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF PATHOLOGY 


RESEARCH STUDENTSHIP 


Applications are invited for a 
Research Studentship in the 
Department of Pathology to study 
the carotid bodies in heart disease. 
The Studentship is financed by the 
Mersey Regional Health Authority 
and is tenable, year by year, to a 
maximum of three years. Candidates 
should hold or expect to obtain a First 
or upper Second Class Honours 
degree in Zoology, Life Sciences or 
Cell Biology. The successful 
applicant will be expected to register 
for a PhD. 


Applications, together with the 
names of two referees, should be 
received as soon as possible by The 
Registrar, The University, PO Box 
147, Liverpool, L69 3BX. Quote Ref 
RV/105/N. (6769)F 


The University 
Of Oxford 
MRC CELLULAR 
IMMUNOLOGY UNIT 


A research studentship, leading 
toa D Phil degree will be available 
starting in October 1985. Basic 
research in immunoregulation 
especially with respect to the role 


of T cell subsets in autoimmune 
disease will form the topic of the 
thesis 

Applicants 5ѕ/ оша submit 
a CV and the name of 


two referees to: The 
Administrator, Sir William 
Dunn School of Pathology, 
South Parks Road, Oxford 
OX13RE. (6771]Е 
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UNIVERSITY OF 
LEICESTER 
Department of Genetics 
Applications are invited for a SERC 
research studentship in Genetics 
tenable for 3 years from October 
1985. The award is ‘earmarked’ by 
SERC for research in the genetic 
analysis of Drosophila behaviour. 
Applicants should have or expect to 
have a degree (1st class or 2/1) in a 
Biological subject and have an interest 
in molecular, genetic or evolutionary 

aspects of behaviour. 


The Department is well equipped 
for research in genetics and has 
excellent facilities for molecular 
biology. 


Enquiries and applications may 
be made to Dr C P Kyriacou, 
Department of Genetics, Adrian 
Building, University of Leicester, 
Leicester LE] 7RH. (681 DF 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGICAL 
SCIENCES 


BP PhD STUDENTSHIP IN 
GEOPHYSICS 
Applications are invited for a 3 year 
research studentship funded by BP to 
work on borehole-to-borehole seismic 
surveying techniques and applica- 
tions. The studentship will be 
associated with a SERC grant to Dr 
N R Goulty and Dr R K Taylor (Dept 
of Engineering) for instrument 
development апа fieldwork. 
Candidates should possess or expect 
to receive a good honours degree in 
Physics, Engineering or a related 
subject. Applications, together with 
the names of two academic referees 
should be sent as soon as possible to 
Dr N R Goulty, Department of 
Geological Sciences, South Road, 

Durham DHI1 3LE. (6820)F 


Trent Polytechnic 


DEPARTMENT OF LIFE 
SCIENCES 


SERC 
STUDENTSHIP 


Applications are invited for the 
above positions from 
candidates who hold or expect 
to obtain at least a 2(1) 
honours degree in an 
appropriate discipline 
Topic areas available for study 
are: 
Elimination of drugs through 
liver and kidney (Ref LS/1) 
Neurotransmitter 
pharmacology (Ref LS/2) 
Calcitonin on gastric function 
(Ref 1.5/3) 
Acid rain on amphibia (Ref 
LS/4) 
Locomotion in stick insects 
(Ref LS/5) 
Metal toxicity to fish (Ref 
LS/6) 
Please quote the reference 
number of projects which are 
of interest in any 
correspondence. 
Further details and forms of 
application are available 
from the Staff Officer, 
Trent Polytechnic, Burton 
Street, Nottingham NG1 
4BU. Closing date 5 July 1985. 
(6765)F 





THE UNIVERSITY OF 
SHEFFIELD 
AMORPHOUS AND CRYSTALLINE 


QUANTUM WELL 
SEMICONDUCTORS 


SERC PhD STUDENTSHIP 
IN THE DEPARTMENT OF 
PHYSICS 


Applications are invited from 
graduates with a class I or II/I. 
Honours degree in Physics, Materials 
Science or Electronic Engineering for 
an SERC Information Technology 
award, to study luminescence in 
extremely thin layer structures of 
amorphous silicon which show 
quantum size effects. Comparative 
studies on GaAs superlattices will be 
included. The successful candidate 
will join an established group in the 
field of amorphous semiconductors 
especially interested in the study of 
photo- and electro-luminescence, 
using lasers and related opto- 
electronic techniques. We are chiefly 
interested in recombination 
mechanisms and photo induced 
defects. This work 1s being extended 
to include quantum size effects in 
both amorphous silicon and 
crystalling HI-V semiconductors. The 
group collaborates actively with a 
number of workers in the device field. 
The project will involve a wide range 
of solid state techniques with 
emphasis on the physics of these 
materials. Tenable from 1 October 
1985. Applications with the names of 
two referees should be sent to 
Professor 1 С Austin, Department of 
Physics, the University, Sheffield S10 
2TN by 27 June 1985 Quote ref: 
R268/G (6807)F 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


MRC STUDENTSHIP 
October 1985 


Applications are invited for a studen 
ship, leading to the degree of PhI 
to study proliferation and mo: 
phogenesis in skin and skin apper 
dages with particular reference t 
the role of dermal papilla cells 1 
hair growth control mechanism: 
Applicants should possess or expe 
to obtain a First or Upper Secon 
Class Honours Degree in an aj 
propriate discipline and have an it 
terest in ce 
biology/biochemistry/development: 
biology. 


Applications, including a CV ar 
the names of two referees, and info 
mal enquiries should be directed to [ 
C Jahoda, Department of Biologic 
Sciences, The Umversity of Dunde 
Dundee ррі 4HN. (0382 23181, E: 
4264). (6783)F 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF MEDICINE 


RESEARCH STUDENTSHII 


Applications are invited fro 
candidates who have or expect to g 
a good honours degree in Bi 
chemistry, Pharmacology or 
related discipline for studentshi 
funded for 3 years, which should le: 
to a PhD. The field of study would ! 
concerned with blood platel 
behaviour and its relevance 

vascular disease. 


CV's should be sent to Dr 
Heptinstall at the Department 
Medicine, University Hospitz 
Queen's Medical Centre, Nottin 
ham, NG72UH. (6777)Е 


APPOINTMENTS WANTED 
advertise your qualities and quali, 
cations through the most influenti 
science weekly in the world at 
special reduced cost of $8 per lin 
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Dont letit 
happen to you. 


Are you a professional biologist? Do you agree that 
biology plays a vital role in science and society? Why aren’t you 
a member of the Institute of Biology? 
The Institute of Biology represents professional biologists 
in the UK; is the Chartered body for the advancement of 
biology and its applications; is a forum for biologists of 
all disciplines; offers the status of C Biol; and above all 
speaks for the profession using the knowledge and 
expertise of its 17,000 members. 
For further details of activities and services to 
members write to: 
Charlotte Grezo, FREEPOST, Institute of Biology, 
20 Queensberry Place, London SW7 2ZY 
(No stamp needed in UK) 
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Everything rolled into 1 





Pharmacia’s FRAC-100 fraction collector 


Do you need a simple inexpensive collector or the most advanced programmable 
fraction collector – get both with the FRAC-100. 


Do you need fast tube changes and 
microliter collection volumes or is it 
20 ml fractions from a 2 liter column? 
The FRAC-100 does both. 


Do you need data handling and | 
integration capabilities or do you want | 


modes and six fractionation 
parameters? The FRAC-100 does both. 





Your everything solution in fraction collection is from Pharmacia. 


e) Pharmacia 


Contact us today. тош 
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TRANSGENIC RABBITS, 
SHEEP AND PIGS 





Say goodbye 
e soft eels 


Trisacryl separates better and faster 


| THE INFLUENCE OF FLOW RATE AND The built-in magic of 





PARTICLE SIZE/SHAPE 


optimal lw rate matrix engineering gives 
you form, porosity, 
strength and hydrophilic 
behaviour. Just pure 
SEN chemistry. Hard. Inert. 
Synthetic. The ultimate support — Trisacryl- 
Whether for Affinity, Ion Exchange or Gel Fil- 
| ! Р tration, Trisacryl is engineered to give you better 
ерен Пагана | results— guaranteed! 
Lc Wess Get the facts in our new catalogue and give your 
self a whole new scenario of problem-free chro- 
matography. 


Trisacryl is developed and manufactured by 2 
Pointet-Girard (Rhóne Poulenc Group) 
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-THE ONCOGENE 
GROWTH FACTOR 
p-POGF 


(PORCINE PLATELET – DERIVED GROWTH FACTOR) 


THE CELL 
ATTACHMENT 
~ SPREADING , e 
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Fi FIBRONECTIN 
= (BOVINE) — 
PORCINE) 


І Binds to cell culture surfaces; 
2, Increases plating efficiency of fastidious cells. 
3; Increases cloning efficiency. . 
4, Competitively priced at £9 per mg. 
Free samples of Img available. 
For gram plus quantities price on application. 
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lonic responses rapidly elicited by p-PDGF in Swiss 3 ТЗ cells 
EMBO J 3З. 939 (1984) 


TPOGP entits cAMP accumulation m Swiss 373 calls 
Role of Prostaglandin Production. Cell 34. 265 (1983) 


Purification and properties of p-POGF 
TEMBO J in press 11984) 1 


Bioprocessing Ltd., has an.exclusive worldwide licence 
| granted by ICRF to manufacture and sell p-PDGF | 
For FREE sample and р-РОСЕ information leaflet please write or phone. 


THE ALTERNATIVE FACTOR 


D» 


1. Produced from a secreting strain of | 4. Binding | gG better than 23 mg/ml. | 
S; aureus by continuous fermentation. | -5.-dompititivel priesd— bmi £87.50. 


| е Single Jang T? Page. | We can also offer Unbound Protein A at; 
3. Bound to Sepharose CL 4B at 25 mg/ml. | a very attractive price; 
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Consett No. 1 Industrial Estate, 
e | | | | Medomsley Rd., Consett, Co. Durham, DH8 6TJ, United Kingdom. 
Tet: (0207) 590565/6/7/8/9, 500944. Telex: 53622 


"Sepharose i$ a registered trademark of Pharmatia A. B. 
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S&S REPORTS—Products and technology for genetic engineering 


Basic Tool of the a Art: 
Nitrocellulose 


Research in hybridization and recombi- 
nant DNA technology has already yielded 
practical results in diagnostics, pharmaceu- 
ticals, and in the chemical and food indus- 
tries. S&S products are now being used 
in key research techniques to develop new 
microbes that have advanced the applied 
field of fermentation biotechnology. For 
example, S&S BA85 nitrocellulose is widely 
used to screen bacterial lawns for specific 
DNA —containing colonies (shown left). 

Typically, S&S products have helped 
establish the applications of DNA/RNA 
hybridization technology. For example— 
screening for genetic diseases such as sic- 
kle cell anemia has become a faster, surer 
procedure. Or, an improved identification 
technique is now under development for 
detecting the toxins produced by disease- 
causing bacteria. 

S&S products helped develop the 
microbes used by pharmaceutical compa- 
nies to make interferon, insulin and 
human growth hormone. And, the use of 
genetically altered microbes in the produc- 
tion of alcohol for fuel is now being 
explored. 

To learn more about S&S products for 
genetics research, request Bulletin #301— 
"Products for Nucleic Acid and Protein 
Research.” 
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Innovators in Separation Science 


Schleicher & Schuell, Inc., 543 Washington Street, Keene, N.H. 03431. Phone: (603) 352-3810 
Schleicher & Schill GmbH, D-3354 Dassel Kr. Einbeck, West Germany * Schleicher & Schill AG, CH-8714 Feldbach ZH, Switzerland 
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When you order molecular 
biologicals from Pharmacia you'll 
find we're pretty hot on delivery. 

We'll dispatch your order 
as soon as we get it, packing it 
carefully in wet or dry ice. 

Now our enzymes are 
supplied in screw cap mini vials 
with new waterproof labels, and 
Will easily fit into your centrifuge 


"TAA, 


tubes and freezer trays. 

At Pharmacia Molecular 
Biology Division that's all part 
of the service. We realize that the 
success of an experiment 
depends on the quality of the 
products used and the speed at 
which you get them. With us you'll 
find that the only thing kept 
on ice is your product - not your 


UNITED STATES: Pharmacia Іпс., 800 Centennial Avenue, Piscataway, М) 08854 Tel: (201) 457-8000 
CANADA: Pharmacia (Canada) Inc., 2044 St Regis Blvd. Dorval, Quebec H9P IH6 Tel: (514) 684-8881 
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Contact us today and we'll 
send you our free catalog with 
details of over 800 molecular 
biologicals. 


Pharmacia... your partner in 
molecular biology. 


Pharmacia 


Molecular Biology Division 





The complete range for 
M13 cloning and 
dideoxy sequencing 


Amersham Corporation ion Heights IL 8008 Aimersham 


(312) 364-7100 or (800) 323.9750 (Toll Free) 
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f advanced molecular electronics is your field 
f interest, this is the Langmuir-Blodgett instru 
nent for you. KSV offers state of the art thin film 
echnology of tomorrow... today. The new 
<SV 2200 LB monolayer laboratory achieves 
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The requisite ultra-clean atmosphere is created 
by the rugged laminar flow enclosure 
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access to the KSV 2200 LB system fron ои 
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Vega Coder” 300: 


The world's most 
advanced computer- 
automated em for 
rapid, efficient, 

and reliable 
synthesis of DNA. 
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Better Performance 











The Vega Coder 300 chemistry protocol 
utilizes -cyanoethyl phosphoramidites, а 
new starting material. The B-cyanoethyl 
amidites offer several improvements over 
the older methoxy amidite compounds, in- 
cluding faster and more efficient coupling 
reactions that yield cleaner, easier to purify 
compounds, enhanced stability in solution, 
and a one-step cleavage/deprotection re- 
action that eliminates the need for highly 
toxic, offensive thiophenol. 

The superior capability of the D-cyanoethyl 
phosphoramidites for synthesizing and 
improving the synthetic yield of long DNA 
fragments is illustrated below. 


Oligomer T 
Sw 1525 |35 |48 63 |75 |82 | 90* | 
————————— 


DMT 1985/983/981 984:980!970!980 970 | 
Бри —71——31-——31——19—1—31——T— 
Gn" (|170|271|216 258/368 |315 |412. 462 


op |71/101|45|63|33|19| 5 | 14 





* Nor zed to 1 micromole 
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Vega Biotechnologies, Inc., P.O. Box 11648, Tucson, Arizona 85734 
(602) 746-1401, (800) 528-4882, Telex: 165572 (VEGA BIO TUC) 








Better Reliability 
SATE Ses. 


Vega has engineered the Coder 300 witha 
reliable, precise, fluid system, so accurate 
it can reproducibly deliver microliter 
quantities of reagent to the reaction 
column. Easy-to-use, menu-driven soft- 
ware facilitates fast start-up and operation 
of the system. The instrument also 
features random access of nucleotide re- 
servoirs and premix capability for mixed- 
base additions eliminating the need for 
additional nucleotide reservoirs, a fluidized 
bed agitation system for optimum reaction 
kinetics, an additional nucleotide reservoir 
port for base analog additions, automatic 
purging and charging of reagent lines, 
advanced “auto diagnostics" to monitor 
fluid delivery, a built-in printer, computer 
and CRT, auto-restart capability, a snap- 
on reagent manifold, an output pulse for 
fraction collector advance, optional multi- 
column configuration, and more. 


A Better System 
HIRST сэг 


The Coder 300 is a complete, integrated 
system of instrumentation, software, 


chemicals, and support services providinc 
unsurpassed performance in DNA 





synthesis. Our full line of conveniently pre- 
packaged high-purity reagents ensures 
results of only the highest quality. Tech- 
nical support includes free instrument 
training, a comprehensive owner's man- 
ual, a one-year warranty covering parts, 
labor and travel, a factory-trained field 
service force, and optional extended 
service contracts. 


For better DNA synthesis contact: 
Vega Biotechnologies at 800-528-4882. 








Work With ; 
Many Cell Types. | 
So Does | 
Орп-МЕМ` І. 


Introducing the First 
Multi-use cR d 
Serum Medium. ^ 


Only Opti-MEM™ I supports optimal growth with reduced 
fetal bovine serum for a wide variety of mammalian cells. Most 
cells routinely cultured in serum-supplemented medium may be | 
directly transferred into Opti MEM™ I with a minimum of 50% | 
reduction in serum. In addition to its versatility, many other | 
unique features make Opti- MEM™ I the optimal choice for most 
cell culture needs. 

High performance. Opti-MEM™ I actually outperforms 
ordinary serum-supplemented media in many applications. MIB CO 

Stringent testing. Opti-MEM™ I is performance-tested for RATORIES , 
cloning efficiency and growth promotion using various ye т 
mammalian cell types, including murine myelomas, hybridomas 5» лана І 
and adherent cultures. In addition, Opti MEM™ I is tested for гос 
pH, osmolality, endotoxin level and bacterial/fungal sterility. te n #320 1985 Store at 28°C 

Stability. Opti- MEM™ I has a shelf life of six months from e 
date of manufacture. 

Ease of preparation. Opti-MEM™ I is ready for use in 
only three steps: add 2-mercaptoethanol (included); mix 
thoroughly; and add fetal bovine serum. 

Economy. Opti-MEM"" I not only decreases the amount of 
costly serum needed, it also is less expensive than most other 
reduced serum media. 

For more information about Opti- MEM™ I, including perfor- 
mance data for a variety of cells, ask for our free technical 
brochure. 


GIBCO Opti-MEM" I, the reduced serum 
medium that works the way you do. 


Opti-MEMTM | was developed by Hybridoma Sciences, Inc., ditta Соне, 
For in vitro diagnostic use. 
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New Express-Blot System 


eM tom 


Express Blot 
tor fast, Баска 


sequence 


io-Rad's Express-Blot kit is 

the first non-isotopic system 
specifically designed to detect 
expressed products of rare 
sequences, even with crude 
primary antisera. The kit includes 
the adsorbent required to remove 
anti-E. coli antibodies, which 
are present in most animal sera, 
and which can generate false 
positive signals. 


O ur goat anti-rabbit horse- 
radish peroxidase con- 
jugated second antibody is affinity 
purified and free of crossreacting 
antibodies. So you detect only 
the clone of interest, not false 
positives (see figures). 


Plaque lift assays using the Bio-Rad 
Express Blot assay kit Disk A shows the 
result of the Express-Blot assay in which 
detection of rare sequences has been 
optimized by treatment of the primary anti 
body with £. coli lysate to neutralize 
cross-reactive antibodies. Disk B shows 
the result of the same experiment 
performed with untreated primary anti 
body Both disks were prepared identically 
and contain approximately 10* plaques 
of which 196 have the gene for human 
albumin inserted. A commercial source of 
rabbit antiserum to human albumin was 
used to probe for expressed protein. The 
phage vector (Agt 11), host strain (Е coli 
Y 1090), and human albumin clone were 
provided by Dr John S. O'Bnen, Department 
of Neurosciences, University of California, 
San Diego, School of Medicine, La Jolla, 
California 
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he Express-Blot kit is a com- 

prehensive, balanced pack- 
age containing the high-quality 
components and protocol 
required for the complete plaque 
lift detection procedure. It is 
qualified specifically for А9111 
plaque lifts and colony lifts. 
For more information request 
bulletin 1193. 














2200 Wright Avenue 
Richmond, CA 94804 
(415) 234-4130 

(800) 4-BIORAD 








Also in Rockville Centre, N.Y, Australia, 
Austria, Canada, Germany Italy Japan, 
The Netherlands, Switzerland and the 
United Kingdom 


m \ 


, B-2340 BEERSE, BELGIUN 40 Kings load, PISCATAWAY, NJ 08854, U.S.A. 
Tel.: 014/60.31.3: lex: 32.54( 4-0137 Telex: 6853051 
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BL grade Immunocold 


ImmunoGold (Silver) Staining ( ADD i | | = ы itis simple. ImmunoGold probes stain 
ffers more than just опе advantage EWE kmi W iksi af Ч km the antigen sites red without any further 
over the traditional techniques development being required. 


It is safe. Since it is a non-isotopic and It is sensitive. Our optional Silver 
natic technique, there are no problems Enhancement reagent turns the red signal 


with radiation, short shelf-life or into an intense black one, revealing 
carcinogenic substrates sub-nanogram amounts of antigen 


Contact us for тоге information. You'll be convinced 


ut 
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Æ /ImmunoGold 


mias ү л ImmunoGold Æ / Silver 
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Protein separations 
in seconds. 


io-Rad's new Protein 
Microanalyzer" system 
separates protein mixtures in 


seconds with resolution superior 
to that achieved by conventional 


HPLC. Some of the outstanding 
features: 


= New technology. Novel 
technology provides the basis 
for the rapid kinetics of the 
Protein Microanalyzer system. 


п Recovery. High and repro- 
ducible recovery of samples in 
the ug range allows con- 
sistent quantitation. 


= Complete quantitation. 
Simultaneous integration pro- 
vides a run time absorbance 
tracing and a peak-by-peak 
quantitation report seconds 
after the run is completed. 


Гус equipment allows 
automatic sampling of up 


to 48 refrigerated samples 
and data storage for later 
reintegration. 


Fe fast separations of small 
amounts of protein without 
sacrifice of resolution, 

nothing equals я 
the Protein pu tae 10° * 
Microanalyzer * 

system! For more 

information, call 

us toll-free 

800-4-BIORAD. 
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2200 Wright Avenue 
Richmond, CA 94804 
Phone (415) 234-4130 


Also in Rockville Centre, N.Y., Australia, 
Austria, Canada, Germany, Italy, Japan, 
the Netherlands, Switzerland and the 
United Kingdom. 
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Schwarz/Mann Biotech Announces: 


ACRYLAMIDE, Ultra Pure 


Electrophoresis Grade 


Our new Ultra Pure Acrylamide for electrophoresis is prepared by a recently developed 
three-fold recrystallization process. This new Acrylamide produces crystal clear solu- 
tions and transparent gels. The Acrylamide’s performance has been checked in func- 
tional tests such as electrophoresis in Laemmli SDS PAGE gels. 


Specifications: 


Formula: CH,:CH.CO.NH, 

Molecular Weight: 71.08 

Purity: >99.9% 

ES. (290пт): «0.10 

Acrylic Acid: <0.001% 

Insoluble matters (in H,O): <0.001% 


Ы" С 
маи 
NE + 


Our NEW Biotech Catalog is now 
available. Request your free copy 
today. 





For more information on this Ultra Pure 
reagent, or on any other please call o! 
write: 

Schwarz/Mann Biotech 

Division of ICN Biomedicals, Inc. 

P.O. Box 965 

Cambridge, MA 02142 


(800) 431-2800 


In Massachusetts, call collect: 
(617) 492-6677 


IGNE 
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et 11 Arms 


Ast Cloning. The igt 11 Cloning Vector has been digested with ECORI and 
dephosphorylated. It accepts О to 7 Kilobase ECORI inserts. 

Kits contain. strains Y1088, Y1089, Y1090 and a test insert. Efficiencies are 
greater than 10? recombinants per microgram of igt ll Arms using Gigapack™ 
аен extract, 


ud it rium F4: - ъ# if af ox i Sx LETE fy 
RI ne? V МЖА ААК OME V еее ARS RI 


Jet 10 Arms 


Genetic Selection. The igt 10 Cloning Vector is suited for the cloning of EcoRI 

ligatable DNA fragments that range between О and 7 kilobases. Kits contain strains 
C600 and C600 Hfl+ and a test insert. Efficiencies are greater than 107 recombinants 
per microgram of Jgt 10 Arms using Gigapack. 


= ЖУУ МУРАУ 
"A УАУ? EGET p F Л PRI 


EMBL3 | Arms 


Large Insert, Genetic Selection. The EMBL3 Cloning Vector is опе of the most 
versatile and efficient lambda-based vectors available today. Its advantages include the 
ability to accept BAM HI ligatable inserts (i.e. Mbol, Sau ЗА, Bgl Пот BAM Hl inserts 
up to 22kb in length), strains (0358, (0359 and a test insert are provided. Efficiencies 
range between 2X 106 and 8X106 recombinants per microgram of EMBL3 Arms using 
Gigapack packaging extract. 


SPTE: CL IEE LEI LE TERY LEZIA AS 
BAM&- \ XVXcog NNE NINKA NA NA A BAM 




















Agt 11, Agr 10 Jand E] EMBL3 Cloning Vectors save valuable tit time and have been expressly 
processed to be extraordinarly effective, reliable and inexpensive. Simplicity in 
protocol make Vector Cloning Systems products a convenience to work with. 





Distributors: 
Exclusively in Japan: 

. Funa Koshi Pharmaceutical Co., Ltd. 
Telephone: Tokyo 03-293-2352 
Telex: 28489 FUNA 


Genofit, S.A. 

5 Rue. des Falaises 

1208 Geneva, Switzerland 
ioi Telephone: 022-29-84-30 
oe Telex: 423226 STER CH 





Distributor: 

МЫ Enzymes Limited : 
South Nelson Industrial Estate 

.. Cramlington/Northumberland NE 23 9hl/England 


Telephone: Cramlington (0670) 732992 
Telex: 538239 


here Satisfaction Multiplies 


3770 Tansy Street/San Diego, CA 92121/Call TOLL FREE 1-800-424-5444 
In California call (619) 458-9151/TELEX 910380 9841 
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Genes and 
Systems in 
Development 


You are invited to join a select group of participants and some of the 
world's foremost speakers at NATURE'S fifth international conference. 


BIOLOGY 





































he 1985 conference presented by NATURE, the in- 
national weekly journal of science, in association 
ith the University of California at San Francisco will 
ddress what is perhaps the central unanswered 
uestion of biology today: How is the process of de- 
elopment directed by genes? 
or three days, you will meet and listen to preeminent 
cientists, physicians and biotechnologists describe their 
Search and first-hand involvement in experimental ap- 
roaches involving the application of molecular biology to 
ems and organisms. Topics will include the diagnosis 
па therapy of genetic defects, homoeotic genes, yeast 
evelopment, development of the immune system—in- 
uding T-cell receptors—and the use of new biological 
jaterials in medicine and industry. Roundtable discus- 
ons will be held each afternoon to give delegates ample 
pportunity to mix with and question the speakers. Partic- 
ants will have an opportunity to take part in detailed 
iscussions and present their own ideas. Poster presen- 
tions are also being invited. 
/HO SHOULD ATTEND 
enior Level Scientists, Medical Research Scientists, Bio- 
echnologists, Scientific Policy Makers, R & D Scientists, 
epartmental Chairpeople. 
. TO REGISTER FOR THE CONFERENCE 
Return the form with your check, credit card authorization, 
an authorized purchase order. 
ull 3-day registration fee: $375.00 
ay only $325.00 if you register before July 31. 
CATION 


heraton-Palace Hotel located at 639 Market Street 


Presented in conjunction with the University of California at San Francisco. 


OCTOBER 7, 8, 9, 1985—SHERATON-PALACE HOTEL 
SAN FRANCISCO, CALIFORNIA 


is convenient to the business and financial districts as well 
as downtown's most stylish shops and finest restaurants. 
Since its opening in 1875, this elegant hotel has hosted 
such world figures as seven U.S. presidents, Winston 
Churchill, Nikita Krushchev, Sarah Bernhardt, Enrico Ca- 
ruso and Oscar Wilde. 

ROOM RESERVATIONS 

A large block of rooms has been set aside for attendees 
at preferred rates. However, we suggest you make your 
reservations early as delegate places and accommoda- 
tions are filling fast. Rooms can be reserved directly with 
the Sheraton-Palace Hotel by calling 800-325-3535. Be 
sure to mention your participation in the NATURE 1985 
Conference to qualify for special rates. Singles: $95. Dou- 
bles: $105 and $115. 


CMEs WILL BE AWARDED 

Extended Programs in Medical Education of the University 
of California School of Medicine in San Francisco 
designates this continuing medical education activity for 
18 credit hours in Category 1 of the Physician's 
Recognition Award of the American Medical Association 
and the Certification Program of the California Medical 
Association. 

BURSARY PROGRAM 

Bursary program for selected graduate students to be 
announced during August 1985. 


POSTER SESSIONS 
To have your poster considered, please include a 
working title and brief synopsis of your topic and send 
to Posters Editor, Nature Publishing Company, 

65 Bleecker Street, New York, New York 10012 









_ YOUR REGISTRATION FEE 
_ COULD BE TAX DEDUCTIBLE 


_ СОМЕЕВЕМСЕ DINNER 

_ Our gala Conference dinner will be held Tuesday, 

.. October 8, in the historic, glass-domed Garden Court. 
. To insure seating, please include your dinner ticket 

E requirements and Payment of $29. 50 per person with 








EXHIBITS _ 


A major exhibition of scientific products and services 
id in conjunc 








will be he junction with the Conference. 
3RAM SCHEDULE* 


_ DAY 1: MONDAY OCTOBER 7 





SYSTEMS 
Speakers Topics 
F Bloom Vertebrate neural 
~ (Research Institute systems 
of Scripps Clinic) 
‚ d. Gerhart Early development— 
ХО. of California Xenopus 
аі Berkeley) 
.. C. Nüsslein-Volhard Early development— 
B (Tübingen) Drosophila 
С. Goodman Development of 
-: (Stanford) invertebrate 
; neural systems 
Н.А, Horvitz Caenorhabditis 
(МІТ) 


“Additional speakers will also appear on the program. 


DAY 2: TUESDAY, OCTOBER 8 


CELLS 


Speakers 

M. Davis 
(Stanford) 

U. Storb 

(U. of Washington 
at Seattle) 

J.M. Bishop 

(U. of California 
at San Francisco) 
M. Ptashne 
(Harvard) 

l. Herskowitz 

(U. of California 
at San Francisco) 


E. Jaworski 
Monsanto 


Topics 
T-cell 
receptors 


B cells 
Oncogenes 


Regulatory 
proteins 
Yeast 
development 


Plant 
transformation 


DAY 3: WEDNESDAY, OCTOBER 9 


GENES 


Speakers 


R. Palmiter 
(U. of Washington 
at Seattle) 


D. Hogness 
(Stanford) 
W. McGinnis 
(Yale) 


T. Friedmann 
(U. of California 
at San Diego 


Topics 
Transgenic mice 


Drosophila 
homoeotic genes 


Mammalian 
homoeotic genes | 


Human therapy 





SAVE $50 
iF YOU 
REGISTER Please reserve 
BEFORE print) 


York, NY 10012 


REGISTRATION FORM | 
To register for NATURE UPDATE IN MOLECULAR BIOLOGY 1985, mail this form 
with your payment to: NATURE PUBLISHING COMPANY, 65 Bleecker Street, New 


(Photocopy this form for additional applications.) 
Conference registration(s) in the name of: (please type or 


seats 





at the Tuesday Conference dinner in the name of: 





NAME 


e 


COMPANY/INSTITUTION 





ADDRESS 














CITY 


am wx та UN ма эи ми ши ми шп ни ша эш ин аш иш ни RR RR ак 


ry P -—— m n te 


My check for $ 


* 


Credit card number 


STATE 


T understand that as a paid conference participant, | may attend all sessions and receive all 
programs and other materials. 


is enclosed. 
Charge my credit card as shown. 











Signature (as it appears on card) 


ZIP 


.Expiration date 


C] Visa L] Mastercard 





D Bill my 
organization. 
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A New 1985 
Research Products Catalog 
from 


Enzo Biochem 


the source for Bio-Probe " labeling 
and опа! generating systems 








m 











Approaches to: Novel Applications for:  Featuring— 

active labeling ө Southerns Bio-Probe™ labeling Exclusive Detek " signal 
• Dot blots and detection systems generating systems 
è Westerns * Biotinylated nucleotides — * Stabile preformed 
e Colony hybridization and antibodies streptavidin-enzyme 
• in situ hybridization è Patho-Gene ™ complexes designed for 
* ELISAs Identification Kits—DNA — optimal sensitivity 

based identification of 
tical Ri EBUIS- pathogens 
hünologists 
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Enzo Biochem proudly announces our new distributors: 
In Austria. Switzerland, and West Germany: 
Call Ortho Diagnostic Systems GmbH Telephone (0-62-23)-77-0 
Toll Free (800) 221-7705 es 
Ў А Karl Landsteiner Strasse 1 
In New York 6903 Neckargemund W. Germany 
(212) 741-3838 In Italy: 
Telex griho Diagnose Systems s.p.a. Telephone (02)-28-28 141 
Eie mius 518: 
ENZOBIO 424683 Via Palmanova. 67 
20132 Milano. На! 
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NEW PRODUCT NEWS FROM HOEFER 





Hoefer has expanded the Mighty Small line 


1 


Hoefer's Mighty Small I has 
become the laboratory standard 
for doing electrophoresis in the 
small gel format. Now Hoefer is 
introducing Mighty Small П, 
and to complete the system, 
Mighty Small Transphor, Cast- 
ing Stand, and Power Supplies. 


* Mighty Small II is Cool and Fast: It 
can run two mini-gels, 8 x 10 cm, in 45 
minutes. Two mini-gels are produced in 
two gel sandwiches, held back to back, in a 





double-sided pod. The pod consists of two 
discretely separate upper buffer chambers 
and a serpentine coolant chamber be- 
tween. Cooling is the key feature of the 
Mighty Small design. The back plate of 
each gel sandwich is in contact with the 
upper buffer and is made of sturdy alumina. 
Alumina is an excellent heat conductor, 40 
times faster than a comparable thickness of 
glass. It rapidly conducts joule heat away 
from the gel sandwich into the buffer. A 
serpentine coolant chamber, permanently 
sealed between the two buffer chambers, 
assures further heat dissipation. This ex- 
cellent cooling system means you can get 
flat, side by side sample lanes with no 
smile in 45 minutes. 

Reader Service No. 51 

* The Mighty Small Multiple Gel 
Caster enables you to cast 10 gels at a 
time, 8 x 10 cm, gradient or native. You 
can pour batches of gels ahead of time, 








probably a week’s supply. 

Reader Service No. 52 

© The Mighty Small Transphor can 
transfer proteins from four small gels (up 
to 9 x 10 cm) at once, to either nylon 
membranes or nitrocellulose, in as little as 
30 minutes. It comes complete with four 





serpentine cooling channel milled into the 
base and covered with alumina assures 
excellent cooling. Under standard transfer 
conditions the temperature variation will 
be less than 5°C. Platinum wire, 155 cm of 
it, strung in 14 opposing strands 1% cm 
apart establishes a uniform electrical field. 
Because of its small size, it is possible to 
use a standard electrophoresis power sup- 
ply — we recommend the Hoefer PS 500X. 
Mighty Small Transphor requires only a 
small amount of buffer, about one liter, 
another important cost-saving factor. 
Reader Service No. 53 

ө lí you want to run small gels, 100 mm 
wide x 80 mm high, the Mighty Small I 
does the job fast and right. You can run a 
1096 gel at 200 constant volts in only 42 
minutes. The gel sandwich is the core of 
the design. Its alumina back interfaces with 
the buffer pod to insure even heat distribu- 
tion across the gel surface. The result: flat, 











side-by-side bands. 

Reader Service No. 54 

© Hoefer introduces a new line of trans- 
fer membranes for all blotting techniques: 
a pure grade of nitrocellulose to insure 
faithful replicas and minimal background 
staining, and high binding capacity Nylon 
66 membranes. You have a wide choice of 
shapes and pore sizes. 

Reader Service No. 55 

© The PS 250 power supply is a work- 
horse for the electrophoresis lab. It can 
produce 0-250V; 0-2.5A, adjustable in 





both voltage and current. It has two digital 
panel meters and a 7 hour timer. You can 
run six Mighty Small II units at one time 
and monitor each separately. For transfer 
work the PS 250 provides ample current 
for several small or large transfer units. We 
recommend running transfers in constant 
current to eliminate overheating. 

Reader Service No. 56 

е The PS 500X 
is the standard 
power supply for 
small gel electro- 
phoresis. It can 
produce 0-500V, 
0-400тА; adjust- 
able in voltage 
and current; auto- 
matic crossover 
from current to 
voltage. You can 
run two Mighty 
Small II units at 
one time or two 
Mighty Small 
Transphor units. 
The PS 500X is portable (only 8 Ibs.) 
and compact (4" x 8" x 12"). 

Keader Service No. 5/ 





* Hoefer Scientific Instruments, P.O. 
Box 77387, San Francisco, CA 94107 
USA. In California: 415-282-2307. Out- 
side California: 800-227-4750. Outside 
USA: Telex 470778. 

For demonstration of the Mighty Small 
line, Reader service No. 58 

For complete catalog, Reader service 
No. 59 






- Intermediat > Filament 
Monoclonals - 
- Differentiate cell types 


for more accurate 
tumor characterization. 























Endotoxin: 
Endotoxins (LPS) can cause а multi- 
tude of undesirable effects in cell cultures. 
Some of which are: the binding of mem- 
brane receptors, alteration of membrane 
permeability, and release of lysosomal en-.- 
zymes. : 

HyClone Laboratories was the first ^ 
supplier to. produce. sera with ultra. low 
levels of endotoxin. In fact, every lot we 
produce has endotoxin levels of less than 1 
ng/ml. Contact us for additional informa- 
tion. 





Intermediate ма ts: 875 specific, BAR AES 
cally distinguishable: components of.the cytoskeletal 








virtually all nucleated cells and retain their specific 
expression even during malignant change. 






















Because of this remarkable Specificity, anti- 
intermediate filament antibodies provide a useful 
` for identifying cell origins. (See oh ) 


HyClone defined sera are available in: | 
fetal bovine, calf bovine, and equine. 


< HyClone Laboratories 
1728 South-State-Hwy- 89-91 
Logan, Utah 84321 






Expression in 
normal cells 


For free. 
40 ml 
vsamples 
please call 
uy toll free 
*. 1-800-HyClone 
(492-5663) 














Examples of in viec попа! 1 ls 
| Квт амды А ы, е 6 


.. elonals only react with their c 
* mediate filament proteins. ` 






These ‘monoclonals | can be 





HyClone 


Defined Sera 
FETAL govine SERUM 


Store at -20°¢ 
Volume 500 mi 
E Filtered 
or Human Use 
ы ee "Yestigational use on 
t 2100373 Mo. 255 










. Во 48723, Chic go. Ib 60648, 
): 800-572-8270 (in Н. 312967. 4 


absystems (Japan) E п Че. К 
Chuo-ku, Kobe, Japan, Ph Салуу" Ы 05623146 
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Affinity-Purified Antibodies to 
Oncogene Proteins and Transforming Growth Factors. 


To facilitate studies in the field of Each antibody is generated against 
oncogene research and transforming a synthetic peptide corresponding to 
growth factors, Triton Biosciences Inc. an amino acid sequence in the native 
is now Offering: protein. These antibodies are purified 


by affinity chromatography, thus reduc- 
ing nonspecific reactions for clearer, 
faster results. Western blot and immuno- 
precipitation analyses are used to verify 
their reactivity and specificity. 
Applications include: providing 
semi-quantitative data on oncogene 
and Qt TGF expression; localizing 
oncogene proteins and Œ TGF in cells 
using immunofluorescence; purify- 
ing antigens by antibody affinity 





chromatography; and characterizing 
structure/function relationships. 

Triton Biosciences Inc., a wholly- 
owned subsidiary of Shell Oil Company, 
is dedicated to developing products 
for the human health care field, with 
special emphasis on cancer. 

Our product development program 
is aggressively committed to providing 
a continuing source of biological 
reagents of the highest quality. 

For additional information, contact 
Triton Biosciences Inc., 6900 Fannin, 
Dept. 270, Houston, Texas 77030. 
Tel. (713) 796-1227. 


E Triton Biosciences Inc? 
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| The new challengers 
| | 

in diagnostics 

ae 













Robaclones 


Special monoclonal antibodies 





against 






Endothelial cells 
eee ee 

| Smooth muscle cells 
Macrophages 
aa 










Robapharm has а 50 years These antibodies represent of the vessel wall (athero- 
tradition in biological new tools for research on the... sclerosis) and various 
research. The company today ^ vascular endothelium and inflammatory cell infiltrates. 
is highly active in biotech- . ^ — on mononuclear phagocytes 

.nology and provides scientists and shall be useful in 
with.rare monoclonal anti- diagnosis of endothelial cell 


bodies throughout the world. — tumors, pathological changes 











3 Robapharm AG À St. Alban-Rheinweg 174 
y 74, Biotechnological Division CH-4006.Basel/Switzerland 
LP Telephone 061 42 00 70 
А Telex 62 939 








leader Service No.66 





Waters ACCELL media. Conventional gel. 
Protein isolation Still on the shelf. 


complete. 


Total time to pack 
column ond run 
separation: less 

than 1 hour. 





Now get LC isolation of your ventional techniques. Its rigid 
protein in minutes— not hours. structure permits linear scale-up 
With Waters ACCELL ion at all flow rates and pressures— 
exchange media. from analytical to prep to process— 
ACCELL packs quicker, easier using the same methods and the 
and allows faster flow rates— to same chemistry. 
minimize time spent on protein Try Waters ACCELL media in your 
separations. A patented copoly- lab at no cost. Simply fill out and 
merization process exploits the mail the attached coupon, and 
properties of a rigid separation we'll send you a free trial kit which 
media while giving excellent includes all the technical specifi- 
recovery of biological activity. cations, protocols, and materials 
Because it's not subject to the you need to evaluate ACCELL on 
shrinking and swelling typical your protein. Or write to Millipore, 
of gels, ACCELL provides better Waters Chromatography Division, 
reproducibility and resolution Dept. PM, 34 Maple Street, 
previously unattainable by con- Milford, MA 01757. 


MILLIPORE 


Waters Chromatography Division 





Conventional gels 
often require hours to 
prepare for packing 


€ Millipore 1985 


FREE trial offer. 








Mail to: Millipore а. 
Waters Chromatography zm 
Division ud 
Department PM Ж j 
34 Maple Street l— 
Milford, MA 01757 WA 755 
Name 

Title 

Company 

Address 

Phone 
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BIO/TECHNOLOGY NOW . .. 


You'll save time. Because 
Wh ж you don't have time to 
‘ead every journal in the field, 
JO/TECHNOLOGY is written — 
d edited to give you all the. 
nformation you need in. ONE 
convenient source. BIO/TECH- 
NOLOGY is the only journal to 
ive. you news. Features. 
Original. résearch. Product 





s important to your work, 
u'll find. it. between the 
vers of BIOITECHNOLOGY. 





^ You'll learn new ways to im- 
ma prove your on-the-job: skills 
run a more successful opera- 
Each month BIO/TECH- 
OLOGY gives you the scoop 
nvaluable start-up informa- 
со. ће latest instrument- 
ion...marketing break- 
roughs ... funding sour- 
$...new technologies... 
lentis. and licences... pro- 
es on how. others are 
oiding the pitfalls and reap- 
the rewards. In fact, just 
e practical tip from BIO/- 
CHNOLOGY can be worth 
y times the cost of your 






















FOUR DYNAMITE REASONS WHY YOU SHOULD SUBSCRIBE TO 


[48 EV CV INE э 


You'll be up-to-date on all 

ш major industry developments. 
With correspondents -all over 
the world, BIOITECHNOLOGY 
delivers. the inside. story on 
who's doing what, where. You'll 
get the latest word on changing 
government regulations апа 
tax law, and how they affect 
your work. 

Plus you'll read original re- 
search papers by bench. scien- 
tists, engineers, and biologists 
that will help keep you in the 
forefront of every new discov- 
ery worth knowing about. 























You'll get new ideas you can 
W put to use immediately.BIO/- 
TECHNOLOGY lets you rub 
elbows with eminent scien- 
tists, tour new facilities and 
learn how new processes work 
in every field from genetic engi- 
neering to molecular biology. 
Each month, BIO/TECHNOL- 
OGY helps spark ideas for your 
own research, for new industri- 
al applications and for getting 
along in the increasingly com- 
petitive financial arena. 


you're not already subscribing to BIO/TECHNOLOGY, don't delay the moment any longer - return the coupon below and we will 
rid you twelve issues. You risk nothing. If for any reason BIO/TECHNOLOGY doesn't live up to your highest expectations, just let 
now and you'll receive a full refund on all unmailed copies. Remember too, that your subscription may be tax deductible. 


TO START RECEIVING YOUR SUBSCRIPTION, FILL OUT THE COUPON BELOW AND RETURN WITH PAYMENT TO: 
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B.A. BIOTECHNOLOGY ENGLAND: BIO/TECHNOLOGY | 
Subscription Order Dept., Р.О. Box 316 Subscription Order Dept., Macmillan Journals, Ltd. | 
Martinsville, New Jersey 08836 U.S.A. Brunel Road, Houndmills, Basingstoke 

0 speed up your subscription in the U.S.A., call toll free 1-800-524-0328. Hampshire RG21 2XS, England | 

| | 

YES! Please send me one year of Му payment is enclosed at the price checked. 
BIO/TECHNOLOGY (12 issues). | under- G Please charge my credit card account: Е | 
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Retreat from particle physics? 
The Kendrew committee has given the expected opinion on whether Britain should pull out 
of high-energy physics. But was it asked the right question? 


Tug Kendrew committee has had a thankless task in deciding 
whether Britain could continue to afford high-energy physics. 
Its report now published (see p 619) faithfully reflects the 
difficulty of reaching a clear decision on such a complicated 
issue. The presenting symptom of the trouble that has arisen is 
that British spending on high-energy physics, taken entirely 
from the budget of the Science and Engineering Research Coun- 
cil (SERC), although much reduced in the past decade, is still (at 
£55 million) an uncomfortably large fraction of the total (£288 
million for SERC in the present financial year). The consequ- 
ences for the general support of science in Britain have been all 
too clear in the past few years. Good projects even in basic 
physics have languished for lack of funds and even, latterly, 
because those best qualified to execute them have been per- 
suaded by the general climate that they had best try their luck 
elsewhere. Yet, curiously, it remains a fact that British spending 
on high-energy physics ts not entirely out of line with what is 
spent by the other members of the European Organisation for 
Nuclear Research (CERN). As a fraction of gross national 
product, British spending on high-energy physics 1s less than that 
of France, Italy and West Germany but greater than that of 
Austria, the Netherlands, Norway and Greece. So why is it that 
Britain, for the time being at least, is the only member squealing 
about the cost? 

There are some extenuating circumstances, of which the chief 
is the curious way in which the British government stolidly 
refuses to guarantee the costs of international collaborations 
against the effects of currency fluctuations. Occasionally, there 
may be special concessions from the Treasury, but more fre- 
quently there are not. The result is that research councils locked 
into international agreements for collaboration that have the 
force of international treaties must raid their provisions for 
domestic spending whenever sterling moves against them. The 
Kendrew committee has rightly asked that the British govern- 
ment should follow a more generous policy towards the research 
councils' difficulties 1n this regard. Indeed, it could well have 
made the point less temperately. For how can the government 
expect the research councils to plan carefully for the future, 
while following the rule that funds cannot be held over from one 
year to the next, when they can never know when 1t will be 
necessary to scrape the barrel for an unbudgeted few million 
pounds or so? 


Structure 


A more serious problem is structural, and particularly concerns 
SERC, which differs from other research councils in that its 
function is exclusively to support research in universities and 
polytechnics, and to provide the necessary central facilities. This 
is the spirit in which, in more fulsome days, SERC provided not 
only the annual contribution to CERN but domestic high-energy 
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physics laboratories (long since converted to other purposes) as 
well The trouble with high-energy physics is that even the 
reduced costs of the present operations are too large a propor- 
tion of the budget to be easily digested, but this is not the. only 
hostage to fortune that SERC has given. Who can say whether 
the cost of maintaining SERC's spanking new observatories, on 
Hawaii and at La Palma in the middle of the Atlantic, will not 
become some years from now the kind of embarrassment that 
CERN seems now? 


Commitment 


The truth is that SERC's total budget of £288 milhon (this 
financial year) is not freely disposable income in the true sense 
Large parts of it are committed in advance, not merely for the 
payment of annual instalments of research grants awarded in 
previous years and for maintaining central facilities and their 
staffs, but also because SERC has been persuaded, in what 
seems to have been the national interest, that 1t should support 
with its own funds substantial government initiatives, for exam- 
ple, information technology, and at the same time increase 
support for engineering research at universities. The CERN 
subscription, however onerous, is only one of the several com- 
mitments that explain why SERC has had so little to spend on 
the core of scientific research. So the Kendrew committee might 
reasonably have argued that it might have been spared the 
trouble of existing if SERC, over the years, had more zealously 
managed its affairs for flexibility. Somewhat delphically, all that 
Kendrew says ıs that “the organization of science in Britain 
should be rationalized so that funds available are used more 
effectively". That, presumably, is what people have been 
attempting for decades past. 

The course of action now suggested is an awkward comprom- 
ise. Nothing much will be saved in the next three years or so, 
although there will no doubt be a flight by graduate students 
from high-energy physics into other fields. Since there is very 
little chance of the government relenting, and allowing a sub- 
stantial increase of the funds available for civil science, SERC 
will continue to be unable to support the projects now sent away 
begging for at least that long. And even if the negotiations with 
CERN are successful (which is improbable), there will not be 
much extra in the kitty — perhaps £15 million a year seven years 
from now, a mere 5 per cent of the annual budget. In the 
circumstances, it would have been better that the Kendrew 
committee should have bitten hard on the bullet put between its 
teeth, should have counted the real British moral obligation to 
CERN as a small consideration compared with the survival of 
British science, and should have plumped for withdrawal at the 
end of 1986 (the earliest date possible). It could have added that 
it would have preferred to have been asked a different question, 
and might even have formulated some of the more intelligent 
questions that need answering. But that way, at least, there 
would have been an early prospect of relief from the present 
crisis 


Ructions 


But would not such a course have been a recipe for ructions? Of 
course, Llewellyn-Smith (see p.619) is entirely right m most of 
what he has to say about the consequences for CERN, and for 
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the British reputation in European collaboration. of even the 
compromise course of action now recommended. Outright with- 
drawal would have caused a bigger row, but one not qualitative- 
ly very different. Morcover, such a decision would have laid the 
trouble squarely where it belongs, with the government whose 
niggardliness has brought about the crisis of the past several 
years Indeed, it 15 entirely possible that if the British govern- 
ment as distinct from SERC were faced (ds it may be still) with 
the task of engineering withdrawal from CERN, it. would find 
the task politically unpalatable. 

Whatever happens now, the Kendrew committee has demon- 
strated vividly that something must be done about the condition 
of academic research in Britain One of its most compelling 


passages 1s the account which it has gleaned from the public - 


grant-making bodies of the projects the research councils are 
unable to support for lack of funds. This is also the theme of last 


week's.report from the Advisory Board for'the Research Coun- . 


cils, published early' so as to inform last Friday's debate in the 
House of Commons (see p.623). (By all accounts, Kendrew 
would have been similarly dealt with if only the Department of 
Science and Education had had an extra word- -processor.) Quite 
why that occasion took place is still far from clear. The initiative 
was that of the Secretary of State for Education and Science, Sir 


Keith Joseph, but on this occasion the apostle of management by - 


cash limits spent much of his time reciting the difficulties attend- 
ing British academic research, the flight of people, for example. 
Was the debate Sir Keith's own way of acknowledging that his 
critics have won the day, and of recruiting their help in talking 
down his colleagues in the government? 

However that may be, it seems not to be fully appreciated that 
an urgent remedy is required. Some good ideas have always 
been wasted because there are no funds to back them. What 
matters now, in Britain, is the sheer volume óf talent going to 
waste. Even the good ideas that, with luck, find backers are 
often supported with such economy that their success is jeopar- 
dized. Last week's advisory board report gives several examples 


of projects with industrial importance which are less successful ' 


than they might be for lack of adequate support. Is it any wonder 
that, in these circumstances, people's spirits have evaporated? 
Or that those not yet entirely demoralized think first of taking 
their skills elsewhere? . 


Yearning 


The simple solution is that the government should find sòme 
extra money, on a strictly short-term basis, to see that projects of 
outstanding quality (and their authors) should not be lost during 
the painful but necessarily cumbersome reorganization of the 
research enterprise now in prospect. An extra £100 million 
spread over the next three years would do an immense amount 
to help. If the government is afraid of distributing such a bonus 
among the research councils in the usual way for fear of giving 
them ideas above their station, it might think of distributing the 
money by some different mechanism. It would be by no means 
unreasonable or inappropriate that there should be a national 
competition for shares in the central fund. If the government’s 


yearning for industrial collaboration is seriously intended,. 


grants from such a special fund might be made contingent on 
matching contributions from outside, Is that modest request too 
much to ask? 

Otherwise or perhaps in any case, the research community 
should take what steps 1t can to hasten the reorganization of 
resources on which it has embarked, but which will work its way 
through the system only after several years. The University 
Grants Committee and the research councils have the common 
objective of concentrating resources for research on the institu- 


. tions best qualified to. make use of them, but the process will not 


begin until next year. Why wait that long? And why, in the 
interests of fairness, contemplate a long period of transition 
from the present indiscriminate distribution of resources to a 
less egalitarian system? Why not move faster, recognizing that 
the pursuit of fairness may be a luxury when the danger is that 
the quality of British research will be irreparably damaged? + O 
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| The logic of Europe 


The plan to turn Europe into a true customs 


union by 1992 deserves a welcome. 

AT long last, there is a chance that Europe will become the 
integrated economic entity of which the founding fathers 
dreamed thirty-five years ago, Or, at least, the member govern- 
ments, (now twelve, with the accession of Spain and Portugal) 
will be compelled at next month’s annual summit meeting at 


Milan to come off the fence and to make plain what kind of . 


Europe they wish to see emerge in the remainder of this century. 
Ordinarily, governments struggle to avoid answering questions 
of such a general character. The need now to face them arises 
because the European Commission, the executive branch of 
what passes for the government of the European Communities, 


has produced an unexpectedly radical reply to a request last year · 


from member governments for an outline of the steps that would 
have to'be taken if internal customs posts were to be abolished. 

What the Commission says is simple. There is no reason why 
customs. posts should not be swept away, but it will first be 
necessary for European governments to make more similar the 
domestic taxes they impose on the sale of goods. 

. Thereis the rub. Over the years, European governments have 
allowed the accumulation of a bewildering variety of indirect 
taxes on goods as different as alcoholic drinks, tobacco products 
and commodities. considered to be luxuries, motor cars in- 


: cluded. Then, triembership of the European Communities has 


compelled the development of a novel system of indirect taxa- 
tion, called value-added tax (VAT), which is levied at different 
rates on different classes of goods by the several members of the 
Communities. The continued existence of customs barriers 
within Europe is partly а consequence of this patchwork system 
of indirect taxation. The Commission now proposes that mem- 
ber governments should be constrained in their freedom to levy 
indirect taxes. During a transitional period, they will be ex- 
pected not to allow the rates of tax to range outside prescribed 
limits: The Commission says that it should be possible to arrange 
that everything could be ready for the abolition of internal 
customs posts Бу 1992, which is asking a great deal. The immedi- 
ate objection, of which much will be heard at Milan, is that the 
member states are not ready to relinquish such a visible sign of 
national sovereignty as their freedom to fix domestic taxes. 
Pragmatically (which 1s in itself unusual but welcome), the 
Commission does what it can to defuse this argument by point- 
ing out that the differences between the taxes levied on goods at 
the point of sale are not so great that their approximation dunng 
the next seven years will be impossible. And, in any case, the 
argument continues, the experience of federal systems such as 


' the United States has shown that even substantial différences 


between sales taxes levied in neighbouring states do not send 
consumers scurrying across state lines in search of bargains in 
the shops. But there is an important issue that the Commission 


, overlooks — the possibility that member states may wish to 
. engineer substantial changes in the balance between direct and 


indirect taxes in their national accounts. For entirely good 
reasons, the government of New Zealand has already shifted the 
burden of taxation from income to consumption taxes (and lost 
the Timaru by-election at the weekend chiefly as a result). The 
government of Australia'is planning to follow suit, while even 
the British government has, in previous years, talked of similar 
proposals. So the European Commission's proposals are more 
radical than they may seem. Prudent member governments will 
accept them — and they should — only if there is a mechanism 
by which general questions of taxation policy can be raised and 


decided on a European basis in the decades ahead. But that will’ 


imply a substantial step along the road to a federal Europe, as 


.the objector$ at Milan will be quick to, say. The logic of the 
, circumstances that have now arisen, however, isthat Europé can 


not hope to be an integrated market of nearly 400 
million people without becoming at the very least what many 
outsiders think it is already, an effective customs union. п 
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NEWS 


Kendrew takes knife to 
high-energy physics 


THE technical consultant to the Kendrew 
committee on British involvement in high- 
energy physics, Dr Christopher 
Llewellyn-Smith, had repudiated the 
committee’s chief conclusion (see Nature 
29 May, p.266) within minutes of its for- 
mal publication earlier this week (High 
Energy Particle Physics in the United 
Kingdom). Of the recommendation that 
Britain should seek a reduction in its con- 
tribution to CERN, the Geneva high- 
energy physics laboratory, of “at least 25 
per cent by 1991”, Llewellyn-Smith says 
that the “unsubstantiated assertion” that 
such a reduction could be attained without 
detriment to CERN’s position 15, simply, 
“false”. 

That the Kendrew report would be con- 
tentious has always seemed probable. In 
the event, however, the report is a model 
of clarity, which should comfort both its 
supporters and its critics. Briefly, the con- 
clusions are that Britain should remain a 
member of CERN “on the present basis” 
until 1989, but that it should continue 
beyond that time only if that can be done 
“at significantly lower cost”. The timing is 
determined by the construction program- 
me for the new electron collider LEP. 
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The committee notes that British scien- 
tists continue to make important contribu- 
tions to high-energy physics and that the 
subject is at present at an exciting stage, 
but it also says that British spending on 
high-energy physics is too great a propor- 
ton of the present or ^any realistic" 
budget of the Science and Engineering 
Research. Council (SERC). It recom- 
mends that modest economies should be 
made as soon as possible; principally in 
the budgets of groups working on experi- 
ments at CERN, does not expect these to 
be substantial before the financial year 
1988-89, but would expect them to in- 
crease to “at least 25 per cent"by 1991. 





The committee says that the proposed 
reduction of the CERN budget would be 
an “attamable adjustment" that would 
“still allow the laboratory to maintain 1t- 
self at a world class standard albeit at a 
reduced pace of development". The pro- 
posed reductions of domestic expenditure 
would entail “a significant decrease in the 
size of the experimental community" 
(now estimated to consist of 400 senior 
people and 240 graduate students), but 
the committee says that it should be poss- 
ible to arrange for an orderly contraction 
while maintaining an “appropriate” Brit- 
ish contribution to the field 

The report argues that the financial cir- 
cumstances of the United Kingdom which 
have led the committee to its conclusions 
*may not be unique" among CERN mem- 
bers, that *the overall level of expenditure 
on the subject is too high" and that “it 
would not be counter to the long-term 
interests of the field" 1f the pace of de- 
velopment were reduced “worldwide and 
not merely at CERN”. 

The committee acknowledges that the 
total budget of CERN has decreased by 20 
per cent in real terms over the past de- 
cade, and that British spending on high- 
energy physics has declined during the 
same period “from what was an extraordi- 
narily high level". It also says that there is 
insufficient support for first-class research 
proposals both in high-energy physics and 
in other areas 

The report suggests that there is at pre- 
sent little room for manoeuvre within the 
British budget, pointing out that there 
would be no point in remaining a member 
of CERN if it were not a first-class labora- 
tory and if domestic funds were insuffi- 
cient British physicists to make full use of 
it. The report also says that there is a 
“strong moral obligation” on the United 
Kingdom to remain a member of CERN 


until LEP is finished as well as to continue ^ 


development of the three particle detec- 
tors being built for use with LEP. 

The Kendrew committee therefore 
argues that the British delegation to 
CERN should press for an immediate re- 
view of the financial structure of the 
CERN laboratory, with the objective of 
reducing costs after 1989. Allowing for 
both domestic savings and reduced ex- 
penditure at CERN, the committee calcu- 
lates that it should be possible to save a 
total of $55 million over the next seven 
years, or an annual $13.8 million (at pre- 
sent prices) in 1992-93 and succeeding 
years. The Kendrew committee asks that 
the British government should help to 
avoid future difficulties by arranging that 
the budgets of the research councils will 








ı not be further eroded by inflation. and 
| that the research councils should be insu- 


lated from fluctuations of exchange rates. 

The committee goes on to say that even 
the saving likely under its proposals will 
noi “in itself solve the financial problems 
of other areas of science”, and that extra 
funds will be needed i£ the British research 
base is to meet “the challenges of the next 
decade”. 

Formally, the report is a recommenda- 
tion to SERC and the Advisory Board for 
the Research Councils, on whom will fall 
responsibility for deciding what should be 
dene. The most likely next step is that 
negotiations will be opened with CERN 
on the proposed reduction of the budget. 
Most probably, there will be no biting of 
bullets unless and until those negotiations 
seem about to fail. m 


Informed dissent 


Tae dissenting opinion from Dr Christ- 
opher Llewellyn-Smith, reader in theore- 
tical physics at the University of Oxford, is 


| strong meat. It begins by saying that the 


real issue facing the whole of British scien- 
ce is “the erosion of our superb scientific 
tradition" by the inadequacy of funds. 
Liewellyn-Smith says that he informed the 
Kendrew committee of his dissenting opin- 
ion before making it public. 

Among Llewellyn-Smith's objections 
ar? the following. 
@ The demand that the British contribu- 
tion to CERN should be reduced by 25 per 
cent implies a similar reduction of the total 
budget. 
@ Given that salary costs at CERN are 
roughly half of the total budget, reducing 
the budget by a quarter would require 
either a disproportionately larger cut of 
scientific activity or a reduction of the staff 
employed (which would not yield immedi- 
ate savings because of the high cost of re- 
dundancy). 
@ It is inconceivable that the necessary 
two-thirds majority for a 25 per cent cut in 
the CERN budget could be found among 
the present membership, for which reason 
the committee's main conclusion *implies 
withdrawal. . . the committee fails to face 
up to this consequence.” 
@ The suggestion that the proposed 
domestic reduction of 25 per cent could be 
orderly “is ludicrous”; because of the long 
timescale of high-energy physics experi- 
ments, the cuts would fall on those whose 
projects are about to be completed. 
@ As recently as 1981, SERC offered the 
opinion that the budget for nuclear physics 
should remain constant, since when high- 
energy physicists have made long-term 
commitments. 
@ The recommendations in the report 
would seriously damage particle physics, 
would damage the credibility of the United 
Kingdom as a collaborator in science pro- 
jects and yet would make only a small con- 
tribution to the “solution of the crisis in 
science funding". LI 
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NEWS 


Looking to the future 


Albuquerque, New Mexico 

A C ARIOON circulated recently at Sandia 
National Laboratory shows a wizard com- 
plete with pointed hat gazing intently into 
a crystal ball; a sign on the door in the 
background reveals the location to be the 
head office of the Future Options Group 
(FOG) an 8-man team of defence scient- 
ists which spends its time trying to do just 
that. Glenn Kuswa, manager of the FOGs 
(as they are known) for the past 10 
months, admits that the mysterious- 
sounding group of futurists that he leads is 
a fair target for cartoonists, but he insists 
that the group is taken perfectly seriously 
by Sandia's senior management. In a 
national laboratory with primary respon- 
sibility for defence, future-gazing is a 
serious business. 

FOG was formed to advise on long- 
term planning at Sandia only three years 
ago, but has already had a significant 
impact on both the weapons development 
and the basic science at Sandia. Its con- 
cern about the importance of high-speed 
computing, for example, led to a new 
laboratory division devoted to computer 
architectures. Sandia, in addition to carry- 
ing out contract research (mainly for the 
Department of Energy), is charged with 
anticipating future defence needs, and 
several of its major research efforts, such 
as sub-micrometre semiconductor tech- 
nology, were initiated by the laboratory 
management 

While the laboratory's primary mission 
is still research into nuclear weapons, the 
scope of this work has broadened con- 
siderably in recent years, so much so that 
the laboratory recently had to be reminded 
by Washington that biological 
research, at any rate, could not be con- 
sidered part of its mandate. More and 
more projects are carried out in collabora- 
tion with commercial companies, and the 
number ‘of staff has grown to match 
Sandia now employs more than 8,000 
people, a figure that is not expected to 
increase further. 

FOG is the creation of an informal 
group of laboratory managers seeking a 
mechanism for looking beyond the normal 
course of events. pondering how Sandia 
should anticipate the future 

The group started by concentrating on 
strategic defence, and gave advice on the 
subject to the White House long before 
President Reagan's famous star wars 
speech of March 1983. Missile defences 
continue to take up a large part of the 
FOGs' time. Electrothermal guns might, 
according to Kuswa, be capable of accel- 
erating projectiles to even greater veloci- 
tres than the rail guns now being intensiv- 
ely investigated for the Strategic Defence 
Initiative: the physics of impacts at ex- 
tremely high velocities and their implica- 
tions for weapons design are one focus of 











the FOGs' attention. 

So far, most of FOG’s divinings have 
been delivered as briefings to Sandia's 
senior management, with some informal 
contacts with outside bodies such as the 
Congress's Office of Technology Assess- 
ment Kuswa thinks FOG has played an 
important, if little-known, role in foster- 
ing communications between different 
factions at Sandia, and wants to see it 
move towards producing more formal 
written reports in future. 

Not surprisingly, the successful main- 
tenance of nuclear defence is counted the 
group's primary objective. The issues 
tackled range from the particular — for 
example, hypervelocity guns — to the 
general — brainstorming and arranging 
training courses in global security issues 
such as the world's energy supply. 

Kuswa has thought about how the 
"nuclear winter" hypothesis might affect 
deterrence, but FOG is not yet committed 
to studying the topic in earnest. By and 
large FOGs just think, rather than do ex- 
periments, and Kuswa thinks that the 
group should wait until there are more 
data on nuclear winter before addressing 
it. 

FOG can see further into the future of 
photonics and fibre optics, which might 
lead to revolutionary advances in comput- 
ing speeds and which Kuswa says will cer- 
tainly have important implications for the 
way high-speed data are recorded. Such 
matters are crucial for the strategic ba- 
lance of power, and Kuswa believes com- 
puting is important enough to warrant at 
least one FOG member permanently 
tracking it Such is the speed of progress 
that Sandia boasts that it has recently pro- 
duced an experimental computer nick- 











named the “VAX in a lunch box” 

Software engineering 1s another topic 
FOG is studying; Kuswa 1s alert to the 
possibility that, despite what many see asa 
disappointing track record so far, artificial 
intelligence research could yet rock the 
strategic boat. In one attempt to make the 
future come a little sooner, Kuswa's group 
recently sought to apply expert systems, a 
spin-off of artificial intelligence research, 
to some of the laboratory's work. A re- 
tired employee had his expertise on the 
electrical wiring and connectors of nuclear 
warheads programmed into an expert 
system for the laboratory's future use. 
Kuswa hopes to persuade Sandia to make 
further use of expert systems for similar 
tasks in future. 

A related subject is the likely availabil- 
ity of custom integrated circuits. Whereas 
circuit design 1s today still the province of 
the expert, the increasing sophistication of 
computer-aided equipment suggests that 
before too long the design and manufac- 
ture of a high-performance integrated 
circuit engineered for a specific task will 
be within the reach of most engineers. 
Contrary to FOG's usual approach, the 
group recently staged a demonstration of 
the production of specific integrated 
circuit, 

Kuswa would like ultimately to estab- 
lish a database of all military hardware, as 
a resource for studies of what the Depart- 
ment of Defense's shopping list 1s likely to 
look like in future (future bombing “plat- 
forms", including unmanned ones, are the 
subject of acurrent study). This, however, 
has proved difficult and is unlikely to be 
accomplished soon. In the meantime, 
there are plenty of other subjects to think 
about, and Kuswa can apparently see far 
enough into the future to know that FOGs 
are going to be in continuing demand. 
“We have,” he says, “earned our keep." 

Tim Beardsley 





Cell lines jump US customs 


Washington 

Tue US Department of Agriculture 
(USDA) has agreed to simplify and stream- 
line its quarantine rules for the import of 
cell lines. Biotechnology companies have 
been complaining of delays of as much as a 
year while tissue cultures and tissue- 
culture products await testing at USDA's 
Plum Island quarantine facility. Industry 
sources say they hope the new procedures 
will cut that time to two months. 

USDA’s quarantine rules apply to im- 
ports of any materials that could contain 
foot-and-mouth disease virus and other 
livestock diseases not already present in 
the United States. Thus cell lines prepared 
with bovine serum or the enzyme trypsin 
(which is derived from cows and pigs) come 
under the quarantine. The safety test in- 
volves inoculating a steer, waiting 4—6 
weeks and analysing a blood sample. 

During negotiations between USDA and 





representatives of the biotechnology indus- 
try on speeding up the process, it became 
clear that most of the delays were bureau- 
cratic. Companies would, for example, be 
sent a bill for a test that had to be paid 
before testing would begin. Under the new 
procedures, companies will be able to es- 
tablish deposit accounts with USDA so that 
the tests can be run as soon as products 
arrive at Plum Island. 

'Thenew rules will not, however, provide 
exemptions from the strict testing require- 
ments that the industry had been seeking in 
respect of materials to be used only in clini- 
cal applications or in vitro diagnostics. The 
industry argues that so long as such mater- 
ials are disposed of properly, there is vir- 
tually no chance of livestock being 
exposed. USDA officials say that dis- 
cussions with the industry on this issue will 
continue. 

Stephen Budiansky 
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Reforms threaten independence 


PotAND's Main Council for Science and 
Higher Education, the representative 
body of the university community which 
serves as an intermediary between the uni- 
versities and the Minister of Science and 
Higher Education, stands to lose most of 
its powers 1n the planned reform of the 
1982 Higher Education Act. Since the dis- 
cussions on reform began last autumn, the 
Main Council has resolutely opposed the 
proposals which would effectively annul 
the university autonomy won during the 
Solidarity era. A vote taken on the pro- 
posed changes early in March showed only 
one member of the council in favour of the 
changes, with a handful of abstentions 
Now, a new draft of the proposed reforms, 
which reached us last week, threatens the 
status of the Main Council itself. 

The 1982 Act established the Main 
Council as the supreme elected organ of 
the university community. It has seventy 
members, fifty from the universities and 
colleges under the ministry and the rest 
from the medical, physical training, art, 
drama and maritime colleges. The council 
has power to decide on the direction of 
research and the organization of studies, 
to set the conditions for the awarding of 
academic degrees and has the right of con- 
sultation with the minister on a wide range 
of financial and administrative matters. 
The original version of the reform streng- 
thened ministerial control and disciplinary 
powers over the universities, bringing the 
"students' self-government committees" 
within the framework of the Party youth 
organizations, but the role of the council 
was left virtually unaltered. 

With the Main Council resolutely op- 
posed to the proposals, however, the gov- 
ernment clearly decided to think again. Of 
late, the issue has no longer been in the 
hands of the minister of science, Dr Benon 
Miskiewicz, but had been handed over to 
the government's Committee for Social 
and Political Affairs, under Deputy Prime 
Minister Mieczyslaw Rakowski. The new 
draft which has emerged would impose 
considerable restrictions on the Main 
Council. First and foremost, the members 
of the Main Council would no longer be 
elected, but instead would be “appointed 
by the chairman of the Council of Minis- 
ters at the request of the Minister of Sci- 
ence and Higher Education” (Art. 18.1). 
“Directions of study” will now be decided 
not by the Main Council but by the minis- 
ter (Art. 8 2) And, under the greatly re- 
vised Art. 2, the Main Council will no 
longer “decide at the request of the 
Minister” but only “give an opinion” on 
“possible and definite plans for the de- 
velopment of higher education”. The 
same article does, indeed, leave decision- 
making on research within the universities 
and in the competence of the Main Coun- 
cil, but with the proviso that its decisions 





must be within the framework of the cen- 
tral economic plans. On matters affecting 
the terms of employment of academic 
staff, the minister will decide “after hear- 
ing the opinion of the Main Council” ın- 
stead of, as at present, “in agreement with 
the Main Council”. 

The latest version of the reform will 
therefore reduce the Main Council to, at 
best, a powerless talking shop for the uni- 
versities and, at worst, a rubber stamp for 





the decisions of the minister and the eco- 
nomic planners. During a special plenary 
session of the Central Committee of the 
Polish United Workers’ Party last month, 
General Jaruzelski reiterated the official 
viewpornt, that the universities cannot any 
longer be allowed to be the breeding 
ground of political opposition, but must 
be more closely incorporated into the soc- 
ialist structure This triggered nationwide 
student protests, as a result of which 
Rakowski and Miskiewicz found it neces- 
Sary to assure university rectors that the 
reforms would not be made an excuse for a 
political purge. Vera Rich 





Electricity supply 


Cross-Channel power games 


FRANCE will begin pumping 1,000 MW of 
its cheap nuclear electric power across the 
English Channel into the British grid later 
this year, when the first stage of a new 
2,000-MW undersea link is completed. 

The new cables — four of them — run 
from Les‘Mandarins, south of Calais, to 
Folkestone. They will increase the 
French-British power linkage more than 
tenfold, from the present 160 MW trans- 
ferred along a line between Dungeness 
and Boulogne mainly to even-out peak 
demand on each side of the Channel. 

But the new link will open in two 1,000- 
MW stages And while the English utility, 
the Central Electricity Generating Board 
(CEGB) and its French partner, Elec- 
tricité de France (EDF), bave reached 
agreement on the first stage, for France to 
supply Britain with cheap power, the use 
of the second 1,000 MW is still in dispute 

On its side, EDF would like CEGB to 
buy another 1,000 MW of “baseload” con- 
tinuous power at French marginal supply 
prices, which EDF is quoting at attractive 
rates. This is not surprising, as within a 
few years the French electricity supply will 








be more than 70 per cent nuclear. Nuclear 
reactors are hard to turn on and off, so the 
responsiveness of the French network to 
demand fluctuations has been decreasing, 
despite efforts to make French, pressu- 
rized water reactors more variable. 
CEGB, on the other hand, in consider- 
ing a second 1,000 MW from France, 1s 
said to be concerned about its agreements 
with the British National Coal Board 
(NCB), now recovering from its year-long 
coal strike. CEGB 1s by far the coal indus- 
try’s biggést customer, and is contrac- 
tually committed to buying large amounts 
of NCB’s coal. CEGB cannot buy too 
much French power without endangering 
those agreements, and the British coal ın- 
dustry, it is claimed 
Or, to put it differently, it seems that 
while 1,000 MW of French electricity 1s 
convenient enough to make a sharp point 
tc the government and NCB about the 
value of nuclear power — and a warning 
that coal prices had better be kept down — 
2,000 MW from France might be contrac- 
tually uncomfortable. 
Robert Walgate 
| 


CSIRO on the right rails? 


Canberra 

Tue Australian Minister for Science, Mr 
Barry Jones announced last week the ap- 
pointment of Dr N.K. (Keith) Boardman 
as the next chairman of the Common- 
wealth Scientific and Industrial Research 
Organisation (CSIRO). Dr Boardman, for 
the past eight years a member of the three- 
man CSIRO full-time executive and for- 
merly chief research scientist of the CSIRO 
Division of Plant Industry, will take the 
reins for nine months in the first instance, 
beginning in September when the present 
chairman Dr J.P. (Paul) Wild retires. Mr 
Jones also announced the appointment of 
two new part-time members of the execu- 


tive, Dr Adrienne Clark, a Melbourne Uni-- 


versity botanist, and Dr Kevin Foley, 
chairman of the Australian Industrial Re- 
search and Development Board. Like that 
of Dr Boardman, their appointments are 











for nine months pending the outcome of a 
series of reviews into government- 
sponsored science in Australia being un- 
dertaken by the Australian Science and 
Technology Council, in the course of which 
CSIRO is only the first research establish- 
ment to come under scrutiny. 

The conclusion of the CSIRO review is 
meant to coincide with Dr Wild’s retire- 
ment. A former chief research scientist of 
the CSIRO Division of Radiophysics and 
1980 Royal Medallist of the Royal Society, 
Dr Wild has personally lifted the public 
profile of CSIRO through highly-visible 
and commercially-orientated work on the 
new aircraft landing system Interscan and, 
more recently, his plan to link Australia’s 
two largest cities with the national capital 
Canberra using trains operating at speeds 
of up to 350 kilometres per hour. 

Jeffrey Sellar 
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Arianespace 


Europe's launcher cashing in 


ARIANESPACE, the French-based com- 
pany that sells the successful European 
space launcher Ariane, has tripled its 
turnover compared with projections made 
when the company was set up five years 
ago. according to company president 
Frédéric d'Allest last week. Bursting with 
enthusiasm, and apparently happy to chal- 
lenge competitors in the United States and 
anywhere else, d'Allest said Arianespace 
has 35 satellites and FF7,000 million (£600 
million) on its order books. 

"There has been a very dramatic in- 
crease of activity" and “we at Arianespace 
are the only launch agency that can bal- 
ance its accounts", d'Allest said. Ariane- 
space was planning three launches a year 
and now is planning a firm six, with up to 
eight a year possible. 

A further new launch pad, ELA 2, will 
be inaugurated at the Kourou launch site 
in French Guyana, north of Brazil, in 
October. At only five degrees of latitude 
from the Equator, compared with Cape 
Canaveral’s 28 degrees, the site has the 
benefit of greater natural launch velocity 
(from the Earth's rotation). 

At the same time, d'Allest dismisses all 
competition in launch vehicle manufac- 
ture. In the United States, attempts are 
being made to commercialize the “obso- 
lete" Atlas Centaur and Thor Delta 
rockets. But there will be no significant 
improvement in the technology of ex- 
pendable launchers in the United States, 
he claimed. For, d’Allest argues, nó com- 
mercial company can bear the costs of 
launcher development while the US gov- 
ernment is unlikely to make a substantial 


Rocketing insurance 


ARIANESPACE may have to wait a year 
before it can announce reductions in the 
insurance premiums for satellites launched 
on Ariane, even though these premiums 
have reached punishing levels after satel- 
lite losses on the space shuttle (see Nature 6 
June, p.447). So said M. Charles Bigot, 
director-general of Arianespace, who was 
in London last week with his president, 
Frédéric d’Allest, to discuss, among other 
things, new insurance terms with City of 
London brokers. 

*We had hoped to announce new terms 
at the Paris air show a few days ago", said 
Bigot, but the problem has proved more 
difficult than expected. “The insurance 
companies are treating all launchers as if 
they were the same kind of car", Bigot 
complained. But Arianespace is not going 
to fight dirty and use French government 
pressure, as it could now that most French 
sources of finance are nationalized. “This 
is a commercial question and we shouldn’t 
mix it with politics”, he said. 

Robert Walgate 














contribution to the development of expen- 
dables for fear of undercutting the eco- 
nomics of the space shuttle. 

Meanwhile Ariane development goes 
on apace, he said The penultimate 
Апапе-1 should launch the Halley probe, 
Giotto, Ariane’s first interplanetary 
mission, on 2 July, while the slightly 
bigger Ariane-3 has become the main 
Arianespace workhorse. Ariane-4, with 
strap-on liquid and solid-fuel boosters, 
designed for a new generation of tele- 
communications satellites, will be 
launched in mid-1986 and enter commer- 
cial service the following year. 

After Ariane-4, a completely new de- 
sign of Ariane will take over, a design 
using HM-60 cryogenic engines now 
under development by the French 
national space agency CNES. This 
*Anane-5", capable of launching the 
bigger communications satellites being 
developed, will carry Arianespace from 
1995 to the end of the century. 

Arianespace could face some competi- 
tion from Japan's H2 launcher, but H2 is 
too small, more comparable with Ariane- 
4 than Ariane-5, said d'Allest. Moreover, 
Japan ıs constrained like the United States 
by the northern location of its launch site. 

The problem with the Soviet Union, a 
potential competitor, is that its launch 
sites are under military control and very 
tight security, so very little information 
emerges on launch technologies, com- 
munications facilities and so on, too little 
to make possible fruitful cooperation with 
à commercial client. In China, the Long 
March 3 rocket, at the testing stage, is 
similar to Ariane-1 Chinese technology 
will develop, but like Japan, China is ham- 
pered by a northern launch site. And the 
painful West German experience in the 
private OTRAG venture, which attemp- 
ted, unsuccessfully, to use ultra-cheap 
technology and a Zaire launch site, 
showed that there was no easy route to 
space. d'Allest acknowledges that fibre 
optics may become competitive with com- 
munications satellites on certain trunk 
routes, but considers that there will be 
enough launcher business left to keep 
Arianespace healthy. 

That leaves Arianespace, which has 
taken 48 per cent of the world commercial 
satellite market since 1981, “in the clear”, 
given that the US space shuttle has proved 
expensive. The company’s objective, 
according to marketing manager Jean- 
Claude Bichet, 1s to take one third of the 
market, which is to be found 40-50 per 
cent in the United States, 18-20 per centin 
Europe, 10 per cent in the international 
bodies Inmarsat and Intelsat, and 20 per 
cent in the rest of the world. Arianespace 
hopes soon to be launching 8 to 12 com- 
mercial satellites a year. 

Robert Walgate 

















Exhaust emissions 
No agreement 
in Europe 


Brussels 

VEHICLE emission limits announced two 
weeks ago by European environment 
commissioner Stanley Clinton-Davis are 
expected to receive a very cool reception 
from the ten environment ministers when 
they meet in. Luxembourg on 25 June, 
which could yet again delay a decision to 
control car pollution. 

Last March, environment ministers of 
the European Community had agreed to 
stagger deadlines for the introduction of 
new emission standards according to en- 
gine capacity, and had asked the Euro- 
pean Commission to provide exact figures 
for emission limits for carbon monoxide 
(CO), hydrocarbons and mtrogen oxides 
(HCand NOX) and for nitrogen oxides on 
their own (see Nature 314, 304; 1985). 
These figures, it was agreed, would 
achieve an environmental effect equiva- 
lent to that reached in the United States, 
and would allow the use of lean-burn tech- 
nology in the case of the medium category 
of car (1.4 — 2.0 litre). 

But the limits suggested last week for 
medium cars (30 grams per test for CO, 8 
g/t for HC plus NOX and 4 g/t for NOX) 
seem to be unobtainable with lean-burn 
technology. When differences between 
the European and US test cycles are taken 
into account, the suggested limits are stric- 
ter than the standards applied in the 
United States and could remove 20 per 
cent of present large cars from the roads. 

Several countries consider these new 
figures unrealistic and feel they do not 
correspond with what was agreed at the 
March council The United Kingdom had 
suggested 35 g/t for CO, 12 g/t for HC plus 
NOX and 6 g/t for NOX, while Italy and 
France, which have carried out their own 
tests in the meantime, maintain that 4 g/t 
for nitrogen oxides is not achievable ex- 
cept by using the catalytic converter. 

Mr Clinton-Davis is determined to take 
a firm stand. His aim is to see NOX emis- 
sions in the Community cut by half from 3 
million tonnes to 1.5 million tonnes. 

But the Commission's proposals are un- 
likely to please those countries seeking a 
more flexible approach Furthermore, 
they will once again put West German 
interior minister Friedrich Zimmerman in 
a difficult position. At the last council, he 
obtained Community approval to go 
ahead with plans to introduce national tax 
incentives for clean cars, but these incen- 
tives have to be tied to clear-cut emission 
standards. If Community ministers cannot 
agree, Zimmerman will either have to rely 
on US standards when the incentives 
come into effect on 1 July or continue to 
hold up the project, which could further 
adversely affect an already depressed car 
market. Anna Lubinska 
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Commons debate cuts little ice 


ттіе blood was drawn, and no conces- 
sions won from the British government, 
during last Friday's debate on science in 
the House of Commons. But the govern- 
ment had agreed to the demand of Dr 
Jeremy Bray, the Labour Party spokes- 
man on science, that this year's advice 
from the Advisory Board for the Research 
Councils (ABRC) should be published for 
the debate, it asks that the government 
should give the research councils £85 
million extra over the next three years and 
wrings its hands over the rate at which 
younger scientists are leaving Britain. 

Sir Keith Joseph, Secretary of State for 
Education and Science, admitted at the 
outset that a "significant" part of the sci- 
ence budget has had to be spent on activi- 
ties other than research, but insisted that 
the government has protected the budget 
in gross terms. This assertion was disputed 
by many members of parliament (MPs) 
during the debate (see also Nature 23 
May, p 271), for example by Dr John 
Marck, who pointed out that the Agricul- 
tural and Food Research Council (AFRC) 
is facing cuts of £10 million this year and 
£20 million next. 

Sir Keith also acknowledged that the 
number of scientists leaving Britain to 
work abroad where the potential rewards 
are greater is a matter for concern On the 
other hand, he was encouraged by the 
increased collaboration of the research 
councils (which fund much of Britain's 
civil research) with industry in a selective 
and efficient way. He applauded the re- 
duction of the research council's long- 
term commitments and their consequent 
increased flexibility and concluded that, 
for British science, "the way forward must 
be to scrutinize carefully the priorities im- 
plicit in the present balance of funding 
between subject areas and to consider 
whether some adjustments may be needed 
better to serve the national interest”. He 
promised to assess ABRC’s recommenda- 
tions in this year’s public expenditure sur- 
vey, but demanded more investment in 
basic science from industry, particularly in 
engineering. 

Opposition and Conservative MPs alike 
demanded action from the government to 
keep Britain in the front line of interna- 
tional science research. Dr Bray said that 
the least the government could do is to 
guarantee ABRC’s recommended  in- 
creases. His worries about the enforced 
drift of scientists elsewhere were epito- 
mized by the £25 million laboratory set up 
by a US pharmaceutical company for Dr 
Leslie Iversen, formerly head of the Medi- 
cal Research Council Neuropharma- 
cology Unit at Cambridge. Dr Bray said 
that the work should be available to 
science generally and to British companies 
for commercial development, rather than 
being “pre-empted” bya UScompany He 








argued for the creation of a Minister of 
Science, and for an annual survey of in- 
dustrial research and development 

Mr Ian Lloyd (Conservative) endorsed 
Dr Bray’s proposals but had one of his 
own to make as well, the setting up of an 
Office of Technology Assessment similar 
to that in the United States This indepen- 
dent body would serve both houses of 
Parliament, would be non-political and 
would address fundamental issues of 
current interest such as Mr Enoch 
Powell’s embryo protection bill, acid rain, 
nuclear power and the commercial impli- 
ations of biotechnology 

ABRC hasset up its own working party, 
chaired by Professor Mathias, to examine 
funding of research by the private sector 
and to consider how it 1s to be extended. 
Its findings will be published ın September 
of this year. 

Among many other suggestions as to 
how the government should support sci- 


US agencies 


NSF's hypotheti 


Washington 

Tue idea of a federal Department of 
Science and Technology, which briefly re- 
surfaced last winter for approximately the 
100th time in the past 20 years, according 
to a tally by the Congressional Research 
Service, has appeared yet again, this time 
in a slightly veiled form. This week, the 
National Science Board, the governing 
body of the National Science Foundation 
(NSF), is to receive a study of what the 
agency would do if its budget were to in- 
crease by a factor of three over the next 
five fiscal years. The study, commissioned 
by NSF's director, Erich Bloch, included 
the assumption that as well as the extra 
money, NSF would take over the extra- 
mural research programmes of the De- 
partments of Agriculture, Energy and 
Defense. 

Although last winter's proposal rapidly 
fizzled out and while there is little chance 
that a budget-deficit-minded Congress 
would consider such a proposal even if it 
were submitted, the NSF study makes 
clear that those in high places would like a 
major reorganization of US science 
agencies. 

One often-discussed 1dea, less drastic 
than consolidating all the science agencies 
into a single cabinet-level department, is a 
merger of NSF and the National Bureau of 
Standards, as proposed by the Reagan 
administration in 1983 as part of a plan to 
replace the Department of Commerce 
with a Department of International Trade 
and Industry. The proposal of last winter 
(1n a study by the Presidential Commision 
on Industrial Competitiveness), took that 
as a starting point; the commission also 








debate, cut little ice 


ence was that of Mr Robert Jackson MP to 
find money from the defence research and 
development budget. In 1981, Britain 
spent $3,000 million on civil and $3,256 
million on defence research and develop- 
ment. Equivalent figures for France and 
West Germany in the same year were 
$4,370 and $2.591, and $6,698 and $646, 
respectively. Britain could, therefore, ad- 
just its balance of spending accordingly 

@ Mr Enoch Powell used the debate to 
discuss once more his bill to protect 
human embryos. His argument was two- 
fold. First, he failed to find any evidence, 
by correspondence with this journal, sci- 
entists and doctors, that any research of 
the kind that would be forbidden by his 
bill is actually being performed, arguing 
that his bill should therefore be passed. 
Second, he suggests that those who op- 
posed his bill were the unwitting dupes of 
corporate giants that stand to gain by de- 
veloping contraceptive and other drugs 
using human embryos as experimental 
material. Both these arguments, as well as 
the appropriateness of the issue in this 
Maxine Clarke 


cal spree 


considered adding in the research portions 
of the Department of Energy, the Nat- 
ional Aeronautics and Space Administra- 
tion and the National Oceanic and Atmos- 
pheric Administration. 

Among the supporters of a cabinet- 
level department at that time was George 
Keyworth, the president's science adviser. 
And Roland Schmitt, the president of the 
National Science Board (and vice- 
president for corporate research and de- 
velopment at General Electric) said in a 
talk last winter at George Washington 
University that while he was unsure 
whether a Department of Science and 
Technology was the answer, the present 


organization of science agencies needed to 


be reexamined in the light of a failure to 
provide adequate support for the “science 
base” in the country. Schmitt said that 
NSF had traditionally supplied this base, 
which he said included the training of new 
scientists and engineers as well as research 
on new concepts too risky for industry to 
invest 1n, with help from the “mission 
agencies”. 

But now, he said, the mission agencies 
had become too involved with their mis- 
sions to keep up their end "Maybe what 
we need is not a Department of Science 
and Technology but an NSF that is three 
times the size of the present one", said 
Schmitt. 

Last week, however, NSF officials de- 
nied that the study ordered by Bloch was 
anything more than an "intellectual exer- 
cise” to identify research priorities and 
said that NSF had no wish to take over the 
research responsibilities of other 
agencies. Stephen Budiansky 
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Deep-sea diving 


NEWS 


Japan finds clams and trouble 


Tokyo 

On its second dive to the Tenryu Canyon 
off the Pacific coast of Japan, the French 
deep-sea submersible Nautile struck gold 
with the discovery of colonies of giant 
clams at a depth of 3,830 m, the deepest 
record so far of “vent communities” of 
organisms. But no sooner did news of the 
find break than Nautile sustained serious 
damage when surfacing in rough seas. 
Repairs to the submersible will probably 
take at least a month and may require the 
postponement of the Franco-Japanese 
project Kaiko until next year. 

The colonies of clams were found on 6 
June by Professor Claude Rangin of the 
University of Paris during a dive to the 
deep-sea fan at the mouth of the Tenryu 
Canyon, a steep-sided submarine valley 
that cuts into the accretion wedge of sedi- 
ments being stacked up along the edge of 
the Eurasian plate as the subducting 
Philippine plate plunges beneath Japan. 
The giant clams are up to 15 cm in length 
and have been provisionally identified by 
Dr Suguru Ohta of the Ocean Research 
Institute, University of Tokyo, as 
Calyptogena sp ‚а genus of bivalve typical 
of the “vent communities" of organisms 
reported from mid-ocean spreading ridges 
and the subduction zone off the coast of 
Oregon. 

According to Asahiko Taira, professor 
of sedimentology at the Ocean Research 
Institute, who made a dive to the clam site 
on 10 June, the colonies of Calyptogena 
Sp. are circular, up to 60 cm in diameter 
and contain phenomenal densities of 
clams stacked on top of each other. One 
box core 250 cm? in cross-sectional area 1s 
said to bave contained about 40 living 
clams, and during sampling some were 
crushed in the jaws of the box core releas- 
ing clouds of bright red blood. (The blood 
of vent organisms typically contains large 
amounts of haemoglobin.) On opening 
the box core on deck, a putrid smell was 
given off that made everyone feel sick, but 
hydrogen sulphide, which provides the 
“life-blood” of vent communities at 
spreading ridges, has not been found in 
anomalous amounts within the core and 
overlying waters, according to Dr Taira. 

The colonies are aligned along north- 


east/south-west trending reverse faults . 


associated with subduction and to a lesser 
extent along north/south strike-slip faults. 
The Tenryu Canyon runs along a major 
north/south transcurrent fault system 
which cuts into the mainland of Japan 
along the valley of the Tenryu River. 
Water inside the colonies shows positive 
thermal anomalies of a few tenths of a 
degree centigrade which may arise from 
connate water upwelling along the fault 
planes as the accretion prism of sediments 
flanking Japan is “squeezed” by subduc- 
tion. The clam colonies thus in many rein 








the subduction zone off the Oregon/ 
Washington coast, where it has been sug- 
gested that the vent organisms are 
powered by oxidation of methane con- 
tained in upwelling “old seawater" 
derived from underlying sediments (see 
Nature 313, 339; 1985). 

Other organisms found in the vicinity of 
the clam colonies include squat lobsters, 
gastropods, several of sea anemone and 
polychaete worms, but no giant tube 
worms have yet been found. Dr Ohta 
hopes to present the preliminary biologi- 
cal findings at an international symposium 
on deep-sea biology to be held in 
Hamburg, West Germany, next week. 
The specimens have been divided equally 
between the French and Japanese. 





Cameramen from the Japanese national 
broadcasting corporation, NHK, will now 
be allowed to make two dives on the 
Nautile to film the seafloor. Japan's biol- 
ogists, who have not been included in the 
dive schedule despite predictions that 
"vent communities" might be found (see 
Nature 343; 1985), hope that NHK will 
choose to film the Tenryu Canyon clam 
colonies and perhaps collect some more 
specimens. 

All this, however, depends upon 
Nautile being repaired in time to resume 
operations this summer. The electrical 
circuit of the submersible has been 
damaged and technicians and equipment 
must be flown out to Japan from France. 
At worst the Kaiko project may have to be 
delayed until next year, which could be a 
blessing in disguise as it would open a way 
for biologists to participate in the project. 
A decision on the future of Kaiko is 
expected this week. David Swinbanks 





Soviet science 


Gorbachev calls for new reform 


ACADEMIC institutes in the Soviet Union 
must be "turned around sharply" to con- 
centrate on research which is “technolo- 
gical in its thrust", the Soviet Party leader, 
Mikhail Gorbachev, told the Central 
Committee last week. Among other 
things, he proposed the establishment, 
within the Soviet Academy of Sciences, of 
"integrated, inter-industry scientific and 
technical centres". 

This, in effect, would reverse Khrush- 
chev's reform of almost 25 years ago, 
when its academy was stripped of its 
applied science institutes. Since 1976, 
party plans and directives have increas- 
ingly called for the academy to play a 
greater role in “coordinating” the imple- 
mentation of research. Industrial centres 
of the type proposed by Gorbachev have 
already been established; one example is 
the Paton Electric Welding Institute 
under the aegis of the Ukrainian Academy 
of Sciences. This experience, Gorbachev 
suggested, should now be applied at the 
all-union level. 

This turnabout would not, however, 
mean a decline of interest in pure re- 
search. On the contrary, said Gorbachev, 
it must be given priority, with no quarter 
given to “weakness” or "sluggishness". 
The research potential of the universities, 
in particular, must be better deployed. 
According to "available assessments", 
Gorbachev said, higher education estab- 
lishments could increase the volume of 
their research by between 100 and 150 per 
cent (presumably without additional re- 
sources). Gorbachev's emphasis on the 
academy and university sectors is due, it 
appears, to the poor performance of the 
research establishments of the various 
production ministries. The Soviet Union 
spends 5 per cent of the national income 
on science, almost 90 per cent of that in 








ministry institutes More than half of all 
Soviet scientists work in them, and, 
according to Gorbachev, many of them, 
notably the Ministry of the Chemical 
Industry, have become “overgrown”, with 
too many scientific institutes and pilot 
plants. Yet these are precisely the indus- 
tries where there have been major short- 
comings in developing new materials. 

In his speech last week, Gorbachev 
complained that too many administrators, 
instead of finding a proper solution to a 
problem, shelve the issue by explaining 
that they are “carrying out an experi- 
ment", Gorbachev’s answer 15 to 
strengthen the State Planning Committee, 
and to put into practice Lenin's dictum 
that the committee must be transformed 
into the country’s “economic science 
organ, gathering together major scientists 
and leading specialists". 

On the practical side, he urged that 
since the main weakness of Soviet indust- 
rial research lies in its isolation from pro- 
duction, many of the so-called "indust- 
rial" institutes should be immediately 
amalgamated with production enter- 
prises. An immediate review should be 
carried out of how far the applied research 
institutes correspond to the current needs 
of industry. 

Gorbachev also urged that something 
should be done about the declining pres- 
tige of engineers and the falling recruit- 
ment of talented young people into the 
technical sciences, which seems to have 
alarmed the Academy of Sciences. 
Gorbachev offers no immediate solution, 
but suggested that it may be time for a 
“serious reorganization” of higher educa- 
tion, meanwhile urging “measures to raise 
the social recognition” of engineers and 
technologists, including new pay deals. 

Vera Rich 


NATURE VOL 315 20 JUNE 1985 





Animal rights 


625 





NEWS— 


Battle joined on animal lib 


Los Angeles Н 

CALIFORNIAN investigators whose re- 
search animals have been stolen, whose 
laboratories have been vandalized, whose 
work has been disrupted and whose very 
lives have been threatened by “animal 
liberation" activists, are fighting back. 

Earlier this month, several of them tes- 
tified before a Californian Assembly 
committee on public safety which sub- 
sequently approved a bill that would 
stiffen the penalties for stealing research 
animals. An animal “liberator” currently 
faces misdemeanour charges, punishable 
by up to three months in county gaol and a 
fine, provided the animal is worth less 
than $400 The bill, if passed into law, 
would allow a judge to punish such a thief 
as a felon, with a 16-month to 3-year state 
prison term plus fines, no matter how in- 
expensive the animals. 

“We are addressing the basic problem, 
which is interruption of research", says 
assemblyman William J Filante, a north- 
ern Californian Republican who intro- 
duced the legislation. As the state legisla- 
ture's only physician, Dr Filante said he 
feels an obligation to stiffen the penalties: 
*We are talking about vandalism, terror- 
ism, destruction and theft" 
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of territorial dispute... 


Califorman research facilities are 
threatened by ever bigger and bolder 
attacks, according to Sandra Bressler, 
executive director of the California B10- 
medical Research Foundation. The 
organization was set up last year, she says, 
to educate the public about how and why 
animals are used in biomedical research. 
Calitornia's leading universities, research 
clinics and other health organizations 
have joined the “fight back”. 

The problems began in 1982 when two 
monkeys used in brain research at the 
University of California (UC) at San 
Francisco were videotaped by interlopers. 
The tape was shown in Canada to raise 
money for animal rights groups. In 1983, 
two cats were stolen from a UC Berkeley 








campus psychology laboratory and twelve 
dogs used in cardiovascular research were 
taken from the Harbor-UCLA Medical 
Center in Los Angeles. The dogs, each 
valued at $5,000, wore pacemakers, re- 
search was delayed one year and the tctal 
loss was estimated to be £100,000 

In 1984, there were incidents of animal 
theft and vandalism at UC Sacramento 
and at the City of Hope Medical Center in 
Duarte. A $400,000 cancer study at 
Duarte was set back three years. There 
were also cases of threats and paint- 
spraying at UC Davis and San Diego. 

In January this year, 11 rabbits were 
taken from a Napa county animal shelter 
and the chairman of the department of 
surgery at UC San Diego received a death 
threat. Two months later, the home and 
car of the Los Angeles county animal con- 
trol director were vandalized. And in 
April 467 animals were stolen from labor- 








atones at UC Riverside, ruining eleven 
projects and causing damage assessed at 
$683,000. 

UC San Diego biology professor Mark 
Chappell lost 305 deer mice that he had 
painstakingly bred for five years to study 
variations in haemoglobin. Also in April, 
a student spirited away a cat being used to 
demonstrate premature infant resuscita- 
tion techniques at Stanford University. 

None of the thieves, most of whom 
claim to belong to the Animal Liberation 
Front, has been caught, although there is 
one suspect from the Riverside incident 
and one person has been identified as 
passing on rabbits stolen from the City of 
Hope Medical Center 

The California legislature 1s under con- 
siderable pressure both from the bio- 
medical community, which 1s powerful in 
California, and the animal rights activists, 
who are extremely vocal. Most legislators 
would like the problem to “go away”, said 
an aide to Dr Filante. “But we expect it to 
stay a major issue for a long time. It’ll беа 
big fight ” Sandra Blakeslee 





Plant biotechnology 


Young men go East to Georgia 


Washington 

THE University of Georgia, hoping to 
establish itself as a world-class centre for 
plant biotechnology, has acquired as a Job 
lot a 20-strong research group from the 
University of Colorado. It has also com- 
mitted $5 million over the next five years 
to establish 25 new faculty positions in 
molecular biology. The state of Georgia 
has demonstrated its support with a pro- 


| mise of $32 million fora new biotechnology 


building on the. university’s 
campus at Athens. The newly-hired re- 
search group is that of Peter Albersheim, 
who will be director of the new Center 
for Complex Carbohydrate Research. 
Albersheim let it be known last fall that he 
was planning to leave Colorado: Georgia 
was able to persuade him to Athens with 
an offer of almost 10,000 square feet of 
unused laboratory space in the Richard B. 
Russell Research Building, a facility of the 
US Department of Agriculture (USDA) 
The new carbohydrate research group 
will work in collaboration with USDA 
scientists, and is expected to expand to a 
total staff of up to 40. Another reason 
Albersherm chose Georgia 15 the univer- 
sity’s commitment to expand its biological 
research activities, which (including con- 
tract research) amounted to $75 million 
last year. About half of the promised Z5 
new faculty positions are likely to be in 
Albersheim's group, which brings with it 
from Colorado $1 million in research 
grants Albersheim sees an impending 
golden age for the study of carbohydrates, 
which have tended to receive far less 
attention than other biopolymers. Now, 
he points out, ıt is becoming clear that 
carbohydrates, both individually and 





combined with proteins, play an impor- 
tant role in controlling metabolism and 
may dominate immunological reactions. 
Genetic engineering companies that have 
hithertoconcentratedattentiononproteins 
will in future have to pay more atten- 
tion to carbohydrates, Albersheim be- 
lieves The University of Georgia has long 
nursed aspirations to be renowned for 
something When president Fred Davison 
started looking at the available options, 
plant biotechnology seemed a likely 
choice. 

It is planned that the faculty expansion 
over the next few years will be comple- 
mented by an international Information 
Center for Plant and Animal Bio- 
technology. This scheme, stil rather 
vague, is intended to provide information 
to plant and animal breeders who may be 
aware of the potential of the new biotech- 
nology but who do not know where to find 
researchers working in relevant areas. 

According to Leon Dure, a professor of 
biochemistry at Georgia, there 1s a “dis- 
tinct gap” in the knowledge of plant 
breeders about how recent developments 
might help their work. Dure expects that 
the member institutes of the World Bank’s 
Consultative Group for International 
Agricultural Research, which includes 
crop and animal breeding centres all over 


' the world, will be among the users of the 


new centre In its initial phase the centre 
will concentrate on putting researchers 
and potential clients into contact with one 
another; later, it 15 hoped that more tech- 
nical information, including gene and pro- 
tein sequences and possibly complete 
scientific papers, will be included. 

Tim Beardsley 
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CORRESPONDENCE 


Safety cabinets and AIDS 


Sır — Many laboratory workers will be 
dismayed at the recent recommendation 
from the Advisory Committee on Danger- 
ous Pathogens (ACDP) regarding the use 
of microbiological safety cabinets for the 
acquired immune deficiency syndrome 
(AIDS) agent human T-cell lymphotropic 
virus type III (HTLV-II). In this ACDP 
report’ it is stated: “It is now clear that 
infection with HTLV-III may result in a 
fatal disease for which there is no effective 
prophylaxis or treatment. While there is 
still uncertainty about all the possible 
routes of transmission in the laboratory 
environment, care must be taken to avoid 
the dispersal of aerosols and for some 
work microbiological safety cabinets will 
be required. Because there are reserva- 
tions about the level of operator protec- 
tion which can be maintained by Class II 
cabinets under working conditions, for the 
time being, they must notbe used for work 
with materials which contain the virus." 

In many respects this conflicts with pa- 
ragraph 5, Appendix A of the ACDP 
document Categorisation of pathogens 
according to hazard and categories of con- 
tainment again published in 19842, only a 
few months before the AIDS recom- 
mendations. This appendix states that "In 
certain conditions some Class II cabinets 
will provide a protection factor of the 
same order as Class I cabinets (that is, a 
factor of 10° or better. BS 5726: 1979?). 

Jf it can be shown by in-use tests that 
this level is achieved consistently (as de- 
monstrated by tests carried out at regular 
intervals, the frequency of which will de- 
pend on use) and provided that the local 
safety arrangements will allow, a Class П 
cabinet may be used for some work with 
group3 pathogens where protection of the 
work is essential. . . ." 

In the six years since BS 5726 was pub- 
lished, many laboratories have invested 
heavily in both Class I and H cabinets that 
meet the operator protection require- 
ments of the standard. Cabinet manufac- 
turers have responded well to these re- 
quirements with the result that many 
open-fronted cabinets can consistently 
provide more than the minimum protec- 
tion factor of 10°. In addition, there has 
been a great improvement in the routine 
maintenance and certification of such 
cabinets. Many institutions now require 
certification to the filtration and contain- 
ment requirements of the standard to be 
obtained twice per year for each cabinet. 

The latest ACDP recommendations on 
the use of AIDS material in safety 
cabinets are questionable on two counts. 
In the first place they indict Class IT 
cabinets in favour of Class I types and in so 
doing ignore the fact that Class I types are 
at least as easily disturbed by operator 
movements, by ventilation systems, by 
door movements and by people circulat- 
ing within the laboratory. It is quite possi- 











ble to reduce operator protection factors 
by one to two orders of magnitude by poor 
operator technique and lack of correct dis- 
cipline. 

Secondly, the recommendations totally 
disregard the current performance of 
many new Class II type cabinets which can 
produce consistent operator protection 
factors up to and beyond 10°. It has to be 
remembered that BS 5726 makes no dis- 
tinction between the operator protection 
of Class I and II cabinets — both must have 
factors of at least 10°. 

If there 1s so much uncertainty about the 
virulence of HTLV-III, then the very 
sensible procedures regarding the testing 
of operator protection factor initially out- 
lined by ACDP for Class II cabinets? 
should be just as vigorously implemented 
for Class I types. As the weight of evi- 
dence does not favour transmission of 
HTLV by the airborne route, it 1s difficult 
to understand why Class I cabinets are 
allowed whilst similarly performing Class 
II cabinets are disallowed. Some of the 
work of this laboratory indicates that a 
number ofthe recently produced high per- 
formance Class II cabinets do, in fact, 
have higher nominal protection factors 


and are more resistant to disturbances 
than many Class I cabinets Much of this 
cabinet evaluation work has been pub- 
lished in the scientific literature? and has 
formed the basis for containment policy in 
the Medical Research Council. It 15 naive 
to think that tissue culture work will al- 
ways escape contamination in Class I 
cabinets or that they are intrinsically safer 
than Class II types. The banning of Class 
II cabinets by ACDP for AIDS work 1s 
inconsistent with their other recom- 
mendations and will cause grave difficul- 
ties for laboratory workers who require 
both operator and product protection 
without the difficulties associated with 
Class III cabinets On this aspect of con- 
tainment the ACDP committee should 
think again. R. P. CLARK 
Laboratory for Aerobiology, 

Clinical Research Centre, 

Watford Road, Harrow, 

Middlesex HAI 3UJ, UK 


1 Advisory Committee on Dangerous Pathogens Acquired 
Immune Deficiency Syndrome (AIDS) — Interim Guide- 
lines (Health and Safety Executive, London 1984) 

2 Advisory Committee on Dangerous Pathogens Categorisa- 
поп of Pathogens According to Hazard and Categories of 
Containment (Health and Safety Executive, London 1984) 

3 BS 5726 Specificanon for Microbiological Safety Cabinets 
(British Standards Institution, London, 1979) 

4 Clark, R Р Occupational Hygiene Monograph No 9 (Sci- 
ence Reviews, Northwood, 1983), Phil Trans R Soc 
Lond 8302, 593-604 (1983) 

5 Clark, R P & Hill. J J clin. Path 34, 12. 1404 (1981) 
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Life and death 


Sır — Rapid innovations in the biological 
sciences and technology are creating new 
and difficult ethical problems, as 1s evi- 
dent to readers of Nature from numerous 
articles and letters. Most prominent are 
problems concerned with the early phase 
of the human life cycle. (See for example 
recent letters to Nature on the question 
“When life begins", Nature 314, 492; 
1985.) The “rights” of a human zygote, 
embryo and fetus, but for some reason not 
gametes, seem to evoke strong emotions. 

New problems are also arising about 
when life ends. Problems of organ ex- 
change necessitate a legal definition of the 
death of an individual. 

At another level, what should be the 
status of human cells cultivated in vitro? 
These cells, in common with zygotes, have 
the potential, theoretical at the moment, 
to be regenerated if properly nurtured. 

Further problems are now raised with 
the news of cloning of DNA extracted 
from an Egyptian mummy (Nature 314, 
576 and 644; 1985). 

The unique genome of a human being 
apparently does not die when a person 
stops breathing or when electrical brain 
activity ceases. 

The DNA molecules can be extracted 
and under proper conditions can be repli- 
cated. Thus by at least some definition of 
living matter the DNA is "alive". If the 
DNA 1s still alive, should we not change 
our accepted procedures of disposing of 
human corpses? 

I suggest that the procedure of crema- 











tion, sometimes associated with the saving 
of the ashes as a memorial, is improper. 
Instead it would make much more "biolo- 
gical sense" to save at least a sample of 
DNA from the deceased. 

I envision *mausoleums" where sealed 
test tubes containing these DNA samples 
will be kept as an appropriate memorial to 
individuals With the rapid progress of 
biotechnology, the potential for “resur- 
rection" of at least some on one's traits is 
not remote. 

AHARON GIBOR 
Biology Department, 
University of California, Santa Barbara, 
Santa Barbara, California 93106, USA 





Cows and goats 


Sır — While Andrew Hill (Nature 315, 
222; 1985) shows deep understanding of 
the evolution of early African Homin- 
oidea, his knowledge of Kalenjin nomen- 
clature appears limited. 

John Kimengich is surely John 
Kimngetich, which in Kalenjin means 
“born between 10 and 11 a.m. when the 
cows leave the cattle enclosure”. 

I am sure Dr Hill appreciates how in 
Kalenjin, as 1n English, omitting certain 
letters, for example the “o” from homin- 
oid, can dramatically alter the sense. 

Monique BORGERHOFF MULDER 
(born between 9 and 10 a.m when the 
goats go out, also known as Chemngeno) 
Tabarit village, 
PO Gorgor, 
Sotik, 
Kericho, Kenya 


CAMBRIDGE 


Now tn paperback 
The Dawn of Animal Life 
A Biohustorical Study 


M. F. GLAESSNER 


This book examines the origin of the present diversity of marine 
1nvertebrate animals and places the evolutionary sequences of early 
organisms in the context of the geological time scale 


‘A unique, up-to-date evaluation of Late Precambrian Life’ 
0521312167 
Cambridge Earth Science Series 


Nature 
Paperback £9.95 net/$19.95 


Evolution 
Essays in Honour of John Maynard Smith 
Edited by P.J. GREENWOOD, P. H. HARVEY and M. SLATKIN 


A collection of new and highly original essays, all of which were inspired 
by Maynard Smith's writings They range from micro to macroevolution, 
from ESS to sympatric speciation, and from population processes in 
plants to the arithmetic of assessment 1n animals 


052125734 4 £30.00 net/$49.50 


The Background of Ecology 
Concept and Theory ; 
ROBERT Р. McINTOSH 


A critical and up-to-date review of the development of ecology, with 
emphasis on the major concepts and theories shared in the ecological 
traditions of plant and animal ecology, hmnology, and oceanography 


O521 24935 X £30.00 net/$39.50 
Cambridge Studies in Ecology 





Nature’s Economy 
A History of Ecological Ideas 
Second Edition 

DONALD WORSTER 


A wide-ranging investigation of the origins of ecology as a concept and 
the thinkers who have shaped it, showing how it 1n turn has shaped the 
modern perception of our place in nature 


' „highly readable and absorbing ' Ecology 
052126792 7 Hard covers £25.00 net/$34.50 
052131870 X Paperback £7.95 net/$9.95 


Studies in Environment and History 


Physiological Ecology of Lichens 
K. A. KERSHAW 


This book provides a critical appraisal and selective review of the 
considerable advances which have been made in lichen physiological 
ecology over the last 20 vears 


052123925 7 
Cambridge Studies in Ecology 


£30.00 net/$59.50 


Practical Estuarine Chemistry 
A Handbook 
P.C. HEAD 


This ts an introduction to the techniques currently used to collect and 
interpret chemical data from estuaries It 1s written for use by any 
scientist who needs to obtain or interpret estuarine chemical data 


0 521 30165 3 £25.00 neU $54.50 
Estuarine and Brackish-Water Sciences Association Handbook 


Ps Cambridge University Press 





Reader Service No.4 

























The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU, Engíand 
32 East 57th Street, New York NY 10022 


u^ a" a" a" a" n 
(XC CUSCO IN DÜSSELDORF. 

Lt a WW October 15 to 17, 85 
Pa oca a a s e 6 a a" 


NEW TECHNOLOGY KJ 
























and Gene Technology — will be 
presenting a concentration of 
innovations along with the 
current status of enzyme tech 
nology and microbial genetic 
engineering 

Wellknown scientists from 
USA, Japan and Europe will be 
attending Major companies 
from R &D and industry will be 
presenting their work ina Lobby 
Show 

BIOTEC will prove of strong 
interest to food technologists, 
plant growers, pharmaceutists, 
biochemistsand enzymologists 
Theeventwillalsoattractyoung Ж 











































Reader Service No.42 





scientists 
For further information please 





contact Dusseldorfer Messe nan 
gesellschaft mbH — МОМА ~ nue 
PO Box 32 02 03, е 
D 4 Dusseldorf 30,W Germany | 9 9 
Telephone 2 11/45 601, ае 
Telex 8584 853 mesd s 
°„* 
БУ NOWEA >, 
ad} DUSSELDORFER MESSEN, ӘӘ 





a OR ESSE a a nea 











Where 
iotechnolog 


companies 
find the 
key to life 





semen uljevertreae 
for high-tech business. m ES к 
aak ЕСП ДОС. 


with ultra modern buildings | 
and land for customised factories. Rents start at £35 De) [s | - 
a week and qualifying companies can benefit from ` 
maximum tax-free grants. Scientific support and 
advanced research facilities are available from Liverpool University and 
Polytechnic. And Wavertree couldn't be better situated, with excellent 
road, rail, air and sea links. | "A | 

So if you're in high-tech, why aren't you in Wavertree? 

Ring Stanton Fuller on 051-228 2722 for more information. 





‘Wavertree Technology Park, Dryden Road, Liverpool L7 9PG. Tel: 051-228 2722 


Reader Service No.43 


NATURE VOL 315 20 JUNE 1985 





627 





NEWS AND VIEWS 


Periodic extinctions undermined 


Last year's fashion for explaining a supposed 16-million-year periodicity in mass extinctions of 
species has been made to seem а little spurious. Defining a mass extinction is a more urgent need. 


Tuose who, last year, were enthustasti- 
cally speculating on the mechanism that 
might have been responsible for mass ex- 
tinctions of living things at intervals of 26 
million years will be given uncomfortable 
second thoughts by the article by Antoni 
Hoffman on p. 659 of this issue. Foron the 
face of things, Hoffman has undermined 
the assumption on which all the excite- 
ment was based, the belief that there is a 
26 million year periodicity to be ex- 
plained But human nature being what it 
15, 1t seems unlikely that the enthusiasts 
for catastrophism will now abandon their 
quest 

What Hoffman has done is to re-- 
examine the palaeontological data on 
which rests the supposition that there is, 
or at least has been, a regularity in the 
timing of mass extinctions. The data con- 
sist of a catalogue of disappearances from 
the fossil record of families of marine 
animals compiled by J.J. Sepkoski and 
published, during 1982 and 1983, in the 
journal put out by the Milwaukee Public 
Museum. The first analysis of this material 
appeared in February 1984, in a paper by 
D.M. RaupandJ J Sepkoski (Proc. natn. 
Acad. Sci, US A. 81, 801-5, 1984). It 
advanced the conclusion that mass extinc- 
tions of marine animals have taken place 
at times ın the geological past separated by 
intervals of 26 million years or an integral 
multiple thereof 

That Sepkoski's original data may not 
be robust enough to support this dramatic 
conclusion has always been a possibility, 
as Raup and Sepkoski themselves ack- 
nowledged The most obvious difficulty is 
the unavoidable uncertainty in assigning 
absolute ages to the successive geological 
stages recognizable only by the fossil 
assemblages that define them. For the 
past 100 million years, including the Cret- 
aceous/Tertialy transition at 65 million 
years, the dating of the stages 1s reason- 
ably good, with the result that most geo- 
logical chronologies are consistent during 
that period, but disagreement is rife for 
earlier times. Raup and Sepkoski gave 
reasons, in their paper, for adopting the 
chronology due to W.B. Harland, the first 
column (labelled a) in Hoffman's Fig. 1 
shows how the times of mass extinctions 
would have been changed if they had fol- 
lowed another equally plausible chrono- 
logy 

The nub of Hoffman's argument 15, 
however. more subtle. Because palaeon- 
tological stages are defined by their fossil 





assemblages, each must differ from its 
predecessor and its successor by the app- 
earance or the extinction of at least one 
family. So, Hoffman argues, distinguish- 
ing between a normal stage and one that 
qualifies as one of mass extinction 
requires the consistent application of 
some objective criterion. He would prefer 
acriterion based on the rate or probability 
of extinction per unit time (say a million 
years) rather than one based on counting 
the number of family extinctions in a 
stage, which he says is biased towards 
periodicity. 

$o much is evident in the work of Raup 
and Sepkoski, where it is a necessary con- 
dition for associating a particular stage 
with a mass extinction that the number of 
families extinguished should be greater 
than in the preceding and succeeding 
stages. The effect of that 1s to exclude the 
possibility that consecutive stages could 
be associated with mass extinction, which 
is bound to prejudice the analysis towards 
a periodic interpretation Indeed, 
Hoffman argues, if the probabilities of ex- 
tinction in successive stages are entirely 
independent, simply looking for peaks in 
the record of extinctions implies а one-in- 
four chance that any stage will be recog- 
nized as a time of mass extinction and, 
given the exclusion of the possibility that 
consecutive stages may be thus described, 
the analysis is certain to yield the con- 
clusion that, on the average, extinction 
peaks occur every four stages. This, says 
Hoffman, 15 the ongin of Raup and 
Sepkoski's periodicity. : 

The chief effect of this argument will be 
to emphasize how tricky is the concept of 
mass extinction. To be fair, many of the 
pitfalls were acknowledged by Raup and 
Sepkoski. The plain truth is that the dis- 
appearance of one or several families of 
genera from the fossil record cannot be 
counted as proof of a mass extinction, in 
the ordinary meaning of that term, with- 
out much more detailed scrutiny of the 
data than mere enumeration. How abrupt 
was the transition? Did all species dis- 
appear simultaneously, or can something 
be learned of the nature of the extinction 
from the sequence 1n which they disap- 
peared? And since there aré many pos- 
sible causes of the extinction of species, 
genera and even whole families, ranging 
from evolutionary competition and cli- 
mate change to external influences such as 
are involved in cometary or other impact, 
what can be said about the mechanism? 











The need to give at least partial answers to 
these questions should now be plain. 

Where does this cautionary tale leave 
the explanations constructed to account 
for periodic extinctions, particularly for 
that which seems to have carried off the 
dinosaurs at the Cretaceous/Tertiary 
boundary? One conclusion that stands out 
from Hoffman’s argument is what he calls 
the Maestrichtian stage at the end of the 
Cretaceous was, by all the different crit- 
eria applied, an extinction period. 

Thanks to the work of the Alvarezes, 
father and son, and their associates, this 1s 
also recognizable by the world-wide pre- 
sence of material rich in indium at the 
physical boundary between the Creta- 
ceous and the Tertiary The most compel- 
ling evidence that this material came from 
the impact of some extraterrestrial object 
with the Earth 15 the finding of cracks 
caused by explosion stresses in a high- 
pressure phase of quartz associated with 
the iridium layer (B. F. Bohor et al. 
Science 224, 867-8; 1984). The case for 
this impact 1s strong (and would be even 
stronger if there were some trace of where 
i: may have happened), but cautious 
people will insist that there 15 as yet only 
circumstantial evidence that the impact 
caused the extinction. 

By contrast, the explanations of period- 
icity in the pattern of extinctions assume a 
somewhat academic character, which 1s 
not the same as saying they are uninterest- 
ing The most plausible source of material 
hitting the surface of the Earth is the 
distant ring of comets called the Oort 
cloud, from which material may be 
ejected towards the inner Solar System 
either by the perturbations of an unseen 
companion of the Sun (called Nemesis) or 
by perturbations of the Solar System 
caused by its periodic passage through the 
plane of the Galaxy. 

Last year’s rush of explanation has in- 
deed thrown light on questions such as the 
stability of the Oort cloud, and of distant 
(end hypothetical) elements of the Solar 
System But the case for Nemesis has now 
wilted. And those who are attached to the 
notion that extinctions are caused by the 
oscillations of the Solar Svstem above and 
below the plane of the Galaxy. among 
whom Clube and Napier (see Nature 283, 
455, 1979) seem to be the first, mght now 
usefully turn the problem around, and ask 
what happens to the Solar System on these 
excursions through the galactic plane 

John Maddox 
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Transgenic animals 


New advances in the field 


from Robin Н Lovell-Badge 


INsEcTION of new genetic material into 
fertilized mouse eggs followed by de- 
velopment of the eggs into transgenic mice 
in foster mothers has become an almost 
routine tool in the analysis of a wide range 
of biological problems'. If the same tech- 
nique could be used for farm animals it 
could be of great practical and economic 
importance, allowing the transfer of 
characteristics from one breed to another 
much more rapidly than by conventional 
breeding. More dramatically, it could 
allow ^ genetic transfer between 
species. The paper by Hammer et al. ? on 
page 608 of this issue is the first demon- 
stration that it is indeed possible to use 
microinjection to obtain integration into 
the genome, and in some cases express- 
ion, of exogenous DNA in large mammals 
— namely rabbits, pigs and sheep. 

To work with large domestic animals 
rather than mice requires a considerable 
investment, particularly in the number of 
animals required While it 15 normal to 
obtain up to 40 eggs from a single super- 
ovulated mouse, a ewe gives on average 
only three or four. Reimplantation of 
manipulated embryos may pose an even 
greater problem. Even though most will 
not survive, mice can tolerate up to 20 
offspring, whereas sheep and cattle will 
not give birth to more than two. The 
occurrence of freemartins would be an 
additional problem with cattle. 

These considerations have presumably 
influenced the selection of species used by 
Hammer et al. Pigs offer advantages be- 
cause they are multiparous, sheep are an 
example of a difficult species and rabbits, 
while a reasonably convenient laboratory 
animal (and many a farmer’s nightmare), 
are similar to pigs and sheep in many 
aspects of their early embryonic develop- 
ment. It is also essential to choose tech- 
niques that are efficient. It 1s clear from 
microinjection of tissue culture cells? and 
mouse embryos that transformation fre- 
quency is very low unless DNA is injected 
into the nucleus. But the eggs of many 
domestic animals have such an opaque 
cytoplasm that it is impossible to see their 
ргописіе or nuclei with conventional light 
microscopy. DNA-specific fluorochromes 
have been used to visualize nuclei in early 
bovine embryos‘, but the damage induced 
by ultraviolet light can severely com- 
promise their development. 

For sheep embryos, Hammer and col- 
leagues have solved the problem to a large 
extent (but see below) simply by the use of 
interference contrast microscopy. More 
drastic procedures were necessary for the 
pig. Centrifugation of the embryos at 
15,000 g for three minutes separates the 








cytoplasm into three layers. Most droplets 
and granules, corresponding to the lowest 
buoyant density but greatest optical den- 
sity, are found at one pole. The equatorial 
region contains a band of small clear drop- 
lets and the remaining half of the zygote 
has a translucent appearance. Nuclear 
structures may be found in either of these 
regions and are therefore clearly visible. 
The centrifugation of the pig embryos 
seems not to affect their subsequent de- 
velopment. It may also be a useful techni- 
que for other species, notably cattle, to 
allow experiments involving nuclear 
transfer for investigating the possibility 
of clonmg", or parthenogenic develop- 
ment, of farm animals. 

The gene chosen by Hammer et al. for 
injection into the nuclei of embryos of all 
three species is the mouse metallo- 
thionein-human growth hormone fusion 
gene that has been used in the same 
laboratory (Ralph Brinster's) for experi- 
ments with mice 9?. In each case about ten 
per cent of the injected embryos survived 
to term after reimplantation into foster 
mothers. The frequencies of fusion gene 





integration in the rabbit (12.896) and pig 
(11.0%). although lower than the overall 
frequencies in mice (about 27%). are 
good, and other workers using these 
species will be much encouraged. 

By contrast, the results with sheep are 
disappointing. Only one out of the 73 
foetuses or newborn carried the injected 
fusion gene and even then it was obviously 
deleted or rearranged. It 1s conceivable 
that sheep embryos lack the appropriate 
mechanisms that fortuitously integrate ex- 
ogenous DNA, but it seems more likely 
that some aspect of the technique needs 
refining. Perhaps more copies need to be 
injected and perhaps the visualization of 
the pronuclei needs to be improved (nuc- 
lear structures were not seen in a propor- 
tion of fertilized sheep eggs and these may 
correspond to more 'receptive' stages). 
Otherwise it may be necessary to adopt 
alternative strategies such as the use of 
retroviral gene vectors that are just begin- 
ning to work with mice. 

Ovulation and fertilization are not v ry 
synchronous in the rabbit, pig and sheep, 
so it was necessary for Hammer et al. to 
inject embryos that ranged from 1-cell to 
4-cell stages. For mice, even when the 
injections were at the ргописіеа: 1-cell 
stage, some of the transgenic animals were 
mosaic, presumably because gene integra- 
tion was delayed. When this mosaicism 
was in the germline, few  offspri Р 
inherited the introduced gene sequence! 


еза BARGES BM RISES REE ck cili 


Japanese gold in atomic motion 


Use of a high-resolution electron mircoscope and video recorder has allowed the first 
real-time recordings of the motion of individual atoms. The pictures above show an 
ultra-fine particle of gold (18 A across and containing about 500 atoms) photographed 
using the new technique by Sumio lijima, a group leader in Japan’s ERATO ultra-fine 
particles project (see Nature 305, 373; 1983). It can be seen that the shape of the 
particle changes over time, in discrete steps from top left to bottom right with all the 
gold atoms making up the ultra-fine particle moving cooperatively to form various 
crystalline structures. The gold atoms in ultra-fine particles thus seem to behave in a 
‘quasi-solid’ manner with some properties like those of a liquid—one gold particle can 
even 'swallow-up' a smaller о опе. These phenomena await theoretical explanapon. 
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It will be interesting to see if the same 
result emerges from breeding studies of 
the transgenic pigs and rabbits. 

Expression of the fusion gene was 
observed in some of the transgenic rabbits 
and pigs, with a variation between indi- 
viduals similar to that in mice and presum- 
ably due, at least in part, to different in- 
tegration sites 8, Further work will be 
necessary to show that the mouse metal- 
lothionein promoter works ‘correctly’ 
in rabbits and pigs, although 1t seems 
likely that the rules governing expression 
of exogenous genes in mice will be gener- 
ally applicable to other mammals. Let us 
hope so, because it would be useful to 
derive transgenic mice to test the suitabil- 
ity of particular gene constructs before in- 
troducing them into farm animals. 

It has long seemed likely that it would 
be possible to introduce genes into farm 
animals, and many groups around the 
world, often with considerable investment 
behind them, are attempting to do so. 
What are the potential gains? Some of the 
most obvious are improved efficiencies in 
reproductive performances and weight 
gain, increased disease resistance and 
changes in wool texture The introduction 
of extra growth hormone genes would be 
one way to increase growth but, although 
the results with mice have been 
dramatic ë, there has been no effect so far 
on pigs or rabbits”. It may be possible to 
produce transgenic animals with an in- 
creased rate of ovulation by, for example, 
increasing their gonadotrophin or lower- 
ing their oestrogen levels!!. (Impaired fer- 
Пу was an unexpected characteristic of 
some of the growth-hormone transgenic 
тісе!?.) It may also be possible to increase 
ovulation rate with specific genes such as 
the Booroolla gene of sheep; the action of 
this gene is not entirely clear, but it may 
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increase the sensitivity of granulosa cells ' 


to follicle stimulating hormone so that 
follicles mature when smaller? The asso- 
ciation of specific histocompatibihty anti- 
gens with particular diseases suggests that 
it may be possible to introduce non- 
associated alleles to induce resistance. 
Another possibility 1s the introduction of 
keratin genes to alter the properties of 
wool or hide. 

Finally transgenic farm animals could 
be used to carry novel gene constructs as 
production systems for biologically and 
clinically important peptides and proteins. 
This should be particularly useful where 
expression in mammalian cells is required 
to give appropriate post-translational 
modification, or where the gene products 
are difficult to purify 1n other expression 
systems. It should, for example, be possi- 
ble to use appropriate promoters to en- 
sure that the introduced genes are ex- 
pressed in the mammary glands of sheep 
or cattle, so that the gene products can be 
isolated from milk. Lest anyone should 
think this idea as silly as is that of convert- 
ing the forelimbs of sheep into needles so 
they can knit, they should be aware that 
the use of silkworms for the production of 
interferonhasjustbeenreported^. O 
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Protein folding 


. . . yet there is method in't 


from Roger Pain 


THe mechanism of protein folding has 
developed from a purely fundamental 
study into one which is also crucial to the 
recovery of proteins made by biotech- 
nological means in microorganisms. 
While the patent literature shows that 
some degree of success can be achieved by 
empirical approaches, further improve- 
ments in the economy, scale and efficiency 
of protein recovery can be expected once 
the refolding pathway is better defined 
Since the rate at which folding occurs in 
vtvo provides one of the major constraints 
on any theory, in vitro kinetics have been 
studied intensively. Much of this work has 
been centred on ribonuclease (RNase) 
and its progress has been followed in these 
columns!*, But now there are some new 
twists to the tail 

It ıs because its amino-terminal surface 





helix should constitute a revealing model 
for formation and association of a well 
defined element of secondary structure 
with a larger protein fragment that RNase 
has received so much attention. An added 
advantage is that one can compare RNase 
A, which is a single polypeptide chain, 
with RNase S, in which the helix, or “S- 
peptide", is associated with the 
remainder, or “S-protein”, only by non- 
covalent forces following cleavage of the 
chain between residues 20 and 21. 

Not surprisingly the observed kinetics 
of unfolding and refolding are frequently 
biphasic or more complex but, confus- 
ingly, such kinetics cannot be assigned to 
conformation changes alone. Brandts and 
colleagues have shown that the existence 
of at least two unfolded states, which 
contain different proline isomers and are 











indistinguishable by accessible spectro- 
scopic techniques, would lead to multi- 
phasic kinetics, even if the actual folding 
process were simple and monophasic‘. In 
the absence of conformational con- 
straints, proline distributes itself between 
the cis and trans 1somers with half times of 
a few minutes; folding to a conformation 
requiring a unique isomer will result in 
biphasic kinetics from fast and slow re- 
folding forms: 


slow fast 
Us == Ur == м (1 


where Us and Ur are unfolded forms, and 
N is the native protein. 

The characteristic feature of this theory 
is that proline isomerization occurs in the 
unfolded state. Subsequent experiments, 
initially from Baldwin’s group, were inter- 
preted as showing that proline iso- 
merization can occur in a collapsed, 
partially-folded state I according to the 
scheme: 


Us z— Ur 


li 1} 


[ome ьш 


(2) 
where the intermediate form I, contains 
incorrect proline isomers and I, contains 
native proline isomers. In this sequential 
model, the slow phase of the kinetics 
arises from the existence of conform- 
ational intermediates as well as from 
proline isomerization’, It is further 
claimed by Baldwin’s group that 
isomerization can be speeded up in the 
condensed phase (I; == Lj). Schmid 
has suggested that an enzymically-active 
folded state, which he showed to be an 
intermediate on the folding pathway, con- 
tained an incorrect proline isomer’. 

Part of the difficulty in resolving these 
opposing views lies in the lack of methods 
which enable each intermediate to be fully 
charactenzed and each kinetic phase to be 
assigned to a particular molecular trans- 
ition. While, for example, NMR has been 
used to follow the cis-trans isomerization 
in small peptides, 1t has not yet been suc- 
cessful in proteins In 1983, Brandts (with 
Lin) returned to the disputation with an 
elegant method for following the kinetics 
of proline isomerization: cleavage by 
certain proteinases of the bond between 
proline and its neighbour in a polypeptide 
is dependent upon the isomeric state of 
the proline, allowing the proportion of cis 
and trans isomers to be estimated as a 
function of time for a particular proline 
residue*. Lin and Brandts show that pro- 
line 93 is 100 per cent crs in native RNase 
A but only 70 per cent cis in the reversibly 
unfolded protein. Under refolding condi- 
tions, the relaxation time for isomeriza- 
tion from 70 per cent to 100 per cent cus 15 
90 s at 10°С Parallel measurements of 
regions of ribonuclease activity showed 
that 30 per cent of the activity 1s recovered 
in 2 slow phase with a relaxation time of 
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100 s The agreement of amplitude and 
rate shows that the slow phase in the 
recovery of activity is rate limited by the 
isomerization of proline 93, and argues for 
refolding taking place only from chains in 
which that proline is in the native cis form 

Lin and Brandts have now studied two 
more of the four proline residues in ribo- 
nuclease Proline 117 is most probably 
completely trans in both native and 
unfolded states and therefore will make 
no contribution towards kinetic comp- 
lexity. On the other hand proline 114 is 
completely cis in the native protein and 50 
per cent cis in the reversibly unfolded 
state, which correlates with the low- 
amplitude slowest refolding phase This 
residue must be in the cis configuration for 
the protein to regain activity”. 

The major fastest phase of the refolding 
kinetics is thus unaccounted for and the 
isomerization of proline 42 has yet to be 
investigated — the experiments will be 
slow and tricky While Lin and Brandts 
are willing to acknowledge the existence 
of the non-native active intermediate their 
view is that, if it accounts for the major 
refolding phase, it is unlikely to involve 
proline isomerization. In support of this, 
they quote unpublished work of Fisher 
et al. This group has punfied a new en- 
zyme, peptidylprolyl-cis, trans-isomerase!?, 
which catalyses the kinetic steps assoc- 
lated (by Lin and Brandts) with isomer- 
ization of prolines 93 and 114 but has no 
effect on the major fast phase. Does this 
enzyme require the ribonuclease to be 
unfolded in order to catalyse the isomeri- 








100 years ago 


An excellent opportunity of observing the 
aerial means of propulsion in the flying fish was 
afforded me during a stx days’ calm lately when 
crossing the Bay of Bengal This must be my 
excuse for again touching this subject I watch- 
ed day by day some hundreds rise under the 
bows of the ship The water surface was a glassy 
calm As each fish rose it spread its wings at 
once, apparently beating the surface with them 
two or three strokes before they steadied out. 
The tail which, of course, under water was in 
rapid motion, to escape from the ship, now 
gave ten or a dozen rapid beats, which could be 
counted by the nipples on the still surface, and 
the fish was off in aerial flight As each fish lost 
the impetus of the first rise, which generally 
happened at about forty yards, the binoculars 
showed us the anal fins, which had till now been 
fully extended, drooping to feel the water As 
Soon as the surface was felt the tail was quickly 
introduced, and five or six smart strokes, also 
indicated by ripples, brought the impetus up 
again and carried the fish about another thirty 
yards, when another droop sent it on again, and 
so forth, some of the older fish travelling in this 
way 400 to 500 yards. 

From Nature 32 147, 18 June 1885 
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zation of proline, offering support for the ! 


Brandts model? To add to the confusion, 
Schmid, Buonocore and Baldwin!! have 
not only further confirmed their sequen- 
tial model but have also strengthened the 
evidence that the major phase shows the 
characteristics of proline isomerization. 

On a slightly different tack, a further 
advance in assigning kinetic phases to 
distinct regions of the ribonuclease struc- 
ture has come with the discovery by 
Labhardt that the S-peptide and S-protein 
fragments of RNase S can be distinguished 
by circular dichroism"". From the kinetics 
of conformational changes of both the S- 
peptide and the S-protein during their 
association and  refolding reactions, 
Labhardt comes out firmly in support of a 
sequential type of folding pathway. Intri- 
guingly, his experiments show that the S- 
protein folds (to a form as yet uncharac- 
terized) in a fast phase before the 
S-peptide folds to its native helical struc- 
ture. This fast phase corresponds to 65 per 
cent of the total change, greater than the 
proportion of fast folding species Up in 
scheme 2. The folded form must corres- 
pond in part at least to 1}. 

Since Labhardt has already shown that 
recombination between S-peptide and S- 
protein occurs fast and very early in the 
folding pathway of RNase SP, we have to 
envisage, contrary to most previous exp- 
ectations, that the association between 
these two regions occurs at a stage when 
the S-peptide, and possibly the S-protein, 
possess no native-like conformation This 
would be in keeping with the poorly 
hydrogen-bonded associated species 
detected by NMR". If Labhardt’s results, 
obtained with a relatively ‘simple’ system, 
are of general application, the model of 
‘flickering clusters’ of secondary and 
super-secondary structure, which assoc- 
late to be stabilized in the native conform- 
ation, will have to be considerably 
revised. 

The circular dichroism results have also 
raised a problem relating to the unfolding 





kinetics. The unfolding rates for RNase $ 
and S-protein, which have been followed 
by monitoring changes specifically in the 
S-protein moiety, parallel the formation 
of the slowly refolding species Us which 
contains non-native proline isomers 
(scheme 2). The random isomerization of 
proline to form Us had previously been 
thought to occur in the spectroscopi- 
cally ‘silent’ reaction (Up — Us) but 
Labhardt’s results suggests that, їп terms 
of the model of scheme 2, there must be a 
rate-limiting proline isomerization L—1I,' 
which is faster than I,>U,’, followed by a 
rapid conformational unfolding 1;—U,. 
Alternatively, the rate determining step 
is a conformational unfolding I,->U,’ fol- 
lowed by a rapid isomerization to Us. 
Neither alternative fits easily with the 
expected relative rates of these processes. 
The frustrating aspect of the whole 
question of proline isomerization is that, 
however the issue 1s resolved, it will tell us 
nothing about the actual mechanism of 
protein folding. Though it is becoming 
possible to see some of the detailed pro- 
cesses at work in the folding of ribonucl- 
ease, the methods have not yet overcome 
the kinetic madness of the system. [1 
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Astronomical spectroscopy 


Interstellar space contains 
the largest encountered atoms 


from Мат D Watson 


OBSERVATIONS published on page 647 of 
this issue’, in conjunction with recent 
Soviet publications”? highlight the pre- 
sence of extremely high Rydberg states — 
in which the outer electron of an atom has 
been excited to very high energies — in 
the interstellar medium. These results 
confirm and significantly extend recent 
identifications*” of spectral lines at radio 
frequencies an order of magnitude lower 
than those at which lines had previously 
been detected. Discoveries of new lines at 
radio wavelengths have until now tended 





to be associated with the high-frequency 
(millimetre and submillimetre) end of the 
spectrum. 

Because of the appearance of several 
lines in the low-frequency series, it is clear 
that they result from radiative transitions 
involving extremely high Rydberg states 
(or radio-recombination lines) апа 
changes of one unit in the principal quan- 
tum number of the state (alpha transi- 
tions). The lowest frequency at which 
these lines have been detected corres- 
ponds to the 732 alpha transition, which 
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indicates that the largest atoms that have 
yet been directly encountered in any en- 
vironment are present (the radius of the 
Bohr orbit for a principal quantum num- 
ber of 732 is 0.003 cm). These spectral 
lines are almost certainly due to atomic 
carbon. 

There is evidence of pressure broad- 


ening in the new observational data. This | 
phenomenon has not been detected pre- | 


viously at any wavelength in spectral lines 
associated with the interstellar gas clouds. 
Taken together for the first time, pressure 
broadening and the change from emission 
to absorption which is evident in recom- 
bination lines provide new diagnostic 
methods to delineate physical conditions 
of interstellar gas clouds. These clouds 
provide information about the process of 
star formation. 


Radiofrequency transitions of atoms | 


between adjacent or nearby Rydberg 
states with large principal quantum num- 
bers have commonly been observed in 
astronomy since their first detection in the 
1960s. Studies of these radio-recom- 


bination lines have had an impact on | 
several astronomical issues^ including, | 


for example, the abundance of helium 
(which has cosmological importance) and 
the physical state of the star-forming gas 
(molecular cloud). They are observed pri- 
marily in the diffuse gas of our Galaxy, in 
either the hot, ionized gas of H и regions 
where lines of hydrogen and helium are 
seen or in the mostly neutral, cold gas of 
molecular clouds where the lines of car- 
bon and sulphur are found. Before the 
prediction in 1959 by N. S. Kardashev that 
radio-recombination lines should be de- 
tectable, it was not appreciated that tran- 
sitions between states with very high prin- 
cipal quantum numbers could be observed 
without overlap because of line broad- 
ening. High Rydberg states of atoms are 
also of interest to atomic physicists (see, 
for example, ref. 7). 

Until recently, the principal quantum 
numbers of the radio-recombination lines 
ranged from about 40 to 300. As con- 
firmed by the new observations, the range 
of principal quantum numbers that can be 
involved and the characteristics of observ- 
able transitions have been dramatically 
expanded. The current data substantiate 
the earlier proposal" that spectral features 
detected at frequencies near 26 MHz in 
the direction of Cassiopeia A by A. A. 
Konovalenko and L. G. Sodin? should be 
indentified as radio-recombination lines 
(alpha-transitions) involving the principal 
quantum numbers 630-640 of neutral 
atoms of an element other than hydrogen 
or helium. Except for these two elements, 
the isotope shifts are not large enough 


compared with the breadth of the lines to | 


make a unique identification based on fre- 
quency alone. General considerations, 
as well as the association of these features 
with concentrations of neutral gas, strong- 
ly suggest that the atoms in question are 


carbon atoms. Carbon is the most abun- | 
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dant element for which the ionization 
potential is lower than that of atomic hyd- 
rogen. Thus, it can occur primarily as C* 
because of ionization by starlight in re- 
gions where hydrogen is in neutral form. 
The high Rydberg states involved in radio- 
recombination lines are populated pri- 
marilv by the recombination of free elec- 
trons with the ions. 

The recent observational studies! re- 


port the detection of the series of recom- — 


bination lines far beyond the 26 MHz re- 
gion described previously. In the direction 
of the radio source Cassiopeia A, the 
series is found to continue down to 16.7 


| MHz (732a) and up to 68 MHz (456a). 


Analogous, but more limited, sequences 
of such radio-recombination lines have 


| now also been detected in several other 


directions in the Galaxy. 

The idea of such ‘large’ atoms is, in 
itself, fascinating. As a result of the very 
weak binding of these Rydberg electrons, 
they interact strongly with their environ- 
ment — that is other particles and radia- 
tion. One consequence is the observa- 
tion of line breadths which exceed that 
due to Doppler broadening, the broaden- 
ing presumably resulting from collisions 
with free electrons. 

With increasing principal quantum 
number, the rate for collisionally induced 
transitions increases rapidly, whereas the 
loss rate from the Rydberg states due to 
spontaneous, radiative decays decreases 
at a comparable rate. The net effect is a 


greatly enhanced tendency for the excita- | 


tion temperature of the very low-fre- 
quency recombination lines to approach 
the kinetic temperature of the gas. As a 
result, this new class of recombination 
lines has only been detected as absorption 
features in the spectrum of background, 
continuum radio emission. In contrast, at 
the lower principal quantum numbers 
(x 300) the populations of the states are 


expected to be inverted. Before the recent — 


studies involving principal quantum num- 


bers greater than about 450, radio- | 


recombination lines had, in fact, always 
been detected as emission features. Thus, 
there is a change from emission to absorp- 
tion that occurs with increasing principal 
quantum number. For alpha-transitions 
and representative physical conditions, 
the predicted transition tends to occur 
near 400 (ref. 8). The critical principal 
quantum numbers at which the change 
occurs do depend upon the physical condi- 
tions; hence, additional information for 
delineating the physical conditions of 
interstellar gas clouds can be obtained. 
Although the first detection of pressure 
broadening and the change from emission 
to absorption by recombination lines are 
the most striking features of this new class 
of spectral lines, more detailed theoretical 
and observational studies may elucidate 
additional effects of diagnostic value for 
interstellar gas clouds. The relative im- 
portance of various physical effects associ- 
ated with Rydberg atoms tends to increase 
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The giant Amazon leech, Haementeria 
ghilianii, which grows up to 0.5 metres in 
length. Its salivary gland secretes the 
specific fibrinolytic enzyme hementin 
and other biologically active substances 
of potential scientific and medical use. 
The gland provides a unique preparation 
for studying excitation-secretion coup- 
ling in single cells, because the cells are 
very large and are not electrically 
coupled; see the paper by P. G. Jones, R. 
T. Sawyer and M. S. Berry on page 679 of 
this issue. 





rapidly with increasing principal quantum 
number. For example, pressure broad- 
ening by the free electrons increases 
approximately as the fifth power of the 
principal quantum number in certain re- 
levant regimes. There is also evidence^? 
that the strength of the lines is influenced 
by а resonance in the recomb- 
ination*? which is related to the fine- 
structure excitation of C*. Rough 
assessments* of the expected strengths 
suggest that these recombination lines are 
likely to be widely observable in the gas of 
the Galaxy — a prediction tentatively sup- 
ported by detections in several directions 
in the Galaxy other than towards Cas- 
siopeia A. In the absence of a convenient- 
ly located compact source of continuum 
radiation, the diffuse synchrotron emis- 
sion of the Galaxy is bright enough at the 
very low frequencies to provide an adequ- 
ate continuum source against which the 
absorption can be observed. Finally, the 
occurrence of spectral lines at these very 


_ low frequencies provides a new opportun- 


ity for radiotelescope observers and inves- 
tigators with an orientation towards very 
low frequencies. o 
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Ocean Drilling Program 



















platforms in the 


from ihe Leg 101 shipboard scientific party? 


the Ocean Drilling Project, began on 31 
January, 1985 in Miami and ended there 


in the Bahamas archipelago. The decision 


ling with a study of carbonate platforms 
reflects the growing interest of earth scien- 
tists in the anatomy of large sedimentary 
bodies. 

The drilling revolved around 
platforms and basins, and the study of 
platform flanks, their facies patterns and 
their response to sea-level fluctuations 
that entail flooding and exposure of the 
banks. The origin of Bahamian banks and 
basins continues to be the subject of inten- 
sive debate because the the pattern is un- 
usual for passive ocean. margins. In the 
past decade, the discussion has been gov- 
erned by two fundamentally different con- 


othesis, calls for strong fault control of the 
bank-and-basin pattern. It assumes that 
the present deep-water basins originated 


за have remained topographic lows ever 
since’. On the other hand, the megabank 
hypothesis? assumes that rift structures 
and other inherited tectonic features were 
soon smothered by sediments during the 
spreading phase of the ocean and that for 
most of the Jurassic and the early Cret- 
aceous, Florida, together with the north- 
western Bahamas and northern Cuba, 
formed a single. flat-topped carbonate 
platform — the *megabank'. In the Cret- 


Age versus depth pro- 


o 
file and geological his- o Рио. 


Lec 101, the first international voyage of | 


on 14 March after 11 sites had been drilled | 


to begin this new phase of deep-sea dril- | 


two | 
| themes: the origin of the present array of 


cepts. One of them, the graben hyp- | 


as.grabens in the rift stage of the Atlantic | 


Miocene 





Rise and fall of carbonate 


Bahamas 


sent array of banks and basins. 

Debate continues in the wake of dril- 
ling. Most of us feel that Leg 101 and the 
| preceding  seismic-site surveys have 
| greatly strengthened the megabank hypo- 
thesis. However, at least one of us 
(Mullins) considers the evidence incon- 
| clusive, mainly because we failed to reach 
| the relevant seismic horizon in the Straits 
| of Florida and Northeast Providence 
1 


Channel, and prefers to emphasize that 


were recovered on Leg 77 of the Deep Sea 
Drilling Project, in dredge hauls from 
Samana?, and also on this leg from site 
635. On the basis of this evidence multiple 
bathyal environments may already have 
been established at that time. 

Leg 101 recovered shallow-water carb- 
onates and evaporites of the megabank 
under the southern Blake Plateau. In the 
| Straits of Florida, the carbonate platform 
was not reached but a close stratigraphic 
tie was established with an exploration 
well on Great Bahama Bank, 60 km to the 
north-east. The continuity of seismic rec- 
ords between site 626 and the Great-Isaac 
1 well strongly suggest that the entire 
Straits of Florida is underlain by a cont- 
inuous carbonate platform. Furthermore, 
the two holes indicate that rather 
than remaining stationary since the Mid- 
Cretaceous, the margin of Great Bahamas 
Bank has alternately retreated and pro- 
graded tens of kilometres during the past 
100 Myr. Blake Plateau and Little 
Bahama Bank display a similar rhythm of 
mid-Cretaceous drowning and retreat fol- 
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deepwater early Cretaceous sediments | 








platforms (see figure). The evidence for 
wide horizontal migration of the platform 
margins and for shallow water carbonates 
underneath some Bahamian basins is not 
easily reconciled with the graben hvpo- 
thesis of the Bahamian troughs’. 
Mid-Cretaceous disintegration of the 
megabank does not seem to be related to 
local tectonic deformation but rather to a 
crisis in the depositional system. The 
drowning of the Bahama platform is part 
of a world-wide extinction of carbonate 
platforms that coincides with a tendency 
towards oxygen deficiency in the oceans’. 
Exploring links between anoxia and plat- 
form drowning remains one of the most 
challenging tasks for the shipboard party. 
While for most of us the drilling tipped 
the balance in favour of the megabank- 
hypothesis, some modifications of that 
concept are called for. The stratigraphy of 
the Leg 101 sites, along with recent dred- 
ging results. indicates that mid-Cret- 
aceous platform drowning was not synch- 


; ronous throughout the archipelago and 


Paleacene 


| that it predates the mid-Cenomanian sea- 
| level cycle of Vail et al^. Drowning seems 


to have progressed in steps from the 
south eastern perimeter of the megabank 
to the centre. The oldest known deep- 
water sediments at the southeastern tip of 
Great Bahama Bank (Samana) are Neo- 
comian in age*; 350 km farther north- 
west,at site 635, they are Albian; at site 
627 and in the Great-Isaac 1 well, in the 
centre of the archipelago, they are Cen- 
omanian in age. 

Platform flanks were studied in two 
three-hole transects with the hydraulic 
piston corer. The response of platform 
flanks to sea-level fluctuations has 
recently become the focus of a lively dis- 
cussion ** and was one of the principal 
study objectives of Leg 101. Vail et aL? 
assume that sediment is fractionated bet- 
ween shelf and basin in only one way 
during a sea-level cycle: during high 
stands of sea level most sediment is 


aceous, this platform gave way to the pre- | lowed by Late Tertiary expansion of the | trapped on the inner shelf; during low 
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tory of site 627 on the 
mithern Blake Pla- 
teau. Drowning of the 
(carbonate — platform 
during the mid-Cret- 
aceous crisis is fol- 
lowed by partly terrig- 
enous deposition on a 
Shelf. and by 80 Myrof 7° 
slow pelagic depo- 
sition on a submarine 
< plateau. In the past 20 
Myr, the area has been 
influenced by the 
prograding Bahama 
platform again. “Aba- 
co episode" is a wide 
spread incidence of 
debris flow deposition 
in the middle Miocene 
documented in the 
Blake. Bahama-Basin 
DSLP Leg 44 (ref 9). 
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stands, when rivers carry their load right 
to the shelf edge, most material escapes to 
the deep sea. Results of Leg 101, along 
with a growing number of data on the late 
Pleistocene 1ndicate that carbonate plat- 
forms do not fit this trend. 

Prelimmary comparisons of strati- 
graphy on the Bahama banks and in the 
basins strongly suggest that periods of low 
sea level (and bank exposure) 3 Myr BP 
and 5-6 Myr вр correspond to intervals of 
slow deposition and scarcity of turbidites 
in the basins. When sea level was high and 
the banks were flooded, sedimentation 
rates in the basins increased dramatically. 
This observation supports the concept of 
‘high-stand shedding’ of platforms as 
opposed to the generally accepted phen- 
omenon of ‘low-stand shedding’ of terri- 
genous continental margins. 

The fine sediment exported by the plat- 
forms consists largely of aragonite, a form 
of calcium carbonate that is metastable in 
most burial environments and is rarely 
found in pre-Quaternary pelagic sedi- 
ments. On the flanks of the platforms, 
bank-derived aragonite mixes with the 
remains of calcitic plankton. Leg 101 dril- 
ling provided the first glimpse of the burial 
history of this peculiar type of carbonate 
ooze The first-order trend shows a down- 
hole decrease of aragonite and its repl- 
acement by calcite cement. Whereas 
calcite cementation is more rapid than in 
pelagic carbonate ooze, aragonite dis- 
solution was found to be unexpectedly 
slow: 7 Myr-old limestones were found to 
contain 15-20 per cent aragonite. Super- 
imposed on this first-order trend are cyclic 
variations in aragonite content. In the 
Quaternary, these have been shown to 
reflect climatic cycles. Further study of the 
Leg 101 cores is expected to reveal the 
Neogene climatic history of the platforms 

Hydrocarbons were encountered at 
several sites and led to abandonment of 
two holes. Oil stams and wet gas were 
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found in Cretaceous dolomites on south- 
ern Blake -Plateau, and tar impreg- 
nations appeared in Miocene chalks in the 
Straits of Florida and in turbidites in 
Exuma Sound All these are interpreted 
as hydrocarbons that have migrated from 
deeper parts of the section. In accordance 
with ODP practice, these holes were 
plugged with cement. 

Leg 101 has added a dimension of Earth 
history to the numerous studies on 
modern platform flanks. The modern sed- 
iments of the Bahamas, often used as a 
standard for the interpretation of the geo- 
logical record, have provided the key to 
their own past. This part is more varied 
and turbulent than previously believed. 
Periods of crises and of rapid expansion 
figure prominently besides intervals of 
steady growth. These changes seem to be 
governed by a complex interplay of 
oceanic productivity, eustatic sea level 
and tectonics that we have barely begun to 
document and understand 
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Astrochemistry 


Aluminium clues to the 
formation of the Solar System 


from Donald D Clayton 


WHEN groups in Australia and at the Cali- 
fornia Institute of Technology first 
showed that aluminium-rich minerals 
from the Allende meteorite contained 
more "Mg than expected, it was argued 
that a supernova must have exploded 
beside the forming Solar System. The 
argument went that the explosion 
peppered the solar cloud, from which 
Allende formed, with the short-lived and 
radio-active 2А], and that the excess "Mg 
in the meterorite 15 the result of decay of 
26А] within the present meteoritic 
minerals. This conclusion has now been 
shaken by the detection of surprisingly 


П 





large amounts of radioactive Al іп the 
interstellar medium. As a result, alter- 
natives to both the theory of injection 
from an exploding supernova and the 
theory of decay within the actual meteo- 
rite are being seriously considered. 

` The original detection of 7°Al — the 
first ever detection of interstellar radio- 
activity—was made by the HEAO 3 
spacecraft (Mahoney, W.A. et al Astro- 
phys J 286,578; 1984) which recorded a 
measurable flux of 1,809 keV gamma rays 
striking the Solar System These rays are a 
well known electromagnetic radiations 
product of the beta decay of the 26А] 
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; nucleus. HEAO 3 measured about 4.8 


such gamma rays per square meter per 
second, coming from the general direction 
of the centre of our Galaxy, but at an 
unknown distance. Any lingering doubts 
about the reality of this astonishing dis- 
covery have since been removed by a 
gamma-ray spectrometer on board the So- 
lar Maximum Mission satellite which, 
since February 1980, has taken uninten- 
tional periodic Ідокѕ at our galactic cen- 
tre The spectrometer team (Share, G. H. 
et al., submitted to Astrophysics J.) con- 
firm that there are about 40 gamma rays 
per square metre per second coming from 
the general direction of the galactic cen- 
tre, so that it can now be asserted without 
reasonable doubt that a source of radio- 
active Al lies in that general direction. 

In an analysis of the magnitude of this 
gamma-ray flux and its implications for 
both the origin of the elements in exp- 
losions of stars and for the origin of the 
Allende minerals (Clayton, D. Astrophys. 
J. 280, 144; 1984) I came to two unex- 
pected conclusions. First, if the ” Al is 
spread uniformly throughout the inter- 
stellar gas, its concentration of about 10 
parts per million of aluminium is rather 
close to that provided by Allende 
minerals, suggesting that it is unnecessary 
to invoke the injection of 2%АІ into the 
forming Solar System by a supernova 
trigger Second, supernova explosions are 
not adequate to maintain the average level 
of observed interstellar radioactivity, so 
that nova explosions or gas streaming 
away from giant stars are the more likely 
origins of the radioactive aluminium now 
foundin the interstellar medium. This also 
argues against the presence of a special 
supernova trigger to Solar System forma- 
tion. A.G W. Cameron, an early advoc- 
ate of the supernova trigger theory, has 
given that idea up. He now argues (/carus 
60, 416; 1984) that wind from an asymp- 
totic giant branch star of about one solar 
mass carried ample 2А! along with it and 
participated. hydrodynamically in the 
formation of a molecular cloud core 
wherein the Sun formed A similar 
argument could be constructed with 
winds from Wolf-Rayet stars, which are 
also now expected to be enriched in fresh 
2641 (Dearborn, D. & Blake, J. Astro- 
phys J. Lett. 288, L21; 1985). 

Interpretation of the excess 2°Мр in 
Allende aluminium-rich minerals depends 
on the correct interpretation of the 25А] 
gamma-ray line, which requires better 
information on its angular distribution. 
Because of their wide viewing angles and 
serendipitous measurements, the HEAO 
3and Solar Maximum Mission teams have 
been reluctant to be very precise about the 
angular distribution. Although they des- 
спре it as being “consistent with" radio- 
activity concentrated in the galactic plane 
and with peak intensity near the galactic 
centre, they stop short of clarming that the 
data requires that interpretation 

An alternative explanation invokes a 


634 








supernova explosion ten thousand years 
ago and about 20 parsecs from the Sun. 
This could happen to have been toward 
the general galactic centre, and would 
occupy a large circular area on the sky 
(perhaps a 50? — 90° cone). But it would be 
most unlikely that the centre would lie in 
the plane of the Galaxy. Only if the 
observing teams can successfully show 
_ that the latitude distribution is narrow and 
centered on the plane, will we be forced to 
accept the observed concentration of 6AI 
as a general feature of the gas. In what 
follows, however, let us assume that the 
?6 A] is a general galactic feature rather 
than a local one. 

At 10°, the interstellar ratio of 
6A 127A) lies squarely between, but dist- 
inct from the ratio of 5x 10? for some, but 
not all, aluminium-rich Allende minerals 
and that of less than 105 could be main- 
tained there by supernova explosions. The 
excess of Al in Allende minerals is there- 
fore still too large to be interpreted as 
being the average interstellar concentra- 
tion. Thus, if the present АТ decayed in 
the present Allende minerals, there must 
have been some source of АІ enhance- 
ment in the solar cloud as it collapsed to 
form the Solar System. This is the reinter- 
pretation that Cameron now advances. 

There are, however, new doubts that 
the 26А] was ever ‘alive’ in ‘Allende, as I 
discussed at the 16th Lunar and Planetary 
Science Conference in Houston, during 
March 1985 Whatever objects serve as 
the source of the 28А] currently observed 
by gamma radiation, they are necessarily 
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ejecting 4M, of it per million years into 
the interstellar medium. By contrast, 

supernova eject 24M, of the jew stable 
aluminium, and stars reinject’ 60M, of 
old stable aluminium over the same ‘ail 
lion years. If all of thesé eyecta condense 
into refractory aluminium-rich solids as 
they leave their respective sources, and if 
the ^A] decays to “°Mg within the result- 
‘ing mixture of. well mixed dust grains, the 
ratio of “AI within the aluminium-nch 
interstellar dust will be 0.05, fully a thou- 
sand times greater than the correlation in 
the meteoric aluminium-rich minerals. 

This high interstellar correlation of excess 
%Mg to Al could not have been totally 
removed by evaporation, because the 
Allende minerals carry other isotopic 
anomalies that demonstrate that they 
were not evaporated totally at any stage 
prior to their assembly. Thus these argu- 
ments indicate that the Mg- Al correla- 
поп observed ın Allende minerals may be 


a manifestation ' of a cosmic chemical: 


memory; the observed concentration of 
interstellar A} necessarily creates such a 
large: interstellar AI anomaly that the 
spécial chemistry invoked for, the ?$Mg 
‘daughter is no longer required by a fossil 
theory. The challenge now to mineral 
chemists is to demonstrate "how this 


memory survives the process of the forma- , 


tion of minerals and the substantial extrac- 
tion of шалгын from them. В 


Donald D. Clayton ıs in the Department of 
Space Physics and Astronomy, Rice University, 
Houston, Texas 77001, USA. 





Nuclear war 


Poor outlook for tropical weather | 


from A. Barrie Pittock 


THE most important environmental effect 
of a major nuclear war in the Northern 
Hemisphere ‘may be caused by reduced 
rainfall in the tropics and subtropics. This 
conclusion was reached at a recent confer- 
ence* and will be incorporated in a report 
later this year (see Nature 315, 534; 1985). 

SCOPE (the Scientific Committee on 
Problems of the Environment) has run a 
series of scientific workshops, this being 
the first to be held in the Southern Hemi- 
sphere. New results from computer 
simulations were reviewed, incorporating 
explicit modelling of smoke dispersion 
from target areas in North America, 
Europe and the Soviet Union, and fully 
interactive smoke (that 1s, smoke that 
modifies the atmospheric temperature 
and wind structure and is then moved 
around by the modified circulation): This 


* The workshop on the environmental effects of nuclear war 

' was held in Melbourne, 28-29 March 1985, sponsored by the 
Australian National Committee for the Environment and the 
New Zealand Committee for the Scientific Committee on Prob- 
lems in the Environment 
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overcomes two of the major weaknésses 


of the earlier simulations, which assumed . 


an initial uniform smoke distribution over 
Northern Hemisphere latitude zones and 
did not allow for smoke movements. 

А common feature of the results from 
simulations performed by the three dif- 
ferent laboratories in the United States: 
(Los Alamos, Livermore National Lab- 
oratories and the National Center for 
Atmospheric Research) and in the Soviet 
Union, was that smoke was ‘lofted’ from 
its initial height of injection to around 10 
to 20 km in altitude and then moved south, 
because of heating by absorption of solar 
radiation. This effect occurs only: in the 
northern spring and: summer seasons 
when the solar radiation is sufficient to 
cause the lofting to take place. In winter 
the smoke ‘tends to move towards the 
Arctic and is more quickly removed. 

This lofting effect and the increased 


‚stability of the lower atmosphere (which 


reduces precipitation) quickly separates 
the smoke from the washout processes in 











the spring and summer. Such results make 
it seem more likely that the smoke will last ^ 
long enough and move far enough south to 
affect seriously the tropics and the 
Southern Hemisphere. 

In mid-nortliern latitudes. full-blown 
nuclear winter effects will probably occur 
but, as this is the zone where most damage 
will be done by the direct eftects of the 
nuclear explosions, this ‘lofting’ eftect will _ 
be irrelevant. But as the smoke spreads 
southwards it will stop the solar heating of 
continental land surfaces that drives the 
south-west monsoon, halting the rainfall 
necessary for survival over most of south- 
ern and south-east Asia. This could be. 
far more disastrous -than temperature 
decreases in the tropics of 10—15?C, even’ 
though rice is particularly sensitive’ to this 
degree of cooling. 

Further. south, rainfall over mainland 
Australia 1s expected to decrease, initially 
because of strengthening of the descend- 


. ing arm of the Hadley Circulation in the 


southern sub-tropics, and later from a 


- general decrease in the hydrological cycle. 


A. pre- nuclear winter’ study by B. Hunt 
(Mon. Weather Rev. 81,, 3677; 1976), 
where an 18-level primitive equation 
model was run with the solar insolation 
turned off, showed a rapid decline in the 
water vapour content of both tlie atmo- 


‘sphere and the eddy kinetic energy ` 


(strength of the synoptic weather disturb- 
ances). As Australian agriculture is 
mostly limited by precipitation, this effect 
will have a major. effect on productivity, 
whereas the relatively modest tempera-, 
ture. reductions may be less serious. New 


Zealand and Tasmania, on the other 
‘hand, are further south, so temperature is 


more ‘limiting and even modest -cooling 
may significantly reduce production. 
Australia, New Zealand and Argentina 
currently have food surpluses, so that 
even large reductions in production may 
not lead to mass starvation in these coun- 
tries, unlike much of southern Africa and 
the tropics. Thus, the greatest impact of 
the ‘nuclear winter effect’ may result from 


‘reduced rainfall їп the highly populated 


countries of Asia and Africa rather than in 
countries in'the mid-northern latitudes. 
Several major uncertainties have been 
given more adequate treatment in recent, 
as' yet unpublished, work discussed 
during the workshop. Areas still. to be 
investigated are the rates of smoke wash- 
out in the initial plume-rise phase, the 
optical properties of aged smoke (espec- 
ially at infrared wavelengths) and the pos- 
sible smoke removal processes in the 
stratosphere. Better knowledge of effects 
on the Southern Hemisphere also requires 
computer'simulations to be run for longer 
periods and to consider the effects of a war 
fought ın the northern winter. pu 


ʻA Barrie Pittock is in the CSIRO Department 
of Atmospheric Research, Private Bag 1, 
Mordialloc 3195, Australia ў 
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Physiological role of Ca?* 
transport by mitochondria 


Si&—We cannot but whole heartedly 
agree with D J.Miller! that the systems 
which transfer calcium, across the inner 
membrane of mitochondria are of physio- 
logical importance. However, we are very 
surprised that he completely i ignores the 
strong evidence 7° which indicates that 
the major role of these systems is to regu- 
late the concentration of Ca?* within the 
mitochondrial matrix rather than, as 
Miller suggests, the concentration of Ca?* 
in the cytoplasm. When extramitochon- 
drial Ca^ is raised within the phys- 
iological range, a parallel increase in 
intramitochondrial Ca^* will occur and 
this may activate three important dehy- 
drogenases which occupy key regulatory 
sites in oxidative metabolism, namely 
pyruvate dehydrogenase, NAD-isocitrate 
dehydrogenase and 2-oxoglutarate dehy- 
drogenase. In this way, the formation of 
reducing power for oxidative phosphory- 
lation can be accelerated under the very 
conditions where there is likely to be an 
increased requirement for ATP. Increases 
in cytoplasmic Ca?* generally stimulate 
energy-requiring processes such as muscle 
contraction, secretion or 1on-pumping. It 
is worth emphasizing that these key dehy- 
drogenases have so far only been found to 
be sensitive to activation by Ca?* in ver- 
tebrate tissues? and only mitochondria 
from vertebrate tissues appear to take up 
Ca?* at an appreciable rate at uMolar 
concentrations. 

RicHARD M. DENTON 
Department of Biochemistry, 
University of Bristol Medical School, 
University Walk, 
Bristol BS8 ITD, UK 

James G.McCORMACK 
Department of Biochemistry, 
University of Leeds, 
Leeds LS2 9JT, UK 
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The electrostatic charge 
really is on the surface 


Str — A. А. Berezin recently discussed 
the question’ “What will be a minimum 
energy configuration of a system of N 
equal point charges q placed inside a cir- 
cle?" (see Nature 315, 104; 1985). He con- 
siders two configurations, one (A) with all 
N charges equally spaced around the си- 
cumference and the other (B) with one 
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charge at the centre and the remaining | curred at the end of the Permian, then it 


М—1 equally spaced around the cir- 
cumference. Assuming a three- 
dimensional Coulomb potential q?/r be- 
tween pairs of charges, he finds numer- 
ically that W(A)<W(B) for Nx11 but that 
for Nz12 (up to at least N=400) 
W(A)>W(B), where W represents the 
total electrostatic energy of the system. 
Whilst this answer to the question posed is 
doubtless true and has some curiosity 
value, the subsequent suggestion that 
these results provide an example where 
charges m a conductor at equilibrium will 
not reside on its surface is quite wrong. 

, The fallacy lies in the use of three- 
dimensional electrostatics for a two- 
dimensional system. Berezin’s circle 
should properly be regarded as a thin disk 
and then the charge at the centre of the 
circle in B is actually at the centre of one of 
the flat surfaces of the disk. Thus, in the 
correct three-dimensional interpretation, 
all of the charges are on the surface of a 
thin conducting disk for both configura- 
tions A and B. (When N 15 very large, 
most of the charges will, at equilibrium, 
reside on the flat surfaces.) 

It is of some interest to consider 
whether any anomalous behaviour arises 
in the solution of the above problem when 
it is regarded as strictly two-dimensional. 
The relevant Coulomb potential is now 
—dq'An(r/L), where L is an arbitary length 
determining the zero of the potential. Jt 1s 
convenient to choose for L the radius of 
the circle Then a straightforward analytic 
calculation shows that W(B)—W(A)=(q7/ 
2)[NInN- (N—1)In(N—-1)]70 for all Nz3. 
Thus, in the strictly two-dimensional 
problem the ‘obvious’ result is correct and 
our faith in classical electrostatics 1s res- 
tored. 

Davip MacGowan 
Research School of Chemistry, 
The Australian National University, 
Canberra, ACT2601, 
Australia 


The complexity and 
stability of ecosystems 


Str—I read Pimm’s’ article on stability 
and complexity within ecosystems with 
great interest. I would not, as an 
old-fashioned  geologist-palaeontologist, 
pretend that I understood all of the logic 
involved, nor that I had been able to fol- 
low all of the mathematics employed in 
the May? and MacArthur papers to which 
Pimm refers. There is completely 
independent evidence from the fossil 
récord supporting Pimm, as well as the 
earlier work by May? to which Pimm 
refers. Ecologically complex structures 
such as reef complexes appear historically 
to have been less stable than level bottom 
communities If one concludes that the 
global marne ecosystem has been 
subjected to stress sufficient to generate 
large-scale extinction events, such as oc- 











follows that a comparison can by made 
between the resultant behaviour of the 
more simple level bottom communities 
ánd faunas as contrasted with the trophi- 
caily far more complex reef community 
complexes. The nature of the stress(es) is 
(are) unknown, but it is reasonable to 
conclude that the trophically different 
community types reacted differently. 
Should one or the other, or at least ele- 
ments of one or the other, survive such a 
major environmental perturbation и 
could be concluded that the surviving 
items were more stable 

There are five major intervals during 
the Phanerozoic when reef community 
complexes were in existence—including 
the present (Fig. 3in ref. 3) In the Lower 
Cambrian some of the archaeocyathids 
occur in what many feel are reef commun- 
ity complexes. Such complexes disappear 
totally at the end of the Lower Cambrian 
concurrent with an important exunction 
event, whereas some level bottom taxa, 
particularly among the trilobites, survive 
to later radiate in the Middle Cambrian. 
The second interval of reef community 
complex is present in the Middle and 
Upper Ordovician. It disappears totally in 
the major, terminal Ordovician extinction 
event, together with much, but by no 
means all, of the level bottom fauna 
grouped into many communities. A third 
reef community complex, with ante- 
cedents differing from those of the Middle 
and Upper Ordovician, appears about 
one-third of the way through the Upper 
Silurian and persists until the middle of 
the Upper Devonian. The major mid- 
Upper Devonian extinction totally wipes 
out the reef community complex together 
with the majority of the level bottom taxa 
and many of the communities. A fourth 
reef community complex occurs in the 
Upper Carboniferous and Permian, 
derived from totally different antecedents 
(presumably, as always, level bottom 
taxa). The terminal Permian extinction 
event eliminates the Permo-Carbon- 
iferous reef community complex, and 
the bulk of the level bottom taxa and 
communities. The level bottom survivors 
ultimately provide the material for a re- 
radiation which is responsible for the dif- 
ferent reef community taxa of the later 
Triassic. 

There are significant taxonomic diff- 
erences between the Triassic reef 
taxa and those of the Jurassic-Cretaceous, 
which suggests that the terminal Triassic 
extinction event was involved here. At the 
end of the Cretaceous the tropical-sub- 
tropical reef community complex was 
almost totally wiped out, and it does not 
reappear in any abundance until the 
Eocene. The reef community complex 
then persists until the present, although 
there are some major changes, such as the 
addition of the algal ndge complex in the 
Miocene. Large numbers of coeval 
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Jurassic- Recent level bottom taxa persist 
to the present. 

In view of the above it is likely that 
following severe environmental · stress 
capable of generating major extinction 
events preserved in the fossil record the 
reef community complex normally is elim- 
inated in foto, but that elements, some- 
times a large percentage, of the level bot- 
tom fauna and its communities persist. 
Supporting this conclusion i$ the fact that 
during the highly provincial Ordovician, 
Permian, and later Cretaceous, the bio- 
geographically distinctive reef community 
complexes in different parts of the world 
terminate at the same time 

I suspect that other trophically complex 
community types such as pelmatozoan 
thickets, bryozoan thickets and sponge 
forests, behave in a fashion similar to the 
reef community complex rather than to 
the trophically simpler level bottom 
communities. 

It seems clear that the geological- 
palacontological evidence strongly sup- 
ports Pimm!, Маў”, and the others in 
their conclustons based on a variety of 
non-geological evidence. 

A. J. Boucor 
Departments of Geology and Zoology, 
Oregon State University, 
Corvallis, 
Oregon 97331, USA 
1 Pimm,S L Nature, 307, 321-326 (1984) 
2 Мау, В M Stability and Complexity т Model Ecosystems, 
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Icosahedra iri aluminium / 
manganese alloy 


Sin — The experimental observations of 
regions of icosahedral order in a splat- 
cooled alloy of AUMn! have excited con- 
siderable comment on a novel type of 
structure whicli hitherto had been purely 
conjectural’. One way of considering the 
proposed structure is as the packing of two 
kinds of rhombohedral units cells, both 
having the same cell side but one being 
acute with 063.43? and the other obtuse 
with «—116 57° These аге repeated 
according to what has become known as 
the three-dimensional Penrose pattern, 
and in a гапо of t acute units to cach 
obtuse unit, where t is the golden number 
1.618... The pattern is intrinsically re- 
cursive or hierarchic. I wish to poit out 
further similarities with structures already 
known. There are at least three types of 
structures entailing local icosahedral sym- 
metry which may be extended hierarchi- 
cally for various ranges through the mate- 
rial, according to the balance of the de- 
mands of local and of long-range ordering. 
These include: 

(1) Close-packed metal structures where, 
as pointed out by Frank in 1952*, 12 
spheres will pack icosahedrally around a 
thirteenth which has 95% of their dia- 
meter. This is well known ın alloys, most 
clearly in the structure” of Mg32(Zn,Al)4y 











SCIENTIFIC CORRESPONDENCE 


which builds four icosahedral shells before 
the structure goes periodic Most atoms in 
it have local icosahedral coordination 

Probably the driving force behind the 
structure found by Shechtman et al 15 of 
this type We might note that “decagonal 
snowflakes" seem fitst to have been re- 
ported by Adam and Hogan and co- 
workers” for the corresponding Al/Fe 
alloy, but were then not so fully characte- 
rized. 

(2) The boron compounds, summarized 
graphically by Sullenger and Kennard?, 
where many boron compounds, notably 
«a- and f-boron and ВС, have rhom- 
bohedral unit cells with œ about 65 5°, 
closely corresponding to the acute quasi- 
unit-cell of the Penrose pattern. Here the 
symmetry results from the icosahedral 
clusters of boron atoms produced by the 
directed bonding requirements of boron 
to which Berezin? has drawn attention. It 
might be noted that in B-boron the pack- 
ing ts hierarchic, 12 1cosahedra being 
themselves packed icosahedrally around a 
thirteenth: 

(3) Tetrahedrally connected networks, 
where dodecahedral cages can also appear 
because of the closeness of the tetrahedral 
angle of 109.47° to the vertex angles of a 
pentagon (108°). These occur in clathrasils 
(cage silicates) and in clathrate hydrates. 

Using the structural elements which 
occur іп the zeolite ZSM-39"° and in the 
type I gas hydrate!! we have constructed 
hypothetical ипи cells which would cor- 
respond to those required for the Penrose 
pattern. The acute unit cell is composed of 
Si-O polyhedra as in the ZSM-39 sheets 
and these polyhedra are the duals of those 
in the f-boron structure. The unit cell 
edges consist of alternating.dodecahedra 
sharing faces (two per edge, so that the 
cell edge length 1s 4.45408 times the edge 
length of the dodecahedron). The corres- 
ponding obtuse cell consists of the same 
faces (arranged with «116.57? instead of 
its supplement) but has, at its centre, a 
polyhedral cage of 18 facés with two dode- 
cahedral caps (of six pentagons each) and 
a belt of six hexagons equatorially 

Next to this cage the dodecahedra are 
dislocated and have each two hexagonal 
and two square faces as well as eight pen- 
tagonal faces. Thus, the Penrose pattern 
reported for alloys might also occur in sili- 
cates or hydrates, the dodecahedra of the 
open tetrahedral structure being dual to 
the icosahedra of the close-packed metal- 
lic structures. 

The same two acute and obtuse units 
may also be assembled in various crystal- 
line ways with, for example, the ratio of 5 
acute to 3 obtuse In view of the occurr- 
ence of the two kinds of unit cells in the 
numerical ratio t in the Penrose pattern, 
it might be timely to look back at the elec- 
tron compounds of Hume-Rotheray"? P, 
some of which are locally icosahedral, 
whose electron/atom ratios are 21/13 
(these often with an atomic ratio of 8/5 as 
for CusZng) and 3/2 for CuZn, which 
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might seem to be convergents to the gol- 
den number (and also 7/4 which 1s not), to 
see where else the Fibonacci series may be 
detected. + 

ALAN L. MACKAY 
Department of Crystallography, 
Birkbeck College (University of London), 
Malet Street, 
London WCIE 7HX 
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Loess in the Bering 
Land Bridge 


Sır — In his News and Views article on the 
Bering Land Bridge, Colinvaux! reported 
that the yedoma deposits of Siberia — 
long described as alluvium or lacustrine 
silt — are actually loess, emplaced by wind 
action when “dry, cold and windswept” 
conditions prevailed in that part of 
Siberia. The climatic consequences of this 
conceptual change are profound and 
Academician Shilo and co-workers are to 
be congratulated in bringing about this 
revolution. Once an idea is in place (for 
example that a particular deposit 1s lacust- 
rine silt), it can be very difficult to change; 
witness the remarkably long time it took 
to recognize the widespread loess in 
southern England. But, if the Siberian 
story is to be fully told there should be a 
поа of acknowledgement in the direction 
of Troy Péwé and his proposals that 
Siberian “silts” were loess? Péwé and 
Journaux, admittedly working west of the 
immediate Bering Strait area, showed that 
loess was widespread in Yakutia and made 
a good case for the existence of significant 
Siberian loess deposits". 

IAN SMALLEY 
Department of Earth Sciences, 
University of Waterloo, 
Waterloo, Ontario, 
Canada N2L 3G1 
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Scientific Correspondence 
Scientific Correspondence 1s intended to 
provide a forum in which readers may 
raise points of a rather technical charac- 
ter which are not provoked by articles or 
letters previously published (where Mat- 
ters Arising remains appropriate). 












Culture Collections 


provide international support for 


Biotechnology 


If your company or research group ts involved in biotechnology, you will know the value of expert assistance, 
advice and supplementary services From multinational corporations to individual research workers, the British 


culture collections have something to offer you: 






Animal and human 
cell lines 
(NCACC) 
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Algae and 


protozoa 
(CCAP) 
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Strain selection, genetic 
manipulation, fermentation, 
downstream processing, 
and product and process 
control 





We can give 






Industrial bacteria 
and plasmids 
(NCIMB) 


- 





Medical bacteria 
and plasmids 
(NCTC) 


Yeasts and 
plasmids 
(NCYC) 





you expert help 


In addition to the provision of cells, a wide range of other services are available. Did you know about patent deposit 
(Budapest Treaty), contract research, safe deposit, quality assurance, toxicology, identification services and 
training? And coming soon there will be a new on-line computer information service - MICIS 


Animal and human cell lines 

National Collection of Апта! Cel! Cultures, 

PHLS Centre for Applied Microbiology and Research, 
Porton Down, Salisbury, Wiltshire SP4 0JG, UK 

Tel 0980-610381 


Industrial bacteria and plasmids 

National Collections of Industrial and Marine Bacteria Ltd, 
Torry Research Station, 

PO Box 31, 135 Abbey Road, 

Aberdeen ABS 8DG, UK 

Tel 0224-877071 


Algae and protozoa 

The Culture Centre of Algae and Protozoa, 
Institute of Terrestrial Ecology, 

36 Storey's Way, Cambridge CB3 ODT, UK 
Tel. 0223-61378 


Reader Service No.14 


Medical bacteria and plasmids 
National Collection of Type Cultures, 
Central Public Health Laboratory, 
Colindale Avenue, London NW9 5HT, UK 
Tel 01-200 4400 


Fungi 

Commonwealth Mycological Institute, 

(incorporating the UK National Collection of Fungus Cultures) 
Ferry Lane, Kew, Surrey TW9 3AF, UK 

Tel 01-940 4086 


Yeasts and plasmids 

National Collection of Yeast Cultures, 
Food Research Institute, 

Соіпеу Lane, Norwich NR4 7UA, UK 
Tel 0603-56122 
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Refraction scattering as origin of the anomalous 


radar returns of Jupiter’s satellites 


Й 


T. Hagfors', T. Gold’ & Н. M. Тегкіс* 
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Three satellites of Jupiter, Callisto, Ganymede and Europa, give anomalous radar returns. We show here that this behaviour 
would arise as a consequence of ‘refraction scattering’ rather than the familar ‘reflection scattering’ and discuss mechanisms 
that lead to the predominance of such scattering on these satellites. 











THREE of the Galilean satellites of Jupiter, Callisto, Ganymede 
and Europa, have been shown to have anomalous radar reflec- 
tion properties in several respects (refs 1-3, D. B. Campbell 
and S. J. Ostro, in preparation). Although all other planetary 
bodies that have been investigated by radar, including many 
different areas on the Earth, give a reflection of a circularly 
polarized radio wave in which the sense of polarization is 
reversed, these jovian satellites return a wave that shows pre- 
dominantly the same sense as the incident опе: the shorter the 
wavelength, the more similar the sense of the waves. If a linearly 
polarized illumination is used, fully 50% of the energy 1s 
returned in the orthogonal polarization, whereas the normal for 
other bodies is «1096. 

Although all other planetary bodies seem to have a total radar 
cross-section (measuring the sum of returned power in two 
orthogonal polarizations) of the order of 0.1х the geometrical 
cross-section, the total cross-section at 12.6-cm wavelength for 
the galilean satellites are 2.6 for Europa, 1.5 for Ganymede and 
0.6 for Callisto’. 

All other planetary bodies give a quasispecular return (glare) 
from the subearth point, but no such effect occurs for the three 
galilean satellites 1n the wavelength region in which they have 
been studied (3.5-70 cm). In fact, the scattering from these 
satellites is intermediate between that giving a uniformly bright 
disk and the slight limb-darkening associated with Lambert 
scattering*. 

In addition to their remarkable visual appearance”, Callisto, 
Ganymede and Europa are best characterized as bizarre radar 
objects. Ostro* discusses two possible mechanisms which might 
explain the peculiar polarization properties. One, which is dis- 
carded as unlikely, involves double reflection within hemi- 
spherical craters, whereas the other involves multiple internal 
total reflection on flat boundaries between ice and less dense 
ice (crushed ice, possibly snow) The polarization results, studied 
by Monte Carlo calculations, involve boundaries of random and 
uncorrelated orientations. There is no good explanation of the 
enormous cross-section in:this model 

We explore here the alternative possibility that the effect 
results from what we term 'refraction scattering', a type of 
scattering which has received little attention and which, has not 
been encountered previously in radar work with solid materials. 

In refraction scattering, one measures a wave that penetrates 
into the body and whose propagation vector is bent as a result 
of gentle variations of the refractive index in the medium. In 
the case of sufficiently large variations of the refractive index, 
the penetrating wave may be deflected so as to emerge again 


from the surface. In the geometrical optics limit, the polarization | 


of the wave is retained and we shall show that the unusual 





polarization properties of the three satellites are then repro- 
duced. For refraction scattering to be dominant one requires: 
(1) The surface reflection must be small. This requires that the 
surface material has a low refractive index, n, or that there is a 
‘matching’ transition layer on the surface; (2) the bulk medium 
has sufficiently low absorption of radio waves to allow long 
pathways within the medium; (3) the patterns of the varíations 
in n are such as to redirect the propagation vectors by large 
angles, including 180?; (4) the gradients of n are sufficiently 
small so that internal reflections will not have a dominant 
influence. 

We describe below ЖАШ refractive index structures that 
satisfy the above four requirements and can reproduce naturally 
all the bizarre radar.properties of the three outer galilean 
satellites. 


Internal refraction 


The study of the propagation is based on geometrical optics. A 
set of equations which describes the rays is: 


des (1) 
dë , [Vn , 

—-$xl—xs (2) 
ds n 


where s = arc length along ray and ï= unit vector along ray. If 
the medium is horizontally stratified and п is higher in the 
medium than outside, the angle between the ray direction $ and 
the vertical must always be less there than at incidence. There- 


‚оге, the ray cannot emerge in the return direction and it is 


necessary that the surface material is laterally inhomogeneous. 
Surfaces of constant n might have an appearance as shown in 
Fig. 1. 





N< N2 < N3 <a 


Fig. 1 Contours of constant refractive index: а, partly buried; 


and b, fully buried scatter. 
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Fig. 2 Rays in gaussian refractivity profiles Normal incidence. 


What seems to be required are convex surfaces of constant n 
surrounding a region of higher n. Further, the curvature of the 
rays |Vn/n х3 must be comparable with the curvature of the 
equi-refractive index surfaces. These regions of excess refractive 
index may be quasi-spherical or ellipsoidal, or they may be torus 
or cylinder shaped with quasi-circular or ellipsoidal cross- 
sections. Whatever the case may be, such regions, possessing a 
sufficiently large total range of n, are capable of bending the 
incoming rays so that they emerge from the surface in all different 
directions, including the backscatter direction. 

We have numerically constructed rays on the basis of 
equations (1) and (2) for surfaces of several types of n, spherical, 
ellipsoidal and cylindrical, where n varies either as a cosine, a 
gaussian or according to the function given below. The refractive 
index was taken to vary from по at the centre to the value п, of 
the background medium at a distance from the centre, r. Various 
degrees of submersion of the blobs were considered. The special 
function mentioned is of the form: 


по 


меа 1+(x?+(z-z,)?/a’ 


z«0 
deer Me (3) 


Wee 
=n; when 


Jx^* (zz)? » av n/n -1 


=1 when z>0 


An example of rays traced in a gaussian profile with z,=0 
(Fig. 1а), np =3.5, п, =1 and L, = Г, =0.4 (the e-folding dis- 
tances in the x and the z directions, respectively) is shown in 
Fig. 2, for normal incidence. 

We find no evidence of any qualitative difference between the 
different models and, therefore, discuss the special case as 
defined in equation (3) in greater detail, as this is amenable to 
straightforward analytical treatment. This particular profile, 
referred to as Maxwell’s ‘fish eye’, has been discussed else- 
where’. 

Consider a spherical blob of excess n of this type fully 
embedded ın a medium of refractive index n,. We wish to 
determine the deviation angle between the incoming and existing 
rays as a function of x (analogous to the impact parameter in 
collision theory). This relationship can best be derived by refer- 
ence to Fig. 3. Suppose the radius where the excessive refractive 
index equals that of the surrounding medium (that is, n,) is ri, 
and suppose the z-axis is aligned with the incoming ray. The 
ray enters at A. In such refractivity distributions the curvature 
of the ray is constant and the ray must describe a circle, the 
centre of which must lie on a line AE normal to the z-axis. A 
ray going through point A which is a distance r, from the centre 
will cross the diameter through A at a point B on the opposite 
side of C at a distance ВС = r;. In this particular distribution 


The centre of the circular ray is found at the intersection of the 
bisector of AB with AE, and is thus D. From the construction 
of Fig. 3 we find that the total deflection angle @ is given by: 


2(n-1): x: V1- x? 


n —-2x?(n —-1) 





(5) 


0 =2 arctan 


where, x=>x/r, is the normalized ‘impact parameter’. 

Figure 4 shows the deflection angle for this particular model 
plotted against normalized x for various values of n. The actual 
values of x required to give backscatter (that 1s, 0 = 180°) are 


given by: 
n 
хо V o ТУ (6) 


and are plotted in Fig. 5a. It is clear from this diagram that the 
rays that are turned back by 180? enter and leave the scatterer 
near the circumference where n is small. As they will never go 
through the centre of the scatterer it is not necessary that n 
actually assumes the value n, for backscattering to occur, but 
it is sufficient that n increases to nmax, which it assumes at that 
point of the ray where it is the closest to the centre of the 
scatterer. The actual value of this nmax can be shown to be: 


n 


THUS n-Vn(n—2) 


Figure 5b shows nmax as a function of n. It is clear from this 
diagram that the actual values of n(r) need not in practice reach 
the peak value at the centre of the scatterer to be able to turn 
the rays round by 180°. 

It can be seen from Fig. 4 that there is a substantial range of 
x which, for normal incidence, turns the rays back into the 
hemisphere they came from. If the inner and the outer limits 
for x are denoted by хор and x5, the fractional energy returned 
into the hemisphere centred on the incoming wave is x370 — Xo. 
This fraction is plotted as a function of n in Fig. 5c. 

Finally, we consider the radar backscattering cross-section of 
one of these spherical enhancements of refractivity. This cross- 
section is defined as: 


(7) 


Power scattered within AQ 
- = = 6 
i Incident power density/4rr 





(8) 


In the geometrical optics approximation discussed above we 
have found a unique mapping between the area AA of the wave 
front and the solid angle AQ onto which this power 15 scattered. 
Therefore, the cross-section о can be expressed as: 


S-AA(AQAQ AA 
S/Am |" An 


For an arbitrary direction we have: AA =x- Ax: AY and AQ = 
АӨ · sin 0: AY. Hence we obtain: 


(9) 


x Ax 

" "run 0 АӨ и) 
From equation (5) it is easy to show that Ах/АӨ remains finite 
for backscatter, and because x remains near unity с becomes 
infinite as sin @>0. This apparent paradox is resolved if we 
remember that AQ cannot approach zero with AA because 
diffraction eventually starts ЛО increasing again for small AA. 
We should also note that rays entering and leaving along a circle 
of radius x will only occur when there is perfect spherical 
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Fig. 3 Derivation of the deflection angle for ‘fish eye’ distribution 
of n 


geometry. As soon as we allow for deviations from the perfect 
spherical symmetry the circular ring will be broken up into 
disjointed areas and the tendency for backscatter probably 
decreased. Nevertheless, we suspect that there will also be a 
distinct preference for backscatter in the real surface 


Application to observations 


Let us now see how the concept of refraction scattering can be 
applied to explain the observed radar reflection properties of 
Callisto, Ganymede and Europa. We must assume that the 
presence of refractive scatterers is universal on these satellites. 
The description of the return as a refraction phenomenon, with 
little reflections from abrüpt refractivity changes, implies that a 
circularly polarized wave will retain its polarization and emerge 
with the same sense of circular polarization, as required. Our 
model predicts circular polarization to be tnaintained fully, in 
the original sense, whereas the data show this to be only partly 
so. This may be due to residual surface backscattering, or some 
internal reflections and/or failure of the geometrical optics 
approximation to be perfect. Suppose we assume that the back- 
scattering arises as a superposition of two distinct mechanisms, 
one being the refraction scattering and the other a more usual 
mechanism, which turns the incoming circular polarization com- 
pletely into the opposite one in the same manner as an ideal 
reflecting surface. For a wavelength of 12.6 cm, Ostro* quotes 
for thé ratio of ‘same circular’ (SC) to ‘orthogonal circular’ 
(OC) values of 1.5 for Europa and Ganymede and 1.2 for 
Callisto. It follows that 60% of the power returned from Europa 
and Ganymede and 55% from Callisto must result from refrac- 
tion scattering. 5 

The linear polarization results follow from the refraction 
model as follows: suppose we consider a ray in the xz plane as 
in Fig. 3. If the linearly polarized E-field is normal to the xz 
plane, the emerging E-field will be in the same direction as the 
incoming field. If, however, the E-field is in the incidence plane 
xz, it will emerge in that plane, but 180° out of phase with a 
corresponding field normal to xz. This means that a field making 
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Fig.4 Angular deviation of rays plotted against ‘impact para- 


meter’ x with n = n/n, as parameter. 
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Fig. 5 2, Plot of хз against n= пуп, b, Plot of maximum 
refractive index along a backscatter ray against n at the centre c, 
Plot of fraction of normally incident energy emerging from the 


surface against n. 
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45° with the xz plane will emerge with its E-field normal to the 
incoming field. In general, for a field making an angle y with 
the plane of incidence, one must have: Fy, = Eo cos 2y and 
Eo. = Egsin2y where the indices signify ‘same linear and 
‘orthogonal linear’ as in ref. 4. If powers rather than fields add, 
and because y must occur with equal probability between 0 and 
360°, one obtains оѕ = Oo. OF со / о = 1. Hence, our ideal 
model predicts complete depolarization, whereas the data show 
this ratio to be 0.5. In addition, the assumption of power addition 
may break down if there is coherency between rays entering 
and leaving individual blobs, as indeed there is if they are 
perfectly spherical. Again it seems reasonable to suppose that 
surface reflections, internal reflections and/or failure of the 
geometrical optics approximation to decrease the predicted 
polarization ratio from that of the model. If we imagine that 
the returned powers be split between refraction scattering and 
a reflection scattering mechanism as above, and try to reproduce 
the ratio of orthogonal linear to same linear of 0.47 for Europa 
and Ganymede and 0.55 for Callisto as observed at 12.6-cm 
wavelength by Ostro*, we conclude that 64% of the power 
returned from the former two can be ascribed to refraction 
scattering, whereas 70% must be assigned to that mechanism 
in the case of Callisto. For Europa and Ganymede the con- 
sistency is excellent between the deductions made from the 
linearly and circularly polarized data in view of the limited 
applicability of our arguments. For Callisto, however, there is 
an inconsistency between the deductions made, which we sus- 
pect results from the failure of the geometrical optics approxima- 
tion to apply as well as it apparently does on Europa and 
Ganymede. 

We have shown that refractivity inhomogeneities are capable 
of scattering a substantial fraction of incoming radiation back 
into space. Such behaviour is consistent with the low emissivity 
observed by de Pater?., The extremely high radar reflectivity is 
also compatible with the low emissivity and is probably aug- 
mented by a preferential backscattering of the individual scat- 
terers, discussed above. 

For refraction scattering, or for scattering by internal reflec- 
tions, the case of normal incidence at the surface has no par- 
ticular significance; this will account for the lack of a specular 
reflection highlight near the sub-earth point on these satellites. 

Finally, the variation with wavelength referred to earlier 
receives a natural explanation, in that the geometrical optics 
approximation will become increasingly poor the larger the 
"wavelength. If this 1s the explanation of the wavelength depen- 
dence, then the size of typical scatterers must be of the order 
of 1m. 


Discussion 


It is noteworthy that the anomalous properties occur just on the 
only three bodies that have been investigated, which are thought 
to be composed mainly of ices. Water ice, thought to be the 
dominant component, is a dielectric of very low dielectric loss, 
with n = 1.78. The other component of the surface material of 
these bodies 1s believed to be rock powder whose detailed 
dielectric properties are not yet known. Lunar rocks and rock 
powders have been extensively investigated? and have values of 
n ranging from 1.3 for loosely packed material to 73.2 for the 
dense rock. If there is a tendency for rocks in the domain of 
the outer planets to be less oxidized, then substantially higher 
values for the refractivity are to be expected. 

Therefore, the physical model we propose is one of a patch- 
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work of rock powders and ices in which n may vary from just 
over 1 to 23. The uneven distribution of these two components 
may have resulted from an initial accretion of layers of rock 
and ice particles, which, together with impacts of larger objects, 
would have turned a neatly layered system into one that is both 
laterally and vertically erratic. In particular, 1t may be that the 
overturning of material 1n an impact could create the torus- 
shaped structures referred to above. Also, impact on a loosely 
packed but cohesive matrix of rock powder left behind by 
evaporation of volatiles could be compacted and form the semi- 
spherical volumes of excess n discussed above. Evaporation 
of volatiles from the surface may have helped to concentrate 
rock powders. Outpouring of liquid water from deeper and 
warmer regions may have laid down 'clean' ice. Both these 
processes would contribute to the creation of a heterogeneous 
medium. ; 

The requirement of low dielectric loss may well be satisfied 
because of the very low temperatures. Ice well below its melting 
point leads to absorption lengths of thousands of wavelengths. 
The lunar rocks gave results for the absorption length between 
100 and 300 wavelengths. At the low temperatures of these icy 
satellites it is likely that the low dielectric loss of these rock 
powders would be maintained despite the presence of water in 
solid form. (At the higher temperatures prevailing on earth, 
hydrated rocks dominate and exhibit a high dielectric loss.) 

The condition of low surface reflectivity may be met by having 
a very tenuous medium (therefore of low n) in which the regions 
of excessive refractivity are embedded. If the medium is not so 
tenuous, it may be that a low density transition layer, as found 
onthe Moon, can provide the proper match and serve to suppress 
the reflection at the surface. An extremely fluffy outer surface 
of rock powder or snow may have resulted from the partial 
evaporation of ices from the pore spaces in the material. In 
addition it may be that the interesting mechanism suggested by 
Spencer and Maloney", which explains the migration of water 
on Callisto as sublimation and capture in cold traps, may have 
played a role in creating the heterogeneous conditions required. 
This mechanism alone would apparently create depletions in 
refractivity rather than enhancements, and, therefore, must have 
been modified by some other mechanism, such as impact crater- 
ing, to create the favourable conditions for refraction scatter to 
occur. 

Also within the material, sharp discontinuities of n must be 
sufficiently rare for refraction to remain the dominant cause of 
backscatter. If rock powder and ices make up the bulk of the 
material, this implies that although variations of the mixing ratio 
of these two substances are responsible for the refraction, they 
are generally not too abrupt on the scale of the radio wavelengths 
used. 


Conclusions 


We have shown that refraction scattering from convex regions 
of excess n has all the properties required to explain the observed 
radar returns from Callisto, Ganymede and Europa. We conjec- 
ture that the conditions which prevail on these 'satellites are 
probably ideal for the creation of the refractivity structure 
required to make refraction scattering important. Therefore, we 
conclude that refraction scattering is the most likely explanation 
for the bizarre scattering properties of these satellites. 

We thank Gordon Pettengill and Steve Ostro for helpful 
discussions. The National Astronomy and Ionosphere Center 
is operated by Cornell University under contract with the NSF. 
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Cloning, sequence and expression of two distinct 
human interleukin-1 complementary DNAs 
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Two distinct but distantly related complementary DNAs encoding proteins sharing human interleukin-1 (IL-1) activity 
(termed IL-1a and IL-1B), were isolated from a macrophage cDNA library. The primary translation products of the genes 
are 271 and 269 amino acids long, although expression in Escherichia coli of the carboxy-terminal 159 and 153 amino 


acids produces IL-1 biological activity. 








INTERLEUKIN-1, a protein produced by activated 
macrophages, mediates a wide range of biological activities, 
including stimulation of thymocyte proliferation via induction 
of interleukin-2 (IL-2) release, stimulation of B-lymphocyte 
maturation and proliferation, fibroblast growth factor activity 
and induction of acute-phase protein synthesis by hepactocytes!. 
IL-1 has also been reported to stimulate prostaglandin and 
collagenase release from synovial cells, and to be identical to 
endogenous pyrogen'. 

The question of whether this array of activities resides in a 
single protein has excited much discussion. The conventional 
approach to its résolution has been to purify IL-1 activities from 
the culture supernatants of macrophages activated with 
lipopolysaccharide (LPS), but the results have been ambiguous. 
Apparently homogenous protein preparations display charac- 
teristic IL-1 activities, including IL-2 induction and pyrogenic- 
ity. However, many reports associate IL-1 with proteins of 
relative molecular mass ( M,) —15,000 and 30,000 and isoelectric 
points ~pH 5 and 7 (refs 1-8). These studies suggest that either 
a considerable amount of protein processing leads to the appear- 
ance of active polypeptides of differing sizes from a single 
protein, or that activities characteristic of IL-1 are shared by 
several different proteins. 

To clarify these 1ssues, we attempted to clone the gene(s) 
responsible for IL-1 activity using two different strategies. First, 
we screened macrophage complementary DNA clones by 
hybridization to macrophage RNA, followed by in vitro transla- 
tion of the selected RNA and detection of IL-1 biological activity 
using a sensitive assay that measures its capacity to induce IL-2 
synthesis by a cloned T-cell line?. Second, we purified to 
homogeneity a protein having IL-1 activity’, performed partial 
amino-acid sequence analysis, constructed an oligonucleotide 
probe based on this sequence and used the probe to screen a 
macrophage cDNA library. 

These experiments led to the isolation of two distinct cDNAs 
encoding proteins with a characteristic IL-1 activity, defined by 
the induction of IL-2 synthesis by a T-cell line or by thymocytes. 
These proteins, which we term 11-10 and IL-18, showed only 
distant homology to each other. Both molecules seem to be 
synthesized as larger precursors that are processed to smaller 
forms. Here we discuss the relationship of these findings to 
recent reports of other IL-1 cDNAs!" 


Isolation of IL-1 messenger RNA 


Optimal conditions for the production of IL-1 messenger RNA 
from peripheral blood monocytes were established. Initially, 
mRNA was injected into Xenopus oocytes and the supernatants 
assayed for biological activity. Low levels of IL-1 could be 
detected using an assay that measures the capacity of IL-1 to 


stimulate IL-2 release from a phytohaemagglutin-stimulated 
cloned murine lymphoma cell line (LBRM-33-1A5) (termed the 
1А5 conversion assay)’. This assay 15 ^-1,000-fold more sensitive 
than the standard IL-1 assays of direct thymocyte mitogenesis 
or co-mitogenesis?, and was used as the basis for the molecular 
cloning of IL-1. Stimulation of the monocytes with 10 pg mI"! 
Escherichia colt hpopolvsaccharide (LPS) for 12 h gave the high- 
est levels of IL-1 mRNA. Unstimulated monocytes contained 
little IL-1 mRNA. 


Table 1 Identification of IL-1a cDNA clones by hybrid 


selection of biologically active mRNA 
Third screen 


First screen Second screen 


Pools of 48 Pools of six Single colonies 
Filter IL-1 Filter IL-1 Filter IL-1 
Starting (Ош!) Starting (От!) Starting (От!) 
RNA 1,195 RNA 15х10“ RNA 18x10* 

1 ND 2A ND 2C1 257 
2 59 2B ND 2C2 ND 
3 ND 2C 1,006 2C3 ND 
4 10 2D ND 2C4 ND 
5 ND 2E ND 2C5 ND 
6 . ND 2F ND 2C6 ND 

7 ND 2G ND 

8 ND 2H ND 

9 ND 11A ND 

10 ND 11B ND 

11 72 ИС ND 11Fi ND 

12 ND 11D ND 11F2 ND 

13 ND ПЕ мр 11F3 ND 

14 ND ПЕ 440 11F4 ND 

15 ND 11G ND 11Е5 ND 

16 39 11H ND 11F6 1,072 
Control ND Control ND Control ND 


Single bacterial colonies were picked into LB-broth plus 15 ug ml! . 
tetracycline and grown overnight, then 48 1-ml cultures were combined 
and plasmid DNA isolated according to standard procedures?! with the 
modification that the plasmid DNA was ribonuclease treated and separ- 
ated from small- M, nucleic acids by chromatography on a Sephacryl 
S-400 column. 10 pg plasmid DNA was digested with Bam HI, denatured 
and bound to nitrocelluose filters (Schleicher and Schuell)?*. Each filter 
was hybridized to 20 рр of LPS-stimulated macrophage RNA overnight 
at 50 °С in 50% formamide, 100 mM PIPES pH 6.8, 0.4 M NaCl, 10 mM 
EDTA, then washed 10 times at 65°C in 1 xSSC, 0.2% SDS and five 
times in 0.2 X SSC at.65 °C The bound RNA was eluted in boiling water 
containing 6.6 pg 17! yeast transfer RNA and recovered by ethanol 
precipitation, then translated 1n rabbit reticulocyte lysates???? and an 
aliquot of the lysate was assayed for IL-1 activity in the 1A5 conversion 
assay”. ND, not detected. No biological activity over the background 
control was observed at a sample dilution of 1:50. Control, 10 ug 
pBR322 DNA was bound to the filter as a negative control 
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Fig. 1 a, Restriction endonuclease map of human IL-1a Coding sequences are 
boxed. Shaded boxed region represents the presumptive mature form of IL-1a 
Below are shown the cDNA clones used for sequencing. One clone, p10A, contains 
the entire coding region Each cDNA clone begins and ends with PstI sites, 
generated by the cloning procedures. b, Nucleotide sequence and predicted amino- 
acid sequence of IL-1a. Nucleotides and amino acids are numbered from the 
presumed initiator codon The star under Ser 113 indicates the position of the 
presumed mature МН, terminal. The nucleotide sequence differs between p18E 
and p10À at base 330 (G > C) which would cause an amino-acid change, Lys 110» 
Asn The 3' maturation signal? ^ is underlined Coordinates of cDNA clones shown 
in а are: p18E, nucleotides —45-652, p10A, —35-1,075; p8A, 447-1,195; р5В, 
591-995; p2C1, 860-1,194; p9H, 928-1,979. A 

Methods. a, Size fractionation of LPS-stimulated macrophage RNA Human 
peripheral blood mononuclear cells were isolated as described previously”. 
Macrophages were purified further by adherence to plastic tissue culture flasks 
and stimulated with 10g ml! LPS for 12h. Total RNA was isolated by a 
modification of the guanidinium thiocyanate and guanidine hydrochlonde 
methods!??!, Cells were solubilized in 4 5 M guanidinium thiocyanate containing 
50 mM sodium citrate, pH 7 0, 5% 8-mercaptoethanol and 0 5% sodium sarcosi- 
nate Following sonication, 0 6 vol ethanol was added and RNA precipitated at 
—20*C overnight. The pelleted RNA was resuspended in 8 M guanidine hydro- 
chloride containing 50mM_ sodium acetate, pH6.0, extracted with 
phenol/chloroform/1soamyl alcohol (25:24:1) and reprecipitated with 0.6 vol 
ethanol, as above Following a wash with 80% ethanol, the RNA pellet was 
dissolved in water and chromatographed on an oligo(dT) cellulose column to 
select polyadenylated RNA??. Polyadenylated RNA (250 pg) was then fractionated 
on 1.5% 'ultra-low-melt agarose gels (Marine Colloids) containing 10 mM methyl 
mercuric hydroxide! Gel slices were melted at 65°C in binding buffer 
(0.5 M NaCl, 10 mM Tris-acetate pH 7.5, 1mM EDTA) and applied to small 
columns of NACS-52 resin (BRL) The columns were washed with binding buffer, 
RNA eluted with 6M guanidine hydrochloride, 10 mM Tris-acetate pH 7.5, 1 mM 
EDTA, mixed with 10 wg yeast tRNA and purified by several ethanol precipitations 
and washes 16 remove the guanidine hydrochloride. RNA was then redissolved 
in 15 pl water for injection into Xenopus oocytes. For each fraction, 40 stage VI 
oocytes were each injected with 50 nl RNA and incubated overnight at 19°C in 
Barth's medium. Undamaged oocytes were transferred to 300 рі of 1 2 complete 
Click's medium containing 1.5 mM CaCl, and 100 ьт? gentamycin and incu- 
bated for 2 days at 19°C. Supernatants were assayed for IL-1 activity using the 
1A5 conversion assay? (see text) ‘Double-stranded cDNA was synthesized from 
the size-fractionated RNA using standard techniques!^?, The cDNA was sıze- 
fractionated on a Sephacryl 8-400 column and fractions 7500 bp long were pooled 
and tailed with dCMP residues? The tailed cDNA was annealed to dGMP-tailed, 
PstI-cut pBR322 (NEN) and used to transform E. coli strain MM294 according 
to the procedure of Hanahan?*, ~20,000 transformants were obtained from 25 ng 
cDNA. 5,000’ transformants were picked into microtitre plates and grown to 
saturation in LB-broth containing 15 pg mi? tetracycline. The 5,000 selected 
transformants were replica-plated onto nitrocellulose filters and hybridized to 
32р labelled cDNA synthesized from polyadenylated, unstimulated macrophage 
RNA”, Colonies hybridizing strongly were eliminated from further consideration 
and 768 of the remaining colonies screened by the hybrid selection procedure 
described in Table 1, résulting in the ' Solation of p2Cl. The insert from p2Cl was 
32р labelled by mck- translation and used to screen the whole library, resulting in 
the identification of p9H. An oligonucleotide was synthesized from the sequence 
of p2Cl, 5' GTIGGTICCACTCTTAC3’, complementary to nucleotides 959-975 
(b). This was ??Р- labelled by T, polynucleotide kinase and [у-22РЈАТР and’ used 
to rescreen the library? , resulting in the isolation of clones p5B and p8A A 324-bp 
PsiI/ Haelll fragment ‘isolated from p8A was then used to probe the library, 
resulting in the isolation of p18E and p10A. b, Restriction endonuclease fragments 
from the cDNA clones were subcloned into М13тр18 or тр19 (ref 37) and 

sequenced by the chain-termination method" as described previously ^^? 


The low levels of IL-1 activity secreted by the oocytes raised 
the possibility that IL-1 might be sequestered inside the oocyte. 
However, oocyte homogenates were highly inhibitory to the 1A5 
conversion assay because, when 4,000 U of purified IL-1 was 
mixed with homogenates from uninjected oocytes, no IL-1 
activity could be demonstrated. Subsequently, we found that 
mRNA translated in rabbit reticulocyte lysates could generate 
much higher levels of IL-1 activity, so we used this system. 

Polyadenylated RNA showing IL-1 activity was size-fraction- 
ated on denaturing agarose gels and fractions assayed for IL-1 
mRNA content (data not shown). The fraction having the highest 
activity was "used to construct a cDNA library of ~20,000 
transformants in plasmid pBR322 by established techniques! 13, 


IL-1o-containing plasmids 
The production of high levels of IL-1 activity in reticulocyte 


lysates allowed the identification of IL-1 cDNA clones by hybrid 
selection of biologically active IL-1 mRNA. Starting with 5,000 
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5 - -ТСАСССАСТСАТТТСАТТОССОТТТСАОТСАССАААСААСТСААС 


ATG ССС AAA GIT ССА САС АТС ТТТ GAA САС СТС ААС AAC ТСТ TAC АСТ САА ААТ САА GAA 


Met Ala Lys Val Pro Азр Met Phe Glu Авр Leu Lys Asn Cya Tyr Ser Glu Asn Glu Glu 


САС АСТ ТСС ТСС ATT GAT САТ СТС TCT СТС AAT CAG AAA TCC TTC TAT CAT GTA AGC ТАТ 
Asp Ser Sec Ser Ile Asp His Leu Ser Leu Asn Gln Lys Ser Phe Tyr Hie Val Ser Tyr 


GGC CCA CTC CAT GAA GGC TCC ATG GAT CAA TCT GTG TCT CTG AGT ATC TCT GAA ACC TCT 
Gly Pro Leu His Glu Gly Cys Met Asp Gln Ser Val Ser Leu Ser Ile Ser Glu Thr Ser 


AAA ACA TCC AAG CTT ACC TTC AAG GAG AGC ATG GTG GTA GTA GCA ACC AAC GGG AAG GIT 
Lys Thr Ser Lys Leu Thr Phe Lys Glu Ser Met Val Val Val Ala Thr Asn Gly Lys Val 


СТС AAG AAG AGA ССС TTG AGT ТТА AGC CAA TCC АТС ACT САТ GAT САС СТС GAG ССС АТС 
Leu Lys Lys Arg Arg Leu Ser Leu Ser Gin Ser Ile Thr Asp Asp Asp Leu Glu Ala Ile 


Alul 
GCC AAT GAC TCA GAG GAA GAA ATC ATC AAG CCT AGG TCA GCA CCT TIT AGC TIC СТО AGC 
Ala Asn Asp Ser Glu Clu Glu Ile Ile Lys Pro Arg Ser Ala Pro Phe Ser Phe Leu Ser 
c 
Asn 


AAT СТС AAA TAC AAC ТТТ ATG AGG ATC ATC AAA TAC GAA TTC ATC СТО AAT GAC GCC CIC 
Aen Val Lys Tyr Asn Phe Met Arg Ile Ile Lys Tyr Glu Phe Ile Leu Asn Asp Ala Leu 


AAT CAA AGT ATA ATT CGA GCC AAT GAT CAG TAC CTC ACG GCT GCT CCA TTA CAT AAT СТО 
Asn Gln Sec Ile Ile Arg Ala Asn Asp Gln Tyr Leu Thr Ala Ala Ala Leu His Asn Leu 


САТ GAA GCA GTG AAA ТТТ GAC ATG ССТ ССТ TAT AAG TCA TCA ААС GAT САТ GCT AAA ATT 
Asp Glu Ala Val Lys Phe Aap Met Gly Ala Tyr Lys Ser Ser Lys Asp Asp Ala Lye Ile 


ACC GTG ATT CTA AGA ATC TCA AAA ACT CAA TTG TAT GTO ACT GCC CAA GAT GAA GAC CAA 
Thr Val Ile Leu Arq Ile Sec Lys Thr Gin Leu Tyr Val Thr Ale Gin Asp Glu Asp Gin 


CCA GTG AAG GAG АТС CCT GAG ATA CCC AMA ACC АТС АСА СОТ AGT GAG ACC AAC 
Pro Val Leu Leu tre Glu Met Pro Glu Ile Pro Lys Thr Ile Thr Cly Ser Glu Thr 
CAT 


СТС СТС TTC TTC тоб GAA АСТ CAC СОС АСТ AAG AAC ТАТ TTC ACA TCA GTT GCC 
Leu Leu Phe Phe Trp Glu Thr His Gly Thr Lys Asn Tye Phe Thr Ser г Val Ala Hie Pro 


AAC TTG ТТТ АТГ GCC ACA AAG САА GAC TAC TCG GTG ТОС TTG GCA GGG оба ССА ССС ТСТ 
Asn Leu Phe 11е Ala Thr Lys Gln Аар Tyr Trp Val Cys Leu Ala Gly Gly Pro Pro Ser 


АТС ACT САС ТТТ САС ATA СТС GAA AAC САС GCG TAG СТСТОСАСТСТСАСТТСТСТСАСТТОТОСАС 
Ile Tnr Авр Phe Gin Ile Leu Glu Asn Gin Ala End 


Hinc2 Ndel 
TCTTGACACTTCATATCTACC: АТОТАСАТСЛАСААССТАААТССТТТАСТОТТАСТСАТТТОСТСАССАТОТІ 'АСТСАСС 
‘ 


СТТСТААТТСТАААТСААТСТТТАСАСТСТТТОТААСАСТОСААССААСАСТААСАТАТААТСТТОСТТАТТТАААСААС 
ACCCTATATTTIGCATAGTACCAATCATTTTAATTATTATICTICATAACAATTTTAGGAGGACCAGAGCTACTGACTA 
ТСССТАССАААЛАСАСТСТАСССАТАТТАСАСАТССССАЛАТТААСОСАТААСААААСТААСАААТАТОСАСААТАССА 
СТТСАААСААСААСССАСАСАССТАССАТТТСАТСАТТТСАТТТІСААСТСТТТОССТТСТОСТТТТААЈТТОСТОАТСА 
АСТСТТААТСАЛАТАССАТААСТТТСТСССАССТСАСТТТТАТСАТТІТСААААТОСАОСААТААТАССТААСССТТС 
СТСССССААСАСТТТТТТАТОСТААТСАСОСАССТСАТТТТССТААААТАСТТСТССААСССОАСССТСААСАТСААОС 
САААССАССАААТОТТАТТТТТТААТТАТТАТТТАТАТАТОТАТТТАТАЛАТАТАТТТААСАТААТТАТААТАТАСТАТ 
АТТТАТСОСААССССТТСАТССТСТСАОТОТСАССАСОСАТССТССАСААТАОСАСАСАОТОТТТТСТООСАТААОТАА 
СТТТСАТТТСАТТААТАСАССССАТТТТССТССААСТТСТОСТТАТСССАТАСССАОСАААСТСТОСАТТСТАОТАСТТ 
СССАСАССТСТААТСАТАТААТАААТСТАСАТТААТТАССТТСАСССАСТААТТОСТСССАТСТТТСАСТСТТТТСССА 
ТТАЛАСТТАССТОСССАТТСТТОТТТСАТТСААТТССАССТОСААТСААСТССТАСААОСТААААТТАСАТСААСТСАА 
СТТТСАСААССАТАСАССАСТОТТАТСААЛАСТТТСТТТТСТОСЛАТСТААТСААТСТТТСТТСТАССТТСТАААААТТ 
ОТСАТСАСАССАТААТОТТАСАТТАТТАТСААСААТАОТСАТТСАТАСАСТОТТАТСАОТСАТААСТАААТАААССТТС 
ГААСАЛААЛААЛАЛАААААААЛАААА- - 3 
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transformants from the library, we eliminated from considera- 
tion those clones that were resistant to ampicillin (which presum- 
ably lacked a cDNA insert) and those that contained cDNAs 
corresponding to abundant mRNA common to both unstimu- 
lated and LPS-stimulated macrophages. Such clones were iden- 
tified by their strong hybridization to ?P-cDNA synthesized 
from unstimulated macrophage RNA. Of the remaining 2,000 
clones, 768 were screened'in pools of 48 for IL-1 activity using 
a hybrid selection procedure (Table 1). Two pools of plasmid 
DNA were positiye in this assay and were broken down further 
until two individual cDNA clones (p2C1 and р11Е6) were 
obtained that selected RNA yiedling IL-1 biological activity. 
Although the IL:1 activity selected by p2C1 in the third screen 
was not as great as that selected by p11F6, it was significantly 
above background values. In subsequent experiments, the two 
plasmids selected comparable levels of IL-1 activity (several 
thousand U т), and were found to cross-hybridize (data not 
shown). 











Fig. 2. a, Restriction map of р11-1-14. PstI sites in brackets are 
those generated by the cloning procedure. Box, protein coding 
séquence; open box, N-terminal portion of the primary translation 
"product removed during proteolytic processing; closed box, M, 
- 17,500 biologically active portion of IL-18 isolated from activated 
macrophage supernatants. b, Nucleotide and predicted amino-acid 
sequence of the IL-18 primary translation product. Amino acids in 
capitals indicate those residues confirmed by protein sequencing 
analysis. Numbering of nucleotides is negative for the 5' non-coding 
region and positive from the presumed initiator methionine codon. 
Protein numbering begins at the initiator methionine. Underlined 
amino acids refer to the first cycle of different protein sequence 
analyses. Star, NH;-terminal residue of the M, 17,500 form of IL-18 
(Ala 117). The Hpall site was used in construction of plasmids used 

for expression of TL-18 (Fig 4, Table 2). 
Methods. a, A cDNA library was constructed from size fractionated, 
polyadenylated human macrophage RNA as. described in Fig. 1а. 
A 62-nucleotide probe was constructed using the amino-acid 
sequence data corresponding to amino acids 133-158 (see below). 
The probe (5 ACTTGTIGTICCATGTCTIGGCCTIGCAGG 
TGCAGGGCTTTCAGTICGTAGGGGCCGGACAT 3) © was 
labelled to high specific activity with T, polynucleotide kinase and 
7 [у-??Р]АТР and used to screen the library". Positive colonies were 
analysed by restriction mapping using standard techniques”. b, 
Nucleic acid sequencing: Various restriction fragments of pIL-1-14 
were cloned into Mi3mp18 or M13mp19 and sequenced as described 
in Fig. 1. Protein sequencing: amino-terminal sequencing: ~12 pg 
(680 pmol) unmodified IL-18 was placed in a protein sequencer 
(Applied Biosystems Model 470A) and analysed according to 
manufacturer's specifications. Phenylthiohydantoin amino acids 
were identified by HPLC as described previously. Residues 117- 
123 and 125-136 were identified and tryptic peptides prepared as 
follows: 10.5 рр (600 pmol) IL-18 was partially digested with 250-ng 
trypsin for 2h at 25 *C, reduced, carboxymethylated and injected 
onto a Vydac C18 Model 218TP54 4.6 x 250 mm HPLC column and 
fractionated by а 0.5% min"! linear gradient of acetonitrile in 0.1% 
(v/v) trifluoroacetic acid at 0.7 ml min '.. Fractions: (0.7 ml) were 
concentrated and analysed by sequencing. Residues identified were 
.121-123 and 125-126; 133-158, 162-167 and 169-171. S. aureus V8 
protease-specific peptides were obtained as follows: 10.5 pg 
(600 pmol) IL-18 was digested with 250 ng V8 protease for 8 h at 
25*C, reduced, carboxymethylated and fractionated as described 
above. Residues identified were 181-186, 200-203, 213-218 and 
230-238. Fragmentation by CNBr was performed on the same sample 
that had been used to obtain the. N-terminal sequence. After 20 
cycles of NH -terminal sequencing, the filter in the glass block holder 
was removed and placed into a small beaker. The filter was saturated 
with 30 yl of a solution containing 15 mg CNBr in 100 pl 70%. (v/v) 
HCOOH. The remaining solution was placed open in the beaker, 
the beaker sealed with Parafilm and placed in the dark. After 20h 
at room temperature, the filter was dried under vacuum and placed 
back into the sequencer. Five simultaneous sequences were. seen, 
differentiated from each other by their wide range of relative yields. 
We identified clearly residues 153-158; 161-167 and 169-171; 212- 
218; 220-224 and 225-226: 247-252; and 265-269. All these amino 

acids confirmed the sequence obtained from the cDNA. 


Nucleotide sequence analysis of p2C1 showed that it con- 
tained a non-coding region of IL-1 mRNA. Therefore, nick- 
< translated and oligonucleotide probes derived from p2C1 were 
used to isolate further homologous cDNA clones. from the 
library (Fig. 1). 5' probes from these new clones were then used 
to identify further cDNA clones, each able to select biologically 
active IL-1 mRNA (data not shown). The nucleotide sequence 
` of IL-1 mRNA defined by the overlapping cDNA clones is 

shown in Fig. 1. It predicts an mRNA size of at least 2,002 
nucleotides, excluding the poly(A) tail. Primer extension analy- 
sis indicated that the IL-1 mRNA extends —15 nucleotides 
upstream of the sequence shown here (data not shown). A single, 
large open reading frame of 271 amino acids was found at the 
5' end of the mRNA encoding a protein of predicted M, 30,606 
(designated IL-1a). Although IL-1 is thought to be a secreted 
protein, the predicted sequence does not contain a classical 

N-terminal signal sequence of largely hydrophobic amino acids 
Such as are found in other lymphokines!^"', nor does it have 
гапу long internal hydrophobic amino-acid sequences. 

While this work was in progress, Lomedico et al. published 
the cloning and sequencing of a murine IL-1 cDNA". Com- 
parison of the two predicted amino-acid sequences reveals that 
they are 62% homologous, suggesting that the gene cloned here 

_is the human homologue. They have also defined the N-terminus 
-of-a subset of biologically active murine IL-1 molecules at 
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- TTCGAGGCACAAGGCACAACAGGCTGUTCCGGGATTCTCTTCAGCCAATCTTCATTGCTCAAGTGTCTGAAGCAGCC 


ATG GCA GAA СТА CCT САС СТС ОСС АСТ GAA ATG ATG ССТ TAT TAC AGT GGC ААТ GAG GAT 
Met Aia Glu Val Pro Giu Leu Ala. Ser Glu Met Met Ala Tyr Tyr Ser Giy Asn Giu Ase 
10 20 


GAC 
Asp 


TM TIC 
Leu Phe 


TTT САА GCT GAT GGC ССТ AAA САС. ATG ААС ТОС TCC 
Phe Glu Ala Asp Gly Pro Lys Gin Met Lys Cys Ser 
0° 


ТТС CAG GAC 


120 
Phe Gin Азр s 


tac CCT 1867 


Cys Fro 


САТ СОС 
Asp Gly 


GGC. АТС САС СТА ССА АТС TCC САС САС 
Giy lie Cin teu Arg ile Ser Asp His 
5 к 


САС ТАС АСС 


teu Mis Tyr Ser 


AGG CAG 
Arg Gin 


GCG TCA 
Ala Ser 


СТО АСС ААС ATG СТО 


СТТ GIT СТС ССС АТС САС ААС 
Leu Arg Lys Met Leu 


Vai Val Val Ala Met Asp Lys 
30 


24097. 


€ ССА САС 
Его Gin 


Tre 
Phe 


CAG 
Gin 


GAG ААТ САС 
Glu Asn Asp 


СТС АСС ACC TTC ТТТ ССС TTC АТС ТТТ 
Leu Ser Thr Phe Phe Pro Phe Ile Phe 
90 100 


ж 
AAC САС ОСТ ТАТ СТО САС GAT ОСА ССТ 


АСА TGG САТ 
Thr Trp Asp Asn Glu Ala Tyr Val His Asp ALA PRO 
110 120 


Нос1 ] 

CGG GAC TCA CAG САА AAA AGC ТТС СТС ATG ТСТ СОТ С 

АВС АЗР SER GLN СІН LYS SER LEU VAL MET SER GLY 
130 140 


GTG CTG TTC 


CCT ATC 
Pro lie 


ттт 
Рпе 


САС 360. 
Ase Н 
СТС ААС 4 
LEU ASN 


ACG 
THR 


CTC 
LEU 


СТО ААА 
LEU LYS 


етс 
LEU 


CAC 
HIS 


CTC CAG ОСА САС GAT ATG GAG CAA САА 
LEU СІН GLY GLN АЗР MET GLU.GLN GLN 
150 


C TTT OTÀ 
PHE VAL 


GGA 
GLY 


GAA 
GLU 


GAA AGT AAT 
GLU Ser ASN 


GAC AAA АТА CCT СТС GCC 
ee LYS 11е Pro Val Ala 


TTG GGC CTC AAG $40. 
Leu Gly Leu Lys 2 
AAT CTG 
ASN LEU 


стс 
LEU 


TCC 
SER 


тос 
Cys 


ото TTG 
Val Leu 


AAA GAT САТ AAG 
Lys Asp Asp Lys 
30 


ССС АСТ CTA CAG СТС 
Pro Thr Leu Gin Leu 


GAG 
Gla 


500 


САТ CCC 
ASP PRO 


AAT 
Asn 


TAC 
Tyr 


CCA AAG ААС AAG АТС САА AAG CGA ТТТ GTC ТТС AAC 
Pro Lys Lys Lye Met GLU LYS ARG РНЕ VAL РНЕ ASN 
210 


GAA ТТТ САС ТСТ GCC САС TTC CCC AAC. ТОС TAC АТС 
GLU Phe Glu. SER ALA СЫН РНЕ PRO ASN ТЕР TYR ILE 


AAG 
Lys 


ATC AAT 
ILE ASN 


AAG 
Lys 


стс 
LEU 


AGC 
Ser Thr 


ТГ САА GOA Су 
Glin Ala G 


ААГ 
Asn 


ATG 
Met 


cce GTE TTC 
PRO VAL: РНЕ 


ААА GGC GGC САС САТ ATA ACT 
Lys Gly Gly Gin Asp Ile Thr 
260 


ITG ТСТ ТСС ТАА АСАСАССТСТАСССАСАСАСТССТСТОСТСААТСТССАС 
РНЕ VAL SER: SER End 


СТО GGA GGG ACC 
LEU GLY GLY Thr 
250 


САС ТТС АСС 
Asp Phe Thr 


CAA TTT 
GLN 
TCAATCCCTAGOGCTGGC AGAAAGGGAAC &KCAAAGOTTTTTGAGTACGGCTATAGCCTGGACTTTCCTGTTOTCTACAC 
CAATGCCCAACTGCCTGCCTTAGGOT AGTGCTAAGAGGATCTCCTGTCCATCAGCCAGGACAGTCAGCTCTCTCCTTTC 


AGGGCCAATCCCAGCCCCTTTTGTTGAGCCKEGGCCTCTCT -3° 1047 


Ser 115 (ref. 10). By matching the sequences of murine IL-1 and: 
human IL-la, this corresponds to Ser113 in the human 
sequence. The relationship between different IL-1 molecules 
will be discussed below. 


Cloning of IL-18 


In a separate approach to the definition of IL-1, we have reported - 
previously the purification (from activated macrophage super- 
natants) of a М, 17,500 protein with IL-1 activity". We attempted 
to sequence this molecule to design oligonucleotide probes to 
identify IL-1 cDNA clones. However, amino-terminal sequence 
analysis of this purified protein yielded ambiguous results 
because of a low absolute yield in the first cycle, followed Буа 
very sharp decline in repetitive yield. Therefore, we fragmented. 
the molcule enzymatically. We performed a partial tryptic digest 
on 600 pmol protein and, after reduction and carboxymethyla- 
tion, fractionated the resulting peptides by reversed-phase 
HPLC. A M, 13,500 peptide was isolated in high yield. Sequence 
analysis of this fragment showed a continuous stretch of 26 
amino acids followed by 10 identifiable residues in the sub- 
sequent 14 cycles. The 26 amino-acid stretch (Ser 133-Phe 158; 
Fig. 2) was used to design (based on published human codon 
frequencies) a synthetic, 62-base oligonucleotide probe (see Fig. 
2 legend) which was ""P-labelled and used to screen the size- _ 
fractionated macrophage cDNA library. Several positively ` 
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Fig. 3 Northern blot analysis of: a, IL-la; b, IL-18 mRNA. a, 
Lane 1, 5 ug total RNA from mitogen-stimulated peripheral blood 
T cells; lane 2, unstimulated peripheral blood macrophages; lane 
3, LPS-stimulated peripheral blood macrophages. b, Lane 1, 5 pg 
total RNA from unstimulated peripheral blood macrophages; lane 
2, LPS-stimulated peripheral blood macrophages. 

Methods. Total RNA was extracted from LPS-stimulated and 
unstimulated macrophages as in Fig. 1, and from peripheral blood 
T cells stimulated with the mitogens concanavalin A (20 pg ml!) 
and phorbol myristic acetate (10 пр ml!) as described pre- 
viously'^. RNA was electrophoresed on 1.5% agarose gels contain- 
ing formaldehyde and transferred to nitrocellulose filters". Blots 
were hybridized with *P-RNA probes synthesized by SP6 poly- 
merase as described previously. The IL-la probe used was 
derived by subcloning a 1,020-bp Рх/1/ HindIII fragment from p9H 
into pSP64 (Promega Biotec). The IL-18 probe was derived by 
subcloning the insert from pIL-1-14 into the PstI site of pSP64. 
Hybridization was for 16 h at 63 °С in Stark’s buffer?'. Blots were 
wished in 0.1 x SSC for 30 min at 68 °C and autoradiographed with 
intesifying screens. The position of large (28S) and small (18S) 
ribosomal RNAs indicated were determined by direct visualization 

of the unbaked blot with a short-wave ultraviolet lamp. 


hybridizing clones were isolated, one of which, pIL-1-14, was 
chosen for nucleotide sequencing (Fig. 2). The clone, 1,124 base 
pairs (bp) long, contained the probe sequence with 12 mismat- 
ches out of 62 nucleotides and encoded the protein sequence 
' obtained from the М, 13,500 tryptic fragment. 

The sequence of pIL-1-14 defined a single large open reading 
"frame of 269 amino acids encoding a protein with a predicted 
M, of 30,749 (Fig. 2). We found a presumptive initiator methion- 
ine codon flanked by sequences closely conforming to the con- 
sensus sequence suggested for mammalian translational initi- 
_ation’* 78 bp from the 5' end of the pIL-1-14 cDNA sequence. 
Тһе cDNA insert contained 240 nucleotides of 3' non-coding 
sequence but did not extend far enough to include the poly- 
.adenylation site and poly(A) tail. Primer extension analysis 
indicated that the message extended ~10 nucleotides 5' of 
plL-1-14 (data not shown). The predicted amino-acid sequence 
< of the protein encoded by pIL-1-14 (designated IL-18) showed 
only limited homology to that of IL-1a (see below). 

v To establish the location of the М, 17,500 form of IL-1 in the 

269 amino-acid open reading frame, we sequenced a larger 
preparation (~680 pmol) of purified IL-18, and could distin- 
guish a major signal corresponding to the sequence starting at 
Ala 117, and which agreed with the sequence predicted from 
piL-1-14 for the subsequent 20 amino acids (Fig. 2). Although 
a yield of only 266 pmol (39% ) was obtained for the N-terminal 
‚ sequencing run, no other discrete N-termini were found. These 
results were confirmed by additional runs on the same, and 
other, preparations of IL-1 protein. A similar result was reported 
for murine IL-1 (ref. 10). Sequence analysis of peptides gener- 
ated from a Staphylococcus aureus V8 protease digest and from 
in situ cyanogen bromide cleavage of IL-18 (Fig. 2 legend) 
yielded additional confirmation of protein sequence predicted 
by the cDNA sequence at 96 positions of the 153 amino-acid 








sequence (capitalized amino acids in Fig. 2) predicted for the 
M, 17,500 11-18, including definition of the carboxy-terminus 
at Ser 269. A potential N-glycosylation site is present at Asn 123, 
although there is no previous evidence that 11-18 is a glyco- 
protein". Direct protein sequencing detected asparagine at 
this position, confirming the absence of carbohydrate. Thus, the 
M, 17,500 form of IL-18 extends from Ala 117 to Ser 269 and 
represents a carboxy-terminal segment of the primary translation 
product. The predicted M, of this form of IL-18 is 17,377, in 
close agreement with the M, of 17,500 determined previously’. 

Similar to IL-1o, the amino-acid sequence predicted for the 
primary translation product of IL-18 does not contain any 
N-terminal or internal stretches of hydrophobic amino acids 
that resemble conventional secretory signal sequences. 


IL-1 mRNA expression 


We analysed IL-1 mRNA levels in stimulated and unstimulated 
macrophages by Northern blotting using IL-1o and IL-18- 
specific probes (Fig.3). In both cases, we detected a single 
predominant species of RNA much more abundant in LPS- 
stimulated than unstimulated macrophage RNA. The low levels 
of IL-1 RNA in unstimulated macrophages resulted from partial 
activation during culture as cells cultured under pyrogen-free 
conditions do not have detectable IL-1 RNA (К.С. and A.L., 
unpublished). The sizes were estimated to be 2,100-2,200 nucleo- 
tides for IL-1a mRNA and ~1,800 for IL-18. Neither [L-la 
mRNA (Fig. 3a) nor IL-18 mRNA (data not shown) was 
detectable in RNA extracted from peripheral blood T cells 
activated with the mitogens concanavalin A and phorbol myristic 
acetate, even on longer exposure of the autoradiogram. 
Interestingly, IL-18 mRNA seemed to be ~10-fold more 
abundant than IL-1a mRNA. IL-1a cDNA clones were present 
at a frequency of —1 in 1,000 in the size-fractionated cDNA 
library, whereas IL-18 cDNA clones were present at —1 in 100. 
Given an estimated enrichment for IL-1 mRNA by agarose gel 
electrophoresis of ~10-fold, this would predict abundances of ^ 
~0.01% and 0.1% of the poly(A)* RNA from LPA-stimulated — 
macrophages for IL-1o and IL-18 mRNAs, respectively. 
Although IL-1« and IL-18 mRNAs are induced by the same 


stimulus (LPS), it is not known whether they are produced by - | 


the same cell type in the peripheral blood monocyte population. 
The availability of specific nucleic acid and antibody probes for 
IL-1a and IL-18 should clarify this issue. 


Expression of IL-la and IL-18 activity 


Evidence presented here for IL-18, and by Lomedico et al. for 
the murine homologue of IL-1a'°, suggests that the biological 
activity of the two IL-1 molecules resides in their C-terminal 
153 and 159 amino acids, respectively. To prove this, we con- 
structed plasmids designed to direct synthesis by E. coli of these 
portions of IL-1a and IL-18. We used synthetic oligonucleotides 
that added a ribosome binding site and initiation codon to the < 
C-terminal 159 amino acids of IL-1a (beginning at Ser 113) ог 
to the C-terminal 153 amino acids of IL-18 (beginning at 





Table 2 Expression of IL-1 biological activity 





Plasmid IL-1 in culture {U m^!) 
30°C 43°C 
pILPa 32x10 53 x10* 
pILPB 41x10? 14x10? 
pILPc ND ND 


pM MU MM M E tne 


Cells were grown at 30°C to an Ао = 1.0 in induction broth. (M9 
medium supplemented with 32 g 17! tryptone, 20 g 17' yeast extract and 
0.4% glucose). Cultures were then grown at 43°C for 1 h. Cells from 
1 ml culture were pelleted and quick-frozen on dry ice/ methanol. Before 
assay the cells were dissolved in.50 pI 7 M guanidine hydrochloride. 
IL-1 biological activity was assayed as described for Fig. 1a. Results are 
expressed as IL-1 units per ml Е, coli culture. ND, not detected. No 
biological activity over background control at a sample dilution of 1:50 
(1A5 assay). 
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Fig. 4 The expression plasmid, pILPc, was 
constructed by replacing ‘the BamHI/ EcoRI 
fragment of pKK223-3 (Pharmacia), contain- 
ing the Tac promoter, with a Sau3A/ EcoRI 
fragment from pPLc28 (ref. 44) that contains 
the A Р, promoter. Synthetic oligonucleotides 
were usedto providean E. coh ribosome binding 
site, a translational initiation codon and the 
codons for amino acids Ser 113-Ser 117 for IL- 
1а ог Ala 117- Leu 126 for 11-18 To construct 
pILPa, the oligonucleotides were ligated 
together with a 720-bp pair AluI/ HindIII frag- 
ment into EcoRI/ HindIII-cut pILPc. This frag- 
ment was derived from the yeast expression 
plasmid, pYafIL-1a (V.P., unpublished), and 
specifies amino acids118-271 of IL-1o followed 
by 200 bp of sequence originally derived from 
the 3' non-coding region of the human IL-2 
gene. To construct pILP®, the oligonucleotides 
were ligated together with а 669-bp Hpall/ Pst] 
fragment from pIL-1-14 into EcoRI/ PstI-cut 
pILPc This fragment specifies amino acids 127- 
269 of IL-18. Т,Т,, transcriptional termination 
sites from the rrnB operon pILPc, pILPa and 
pILPB transformed into Е. coli strain AHI (ref. 
45) that produces a thermolabile repressor of 
the P, promoter. 


Eco RI 
pILPa 


' 
t 
1 
i 
i 
1 
1 


pILP, 


Ala 117), and placed this under transcriptional control of the A 
phage Р, promoter (Fig. 4). The resulting plasmids, pILPa and 
pILPf, were introduced into cells containing a thermolabile 
repressor of P; transcription. On heat induction, the cells pro- 
duced high levels of IL-1 activity that could be extracted from 
the cells by 7 M guanidine hydrochloride as detected in the 1A5 
conversion assay (Fig. 4, Table 2) or thymocyte co-mitogenesis 
assay? (data not shown): No IL-1 activity was found in cells 
transformed with a control plasmid lacking IL-1 sequences. 


Interleukin-1 relationships. 


To determine the degree of homology between the IL-18 
sequence and the related sequences for human 1-1 а and murine 
IL-1'5, we aligned them as shown in Fig. 5a, with several inser- 
tion/deletion gaps to obtain the maximum number of identical 
residues. The amino-acid sequences for human JL-la and 
murine IL-1 are closely related, having 167 out of 271 (6296) 
identical positions, whereas 11-18 is only distantly related to 
either of the other molecules, with 70 out of 271 identical 
positions (26%) with human 11-10 and 80 out-of 270 (30%) 
with murine IL-1. Slightly over half of the identical positions 
between the IL-1 proteins occur in the M, 17,500, C-terminal 
biologically active portion of the molecules, and a large propor- 
tion of these occur in the middle and C-terminal regions (Val 


164-Ile 266 of 11-10) of the M, 17,500 forms, suggesting that ` 


* these areas comprise portions of the molecules more critical for 
their biological activities. In contrast, very few residues are 
shared between the three proteins in the N-terminal third (Ser 
113-Ala 163 of IL-1a) of the processed IL-1 sequences. This 
sequence diversity suggests that the N-terminal region of the 
M, 17,500 form either is not involved in a biological role or 
provides an area for expression of different biological functions 
in each inolecule. 

Of the residues common to all three proteins, 4796 (28 of 59) ' 
occur in the portion of the primary translation product that 
precedes the active M, 17,500 IL-1 segment. In this region, 81 
out of the 167 identical residues between human IL-1« and 
murine IL-1 occur, showing that these portions of the molecules 
are more homologous (81 of 112; 72%) than the M, 17,500 IL-1 
segments (86 of 159; 5496). IL-18 also has more homology with 
both molecules in this region. Such a degree of homology would 
' not be expected for a'non-functional portion of a protein. 
"Therefore, it seems plausible that the N-terminal halves of the 
IL-1 gene products serve some as yet unknown biological func- 
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AATTCTAGGATAAT TA ATG GCA CCT GTA CGA TCA CTG AAC TGC ACG CTC 
GATCCTAT TAAT TAC CGT GGA CAT GCT AGT GAC TTG ACG TGC GAG GC 
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tion. Indeed, several biological activities have been associated 
with high M, forms of IL-1*?, some of which may be related 
to the conserved N-terminal segment. 

Note that although there is only 26% homology between the 
two human IL-1 protein sequences, significantly more occurs at 
the nucleic acid level (4595). Thus, it is possible that a gene 
duplication event gave rise to the two IL-1 molecules. The degree 


' of divergence between the two sequences indicates that the 


duplication was an early event on the evolutionary scale”, 
The structural features common to all three IL-1 polypeptides 
are illustrated in schematic form in Fig. 5b. All three primary 
translation products have a higher degree of homology in the 
amino-terminal 75-80 residues. This segment (N in Fig. 5b) does 
not seem to contain a signal sequence or membrane spanning 
region. In fact, it has no features that would serve to distinguish 
it from typical globular protein sequences. Following the N- 
terminal domain, all three IL-1 molecules have a short section 
of multiple basic residues (-- in Fig. 5b). This segment is reminis- 
cent of known proteolytic processing sites іп  pro- 
hormone precursors?"?^, maturation cleavage sites of the haem- 
agglutinin protein of influenza virus? and complement com- 
ponent C3 (ref. 24). Although the mechanism for IL-1 processing 
is unknown, it is tempting to speculate that this region serves 


` as a proteolytic processing site to yield an intermediate polypep- 


tide from which biologically active fragments are produced by 
further proteolytic cleavage. The segment following the multiple 
basic residues is less conserved in the three molecules, but in 
all cases, this segment (— in Fig. 5b) contains many acidic amino 
acids. No basic residues are found in this region, except just 
before the amino terminus of the active IL-1 segments. Such a 
negatively charged region, present in all three molecules, prob- 
ably has a conserved structural or functional role. The rest of 
the sequence comprises the processed active М, 17,500 IL-1 
region. 


Discussion 


We have isolated cDNA clones representing two distinct but 
distantly related forms of human IL-1, IL-la and 11-18, from 
LPS-stimulated macrophage RNA. Although the nucleotide 
sequence of the cDNA clones predicts primary translation 
products of M, 30,606 and 30,749 for П -1о and IL-1, respec- 
tively, we have shown that the C-terminal 159 and 153 amino 
acids are sufficient for the production of IL-1 biological activity. 
Previous reports have characterized IL-1 activities as having 
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HNL А COOH 
Fig. 5 a, Alignment of human IL-1o, murine IL-1!? and human 


IL-18 amino-acid sequences. Numbering begins at the presumed 
initiator methionine; numbering above the top row is for IL-1a; 
that below the bottom row 1s for IL-18: Boxed residues indicate 
identities between two or more of the sequences. Star above Ser 113, 
presumed NH»;-terminus of IL-1a; star below Ala 117 of IL-18 
NH,-terminus as defined by protein sequencing. Alignment pre- 
sented was determined by a combination of computerized 
тећой2046, hydrophilicity, analysis?" and visual inspection. b, . 
Schematic representation of the common features of IL-1 polypep- 
tides. Stippled box (N), N-terminal conserved region from Met 1 
to Gly 78 in IL-1a, or to Asp 72 in 11-18. Small open box (+), 
multiple basic region (Lys 79- Arg 85 in IL-1a, or Lys 73-Lys 76 
in IL-18). Hatched box (—), negatively charged region (Leu 86-Arg 
112 in IL-1a, or Met 77-Asp 116 in IL-18). Closed box ('Active 
IL-1’), C-terminal region of the primary translation product rep- 
resenting the extent of the processed, active M, 17,500 IL-1 (Ser 
113-Ala 271 for IL-la; Ala 117-Ser 269 for IL-18). > 


M,s of —30,000 and 17,000. Our results resolve this inconsistency 
and support the concept that human IL-1s are synthesized as 
higher M, precursors that are proteolytically cleaved to M, 
17,500 active forms, as has been proposed for murine 11-18. 


However, we have not yet defined all of the naturally occurring, . 


biologically active forms of IL-1e and IL-18; this will require 
the generation of specific antisera against these molecules. 

An interesting difference between 11-10 and IL-18 is that 
the primary translation product of 11-10 seems to be biologi- 
cally active, judged by the production of IL-1 activity by hybrid- 

. selected IL-1o mRNA in a rabbit reticulocyte lysate (Table 1). 
In contrast, hybrid-selected IL-18 mRNA was not biologically 
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active under the same conditions, even though a protein corre- 
sponding to the IL-18 primary translation product could be 
seen clearly when the hybrid-selected: IL-18 mRNA was trans- 
lated in a reticulocyte lysate supplemented with *°S-methionine 
and analysed on an SDS-polyacrylamide gel (data not shown). 
It is also possible that the primary translation product of IL-1a 
is more efficiently cleaved to a smaller active form. This sugges- 
tion is supported by the presence of a basic amino acid immedi- 
ately before Ser 113 that might be a cleavage site for a trypsin-like 
protease. 

Unlike other secreted proteins, IL-1o and 11-18 do not con- 
tain a stretch of hydrophobic amino acids, either at the N- 
terminus or internally, raising the possibility that IL-1 is not 
actively secreted by macrophages, but is released by damaged 
cells”. This conclusion is supported by the inefficient release 
of IL-1 activity by Xenopus oocytes injected with IL-1 mRNA 
or by COS-7 monkey kidney cells transfected with IL-1 
expression vectors (data not shown). Alternatively, macrophages 
may. export IL-1 by a mechanism distinct from that described: 
for other secretory proteins. 

Recently, Auron et al reported the sequence of a cDNA 
clone that is very similar to IL-18!!. There are seven nucleotide 
substitutions between the two sequences, five of which are silent 
changes. Plasmid р11:-1-14 has an adenine instead of a guanine 
at nucleotide 16, changing lysine to glutamic acid, and lacks 
the upstream, out of frame, potential initiation codon found in 
the sequence of Auron et al. (position —23 in Fig. 2). All the 
nucleotide substitutions in our sequences have been verified by 
sequencing other IL-18 cDNA clones, and presumably represent 
allelic differences or reverse transcriptase errors. Van Damme 
et al. have recently described the N-terminal amino acid 
sequence of a secreted factor with strong homology to the 
predicted amino acid sequence of the central region of the IL-18 
cDNA сопе“, : 

It is striking that two distinct molecules should mediate the ' 
induction of IL-2 synthesis. Whether they share all the biological 
activities previously attributed to IL-1 is under investigation. It 
will now be possible to determine if both IL-1e and IL-18 bind 
to the samé receptor, analogous to the binding of the structurally 
distinct epidermal growth factor (EGF) and transforming 
growth factor-a molecules to the EGF receptor?*. Resolution 
of these issues should increase our understanding of the biologi- 
cal role of IL-1 in immunity and inflammation. 
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Liao, Shelley Berg, Kurt Shanebeck and Steve: Hartman for 
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tion between Immunex Corporation and Syntex (USA) Inc. 
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The absorption line at 26 MHz observed by Konovalenko and 
Sodin’ towards Cas A was interpreted by Blake et al.” as ће 631a 
recombination line due to carbon or heavier elements. This was 
confirmed subsequently by Konovalenko and Sodin?, who detected 
the 640a line at the same optical depth as the 631a line, within 
error limits. These lines represent the highest excited states yet 
detected in interstellar gas and could provide a unique diagnostic 
of conditions in diffuse clouds if observed over a range of frequen- 
cies. We now report new ‘observations of these lines carried Qut 
near 26, 38, 52 and 68 MHz using the National Radio Astronomy 
Observatory (NRAO) 91-m telescope at Green Bank. We detected 
absorption lines at all these frequencies, with a striking fourfold 
increase in width towards low frequencies due to collisional or 
radiation broadening. Assuming that these are recombination lines 
of carbon, the observed radial velocity corresponds well with that 
of the H 1, OH, NH; and H,CO absorption features that originate 
in the Perseus arm in the same direction 

The 68- and 52-MHz obsérvations were made in Taly 1984, 
using the 50-80-MHz tunable dipole on the travelling feed 
system. The'38- and 25-MHz observations were made in August 
1984 using a broadband 20-50-MHz dipole especially made for 
this experiment and mounted on the travelling feed, which is 
capable of tracking a source for 76 sec 6 mihutes, where ô is the 
declination. In the frequency range of these observations, the 
system temperature was dominated by Cas A and the galactic 
background. At each ofthe four frequencies, two or three nearby 
transitions in carefully chosen interference- free bands were 
observed simultaneously. The 384-channel autocorrelation 
receiver was split into four independent spectrometers of 96 
channels each, providing a frequency resolution. of 0.98 kHz at 
the two higher and 0.49 kHz at the two lower frequencies. 
Reference spectra were measured by switching to a noise source 
which was adjusted to match.the total system temperature when 
the antenna was pointed to Cas A. 


Table 1 Observed line parameters . 





Frequency Visa Тү Te AV јта», 
(MHz) (km s^!) (x103) (km s^!) (s?) 
26 ~45+5 —3.8+0 5 32.9+2.1 11.6x0.7 
38 ~4942 —3 50.4 17.9+0.9 8.40.5 
52 —49+2 —3.5+04 13.0+0.7 8.6+0.5 
68 —48+2 —2.9+0.6 83+0.9 5.90.8 


Errors quoted are 1с values. У, sp is the radial velocity with respect 
to the local standard of rest, Тү and Tc are the line and continuum 
antenna temperatures. respectively; AV is the full linewidth at "half 
maximum intensity; [тау is the optical depth integrated over the line. 
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The spectra obtained after removing a linear baseline at each 
of the four frequencies are shown in Fig. 1. The recombination 
hne is seen in absorption at all the four frequencies at the 
velocity corresponding to the Perseus arm. In the spectra in Fig. 
1 there are suggestions, at least at the three lower frequencies, 
that the absorption line may be present at the velocities of both 
—47 and -39 Кїї 871 at which H 1 absorption is seen in the 
Perseus arm. However, we find no evidence in our spectra of 
a line at 0 km s^! corresponding to the Orion arm absorption, 
and no hydrogen recombination lines. The line parameters 
obtained by fitting a single gaussian to each of the observed 
spectra are given in Table 1. As Cas A dominates the system 
temperature at these frequencies, the line-to-continuum ratio 
plotted in Fig. 1 and given in Table 1 is approximately equal 
to the observed optical depth. 

‚ All high-frequency observations (mainly towards HII 
regions) show recombination lines of hydrogen or heavier ele- 
ments only in emission. However, there are good reasons for 
expecting recombination lines to be seen in absorption at very 
low frequencies particularly from cold gas? and in the presence 
of strong background radiation. At very large n (the principal 
quantum number) electron collisions dominate (as among free 
electrons) and therefore maintain thermalization of the popula- 
tions. It is only at lower n (and correspondingly higher frequen- 
cies) that radiative processes begin to dominate and the excita- 
tion: temperature moves away from the kinetic temperature of 




















ЫЕ 
26 MHz 
К 
-2 
aL 
Í 38 MHz 
ob — - ——4 
-2} 
© t 
x ^p 52MHz 
ют 
~x o 
HE 
-2 
2 68 MHz 
0 ка 
-2 
^ Ht absorption 
| Y 
oon seri —— ÀÀa LÁ — | 
1 1. "TE d 2. 





-150 -100  -50 0 50 100 150 
Radial velocity (km 57!) 


Fig. 1 Recombination line spectra towards Cas A observed at 
four frequencies At each frequency the spectrum is an average of 
two or three nearby transitions that were observed simultaneously. 
These transitions are 26 MHz, 629a and 634a ; 38 MHz, 554a and 
556a; 52 MHz, 497a, 501a and 5030; 68 MHz, 456a, 457a and 
458a. The effective integration times for the four frequencies are 
4 4, 10.7, 10.5 and 9.6 h respectively. The H 1 absorption spectrum 
is from ref. 5. 
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Fig.2 Calculated and observed variation of line width (FWHM). 
©, Present observations; ll, data from ref. 12. Pressure broadening 
is calculated for Т,=50 К and N,-0.18 cm"? and for radiation 
broadening a brightness temperature Тр = 2,000 К at 100 MHz 
(а = —2.6) was used. A Doppler component of 8 km 5! is assumed 
for both cases. The relevant formulas are taken from ref. 13. 


the gas, towards negative values, so that the line can never be 
seen in absorption irrespective of the background radiation. The 
turnover frequency will, however, depend on the density and 
temperature of the gas and the populating mechanism? for the 
species of atom in question. 

As pointed out by Blake et al?, the identification of the heavy 
element responsible for the line towards Cas A cannot be made 
on the basis of frequency alone. It is most likely to be carbon 
if it originates in cold gas. Alternatively, it could be due to 
heavier elements such as calcium or magnesium if located in 
hot gas^!9!!, In the present case, however, the agreement in 
velocity with the Н т and molecular absorption features strongly 
favours cold dense clouds as the site of absorption, and carbon 
as the element in question. 

The observed width of the line at 68 and 52 MHz is similar 
to that of the H I absorption line. The width, in velocity units, 
increases Бу nearly a factor of four at 26 MHz. This line has 
now been observed down to 16.7 MHz by КопоуаІепко!? and 
the width increases even more dramatically (Fig. 2), which 
clearly indicates pressure and/or radiation broadening. Using 
the formula given by Shaver’ for,the collisional width at low 
temperatures we infer an upper limit of 0.2 cm ? for the electron 
density of the gas responsible for the observed lines, assuming 
a temperature of 50 K. If the carbon in this cloud has a cosmic 
abundance (C/H=3 x107*) and all of it is ionized, then this 
implies an upper limit to the hydrogen density of 600 cm ?. This 
is consistent with the upper limit to the H 1 density obtained 
from the measured column density and the minimum size of 
the cloud implied by its high H I optical depth. From con- 
sideration of radiation broadening’, we infer an upper limit of 
2,000 K (at 100 MHz) for the ambient brightness temperature 
for the recombination line gas (see Fig. 2). This further implies 
a lower. limit of 150 pc for the distance of the absorbing gas 
from Cas A, if we take the flux of Cas A at 100 MHz to be 
15,000 Jy (ref. 14) and its' distance and linear size to be 4 kpc 
and 5 pc, respectively. 

At temperatures of 50-100 K, which are typical for H 1 clouds, 
calculations by Walmsley and Watson*? show that dielectronic- 
like recombination on to carbon could be an important populat- 
ing mechanism. This predicts an enhanced absorption at low 
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Fig. 3 The observed variation of integrated line intensity. The 

quantity 5,8, (solid curve) taken from ref. 9 is normalized to a 

value of 10 at n = 600. This quantity which is proportional to the 

net optical depth was calculated by Walmsley and Watson? based 

on a dielectronic recombination process. @, Present observations; 
Wi, data from ref. 12. 


frequencies and a variation of line strength as a function of 
frequency which depends on the electron density in the gas. At 
low electron densities (№, ~ 0.01 cm ?) a steep decrease in line 
strength from 25 to 100 MHz is predicted. From Table 1, 
although the observed peak optical depth in the line remains 
nearly constant in the frequency range 68-26 MHz, the 
integrated absorption (f т dv) increases roughly by a factor of 
2. If the dielectronic recombination process is operating, then 
the observed variation of the total line strength indicates an 
electron density of ~0.1 cm? (see Fig. 3) and rules out much 
lower densities. 

Alternatively, these lines may be formed by carbon associated 
with dense molecular 'clouds rather than by carbon associated 
with more widely distributed H 1. Batrla et al. 7 haye observed 
two such clouds in H,CO absorption against Cas A,.each with 
a diameter of about 1 arc min and with velocities of —39 and 
—47] km s™' respectively. These are foreground clouds in the 
Perseus arm which cover only a few per cent of the solid angle 
subtended by Cas A. If the low-frequency absorption lines are 
formed in the molecular clouds, then the true optical depths of 
these lines would be 20-30 times higher than the average optical 
depths that we observe. 

It must be possible to observe these highly excited lines in 
many other directions in the galactic plane. At these low frequen- 
cies, the non-thermal galactic radiation can provide the back- 
ground continuum and the presence of a discrete background 
source may not be necessary for the detection of the lines. The 
present observations have indicated that recombination lines 
below 100 MHz will be an important diagnostic of the interstellar 
medium as was emphasized by Shaver”. 
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Increasing atmospheric carbon dioxide concentration is expected 
to cause substantial changes in climate’. Recent model studies 
suggest that the equilibrium warming for a CO, doubling (AT;.) 
is about 3-4? C775, Observational data show that the globe has 
warmed by about 0.5 °C over the past 100 years™*. Are these two 
results compatible? To answer this question due account must be 
taken of oceanic thermal inertia effects, which can significantly 
slow the response of the climate system to external forcing. The 
main controlling parameters are the effective diffusivity of the 
ocean below the upper mixed layer (к) and the climate sensitivity 
(defined by AT;.). Previous analyses of this problem have con- 
sidered only limited ranges of these parameters. Here we present 
a more general analysis of two cases, forcing by a step function 
change in CO, concentration and by a steady СО, increase. The 
former case may be characterized by a response time which we 
show is strongly dependent on both к and A T;.. In the latter case 
the damped response means that, at any given time, the climate 
system may be quite far removed from its equilibrium with the 
prevailing CO, level. In earlier work this equilibrium has been 
expressed as a lag time, but we show this to be misleading because 
of the sensitivity of the lag to the history of past CO, variations. 
Since both the lag and the degree of disequilibrium are strongly 
dependent оп к and AT;,, and because of uncertainties in the 
pre-industrial CO, level, the observed global warming over the 
past 100 years can be shown to be compatible with a wide range 
of CO;-doubling temperature changes. 

We use an energy balance climate model consisting of two 
atmospheric boxes, one over land with zero heat capacity, and 
the other over an oceanic mixed layer coupled to a diffusive 
deeper ocean (compare refs 7-9). On timescales relevant to CO; 
forcing, the atmosphere may be assumed to be in equilibrium 
with the underlying surface. The model 1s then described by 





Е _ AAT, +КАТ,о 
AT, АТЫ р (1) 
AT "HUNE DAAT ERU FEAT o) 

"0 (fü-0A E) + kal P(A + Kk) 
C, EL AQ-AAT-AF (3) 


where АТ, AT,;, AT, o and AT(t) are temperature changes for 
the land, atmosphere over land, atmosphere over ocean and 
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oceanic mixed layer induced by a change in thermal forcing 
AQ(t), f is the fraction of the globe covered by land ( f=0 29), 
A is the climate feedback parameter'®, k 1s a land-ocean heat 
transfer coefficient, k,, is an air-sea heat exchange coefficient, 
and АТ, (1) is the instantaneous equilibrium temperature change 


AQ In (C/ Co) 


АТ, === АТ, 
1 А 2 In2 (4) 


for CO, change from C; to C(t) (ref. 11). In equation (3), Cm 
is the effective bulk heat capacity (Cm = ypch) where 


-OOKAN A 
ӘЛ k 
and h is the depth of the mixed layer in which the density and 


specific heat capacity are p and c respectively. AF is the change 
in heat flux at the bottem of the mixed layer (z = 0) 


x 
" 6 
AF voce ( pee ee (6) 


(5) 





where « is the thermal diffusivity of the deep ocean (z 0) 
whose temperature change due to AQ ıs ДТ, (2, t). z is depth 
below the bottom of the mixed layer. AT, 1s determined by 
АТ, АТ, 
ðt az 








(7) 


With the initial condition ATo(z, 0) 20 and the boundary 
conditions АТ, (0, t) = AT(t) and АТ, (2, t) > 0 as 2» оо, the 
solution to equation (7) can be approximated to give 


AT 
AF = yppch (8) 
У Tat 





where та mrh?/x is a characteristic time for exchange between 
the mixed layer and the deeper ocean; 74 varies between 5 and 
10 yr for realistic values of h and к. The constant д can be 
determined by comparing results from an analytical solution of 
equation (9) below, with those from a full numerical integration 
of the coupled equations (3), (6) and (7). The value of u depends 
to some degree on the assumed forcing (A Q(t)), but is insensitive 
to variations in «, A and A, The validity of this approximation 
is discussed below (see Table 1). 

Since A « k,, (ref. 10), AT,9 = AT in accord with observations 
(ref. 6), and the A/k,, term in the expression for y may be 
ignored. Two limiting cases give the bounds on y. For k «0 (no 
land-sea heat exchange}, y —1, which also corresponds to ап 
ocean-covered Earth. For kœ (infinitely fast land-sea heat 
exchange), y :1—/ 70.71, which corresponds to the fraction 
of the globe covered by ocean. For realistic values of A and 
k, y lies between 0.72 ard 0.75. 

Substitution of equation (8) into equation (3) gives an 
ordinary differential equation describing AT(t): 


dAT A 
AT ear[L. Ву } ea (9) 
dt ту Vrat peh 


where т, = pch/A is the response time for step-function forcing 
of a thermally isolated mixed layer with no land-sea heat 
exchange, that is, AF =0 and y=1. ту ranges between 4 and 
13 yr for realistic values of h and A. 

Equation (9) can be solved exactly for a number of different 
forms of the forcing function AQ. We will consider AQ — a, 
giving the transient response to a step-function CO, change (the 
‘switch-on’ ехрегітепі!?), and AQ = bt exp (at); а, b and а are 
arbitrary constants. Since the radiative response is approxi- 
mately proportional to the logarithm of the concentration (ref. 
11 and equation (4) above), a =0 corresponds to an exponen- 
tially increasing CO; concentration while a # 0, for appropriate 
b and o, corresponds closely to observed changes of CO; over 
the past 130 yr. 





EM — — —.ETTERSTONATURE 


For the switch-on experiment, AT tends to AT, for large t 
where 





,AT,—a/A (10) 
The solution to equation (9) is then 
А АТ en 

АТ, $e -2G (11) 


where 
W(Z,N)=Z?+2NZ, Z?=t/(y7) апі N?- уш? Tef та. 
G(Z, №), D is Dawson’s integral?, D(z) =e7* f; e" du. св 
parameter N depends on д which takes the value 1.4 for 
step-function forcing. 

The switch-on case is important because is has been used by 
a number of investigators to study the transient response charac- 
' teristics of the climate system. The speed of response, and the 
influence of oceanic thermal inertia, can be characterized by the 
e-folding time, Te, defined by AT(7.)=(1—e7')AT,. If Z2= 
Te/ Суту), then т, is determined by : 


E --2G(Z, ,N)-e'! (12) 


For large № the solution is Z, = (e— 1)N (using D(u)~ 1/2u), 
an excellent approximation (error in Z, less than 5%) for 
N 7 1.5, that is, for almost all values of N likely to be encoun- 
tered. Hence 


7.7: Yu (e — Y (r9? / та = 47.8 y! u^ k [ A? (13) 
for x in cm?^s ' and A in Wm"? K~". If we consider the case of 
a step-function doubling of CO, concentration, then (from 


equation (10)) А = AQ; / AT», where AQ; = 4.3 Wm (ref. 3). 
Since д = 1.4, equation (13) becomes 


т. = 5.08 y? k (A T4? (14) 


Te is independent of the mixed layer depth, h. This analytical 
result can be compared with the numerical calculations of 
Hansen et al’. For к 21cm?s ! and AT;,—42, 3.0, 2.0°C; 
these authors obtain т, = 102, 55, 27 yr using y —1. Equation 
(14) gives 7, —90, 46, 20 yr, in close agreement. For y —0.75 
(see above), т, ranges between 6 and 174 yr for к = 1-3 cm? 5! 
and АТ». = 1.5-4.5 °С. There is thus a considerable range of 
uncertainty in 7, resulting from uncertainties in the magnitude 
of the CO;-doubling temperature change and in sub-mixed-layer 
mixing. 

The e-folding time demonstrates that oceanic thermal inertia 
has a significant effect in determining the response of the climate 
system to external forcing. However, the results of a switch-on 
experiment are transferable to the case of steadily increasing 
CO, concentration only through a convolution integral. We 
therefore consider the *continuous increase' experiment with 
time-dependent forcing. 

Forcing of the form AQ = bt exp. (at) corresponds to CO, 
variations given by . 

C(t) = Co exp (Bt e?!) (15) 


where Со is the initial, pre-industrial concentration and B= 
b1n2/AQ,,.. Observed CO, changes can be fitted to this form. 
For example, if Со — 270 parts per million by volume (p.p.m.v.) 
in 1850'^, and C=315 p.p.m.v. in 1958 and 338 p.p.m.v. in 
1980!5, then В = 5.59 10 * and a —8.69 10? yr^!. 

The solution to equation (9) for AQ = bt exp (at) is 


AT. Dira 
AT, B 


where AT, is the instantaneous equilibrium temperature change 
at time [ (equation (4)), 8 =1+оут, 22= 822, Ñ= N?/B, 
W= W(Z, № and G= G(Z, Ñ). The case B = 1 (that is, а =0, 
W= W,G= G) corresponds to linear thermal forcing due to an 
exponentially increasing CO, concentration. The departure of 
AT/AT, from unity is a measure of the degree of disequilibrium 
due to oceanic thermal inertia effects. 

Since the initial CO, level and the history of past CO, vari- 
ations appear in equation (16) only through the а term in В, 


елшш ы (16) 


G=G(Z, N)=N[D(Z+N)- e*D(N)}, КА 
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and since В is always close to 1, the degree of disequilibrium 
must be insensitive to the details of past CO; changes. This is 
demonstrated in Table 1. Insensitivity to the initial CO; level 
can be seen by comparing AT/AT, values for various values of 
Co, and insensitivity to the CO, history for given C, can be seen 
by the proximity of AT/AT,,, (where АТ, corresponds to AT 
for a — 0) to unity. The degree of disequilibrium, however, does 
vary markedly with к and AT». 

Equation (16) implies that the response AT(t) lags behind 
the instantaneous equilibrium response by a time-varying 
amount L which can be defined by 


AT(t)=AT(t—L) (17) 
It can easily be shown that | 
AT(t) ( 5) soe : 
— —-[1--]e^* 18 
AT(t) t à ( А ) 


so that, for о 20, L is а maximum іп the linear forcing case. 
For this case (а =0)L(=L,,,) can be related to the switch-on 
e-folding time Te (equation (14)) by substituting omahen (16) 
into (18) and using D(u)~1/2u: 


Ly, 091/17, — 0.847, (1 — 0.918) + yr (1-172) (19) 


where ё = (0.919 t/ 7.) Ly, is therefore independent of the 


initial CO; level and the timescale for CO; increase (see Table 1). 
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Fig. 1 Isolines of temperature change to 1980 (CO, level of 
338 p p.m.v.) as a function of the CO,-doubling temperature 
change and the 1850 initial CO; level for two extreme pairs of 
diffusivity and mixed layer depth. Lower diagram, x 21 cm?s !, 
h=70m; upper diagram, x =3 cm?s^!, h—110 m. Results are 
based on a full numerical solution of equations (3), (6) and (7) 
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For a #0, however, the lag is strongly dependent on a and 
Со, the parameters characterizing the history of past СО, vari- 
ations. The sensitivity to @ can be seen by comparing L with 
Lj, in Table 1, while the sensitivity to Со can be seen directly 
in this table. Because of this, and because С, is uncertain’, the 
lag time is not a particularly good parameter to use as an 
indicator of oceanic thermal inertia effects. Table 1 also shows 
that L is strongly dependent on к and АТ, ,„, the values of which 
are also uncertain. 

The most important result shown in Table 1 is the wide range 
of uncertainty in the disequilibrium ratio, AT/AT,, 0.42 to 0.79 
for Cy 270 p.p.m.v. AT/AT, decreases as AT», increases, in 
accord with the results of Siegenthaler and Oeschger? (who used 
AT», = 2.0 °C and 3.2 °C with к = 1 cm? s), and as к increases, 
in accord with Hansen et al? (who used к=1 and 2cm? s^! 
with AT>,=4.2°C). Hansen et al's values of AT/AT, are 
noticeably less than ours because they used y=1 If the climate 
sensitivity is as high as recent model results suggest 
(refs 2-4) then АТ/АТ, = 0.5 and a substantial future warming 
must occur even in the absence of further CO, increases, 
a point already noted by Hansen et al? and by Siegenthaler 
and Oeschger’. 

The overall uncertainty is further illustrated in Fig. 1 which 
shows AT(1980) as a function of initial CO, level and CO;- 
doubling temperature change. The warming depends strongly 
on the initial CO, level. AT values in Fig 1 are compatible with 
the observed global mean warming of around 0.5 °C over the 
past 100 yr, especially when one considers the uncertainties in 
the observational record^$. For 260 < Cy « 280 p.p m.v. (ref. 14) 
and 1.5 «AT, <4.5 °С (ref. 1), AT ranges between 0.26 and 
0.96 °C. If observed temperature changes in the range 0.4-0 6 °C 
were to be explained solely in terms of CO; changes then, for 
260 < Co < 280 p.p.m.v., the implied AT», range is 1.3-11.5 °С. 
A consideration of transient response effects, therefore, helps 
to remove the apparent conflict noted in ref. 16 between recent 
model results^^ and observations?? (a point noted by Hansen 
et al?). The high upper limit to the implied ЛТ, , value (that is, 
11.5°C, corresponding to AT=06°C, Со = 280р.р.т.у., к= 
3 cm?^s^!, h = 110 m) requires comment. AT», affects AT(t) in 
two competing ways; through AT,(t), which increases with 
increasing ДТ, „, and through the disequilibrium ratio, AT/AT,, 
which decreases as AT», increases. Therefore, as Fig. 1 shows, 
the 1980 value of aAT/8AT;, becomes small for large ДТ, 
(particularly for large «), so that AT(1980) can be quite insensi- 
tive to changes in AT;,. The 11.5 °С upper limit for AT; is in 
this insensitive region, but its value 15 sensitive to Cy and к, and 
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to the chosen history of СО» variations. Thus, it is the qualitative 
conclusion that a large value of A Tox could be consistent with 
observed AT values which is important, rather than the specific 
numerica] value obtained here. 

An additional source of uncertainty becomes evident retro- 
spectively from the analytical solution. Because of the lag in 
the response due to the thermal inertia of the oceans, we can 
be fairly sure that the climate system was not initially in equili- 
brium as we have assumed in our calculations. The subsequent 
warming does depend on whether the initial global-mean tem- 
perature was above or below the equilibrium temperature, that 
is on the thermal forcing history before 1850. In the absence of 
information about the degree or even direction of the initial 
disequilibrium, we must neglect this confounding issue. 

We have considered only CO, in defining the thermal forcing 
function AQ(t). Recent increases in the concentrations of other 
trace gases (such as methane and chlorofluorocarbons) may 
have added noticeably to the forcing^"", contributing perhaps as 
much as 0.2 °С to the overall warming since 1960!5. The CO, 
contribution to the observed global mean warming of 0.4-0.6 ^C 
over the past 100 yr would therefore be only 0.2-0.4 °С. For 
260 < Co < 280 p.p.m.v., this implies a AT;, range of only 0.6- 
3.1 *C (see Fig. 1). Recent ice-core evidence, however, suggests 
that the 260-280 p.p.m.v. initial CO, range may be too low. 
Neftal et al? give new data with concentrations around 
290 p.p.m.v. in the late nineteenth century. Initial levels of 270 
and 290 p.p.m.v give AT(1980) values which differ by about 
0.2 °C, largely compenssting for the trace gas effect. This higher 
initial СО, level may, therefore, be necessary in order to ensure 
compatibility between model results and observations. 

These results cannot be construed as proof of the detection 
of CO, effects on climate, although they do help to bring model 
results more in line with observations. Detection requires a 
statistically significant warming above the noise level of natural 
interannual and interdecadal temperature fluctuations???!, 
together with a convincing attribution of at least part of such 
warming to carbon dioxide. These statistical aspects, together 
with problems of data reliability and representativeness, and 
our present inadequate understanding of the processes other 
than CO, that can cause global climate change, make it imposs- 
ible to attribute the observed warming unequivocally to СО». 
In fact, transient response effects make detection even more 
difficult because, by lowering the signal expected at any given 
time, the signal-to-noise ratio is correspondingly lowered. The 
insensitivity of AT(1980) to AT>,. for large AT;, means that it 
may be very difficult to determine А T», from observational data. 


Table 1 Disequilibrium ratios and lags (уг) 














Co 250 
AT ox к 1 2 3 1 
1.5 AT/AT,  0.81(0.79) 0.76(0.73) 0.72(0.69) 0790.79) 
AT/AT,, 0.97(0.96) 0.97(0.95)  096(094) 094(095) 
L 18(19) 23(25) 27(29) 14(14) 
Lin 22(23) 28(29) 33(34) 22(23) 
3.0 AT/AT, 06800.65)  0.60(058)  0.56(0.53) 064(064) 
AT/AT,,  0.96(093) 0.95(0.92)  095(0.91)  0.91(092) 
L 31(34) 39(42) 45(47) 26(25) 
Lin 38(39) 48(48) 54(54) _ _38(39)_ 
4.5 AT/AT,  0.58(056)  0.50(0.48)  0.45(0.43) 0.54(0.55) 
AT/AT,,  0.95(091)  0.94(0.90 094(0.89)  0.89(090) 
L 42(45) 52(54) 57(60) 35(34) 
Lin 51(51) 61(61) 67(67) 51(51) 


270 290 
2 3 1 2 3 
073(073) 0.69(0.69) 074(077) — 0.68(0.72) 0.63(0.68) 
0.93(0.94) 092(094) 088(0.93)  0.87(0.92) 0.85(0.92) 
19(19) 22(22) 11(10) 14(12) 16(14) 
28(29) 33(34) 22(23) 28(29) 33(34) 
0.57(0.57) 0520053)  058(0.63)  051(0.56) 046(0 51) 
0.900.931) 089(090) 0.82(0.89) 080(088)  079(0.88) 
32(32) 37(36) 19(17) 24(21) 27(24) 
48(48) 54(54) 38(39) 48(48) 54(54) 
0.47(0.47) — 0.42(0.43) 0 48(053)  0.41(0.46) 0.36(0.41) 
0.88(0.89) — 0.87(0.88) 0.79(086) 077(0.86) 0.76(0.85) 
43(42) 48(47) 26(23) 32(28) 35(31) 
61(61) 67(67) 51(51) 61(61) 67(67) 


Values represent variations in the disequilibrium ratio (AT/AT,) and the lag (L) in 1980 for y=0.71 and various values of the diffusivity 
(к = 1-3 ст? s7!, see refs 4, 9, 22, 23), the CO,-doubling temperature change (A75, = 1.5-4.5 К, see ref. 1) and the initial (1850) СО, level 
(Со 250-290 p.p.m.v., a range which spans the most likely range of 260-280 p p.m.v given ın ref. 14) AT and L correspond to CO, variations 
given by equation (15) fitted through 315 p.p.m.v in 1958 and 338 p.p m.v. in 1980", while АТ and Lyn correspond to CO, variations given by 
equation (15) with а =0 fitted through 338 p p.m.v in 1980 (that is, to linear radiative forcing) AT ard L are relatively insensitive to variations 
in В; А = 70m has been used here (ref. 3). The values shown are based on a full numerical solution of equations (3), (6) and (7), while the bracketed 
figures are those based on the approximate analytical solution (equation (16)) with и = 2.2 in the linear case and и = 2.7 otherwise. In the nonlinear 
case the optimum value of д depends on Cy, but we have used the value appropriate to Cg — 270 p.p.m.v. throughout. 
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The concentration of methane (CH,) in the global troposphere is 
increasing. Ambient air measurements document an approximate 
rate of increase of 1-2% уг”! over the past decade'- ^. Measure- 
ments of CH, in air bubbles trapped in polar ice indicate that 
tropospheric concentrations of CH, several hundred years ago 
may have been ~45% of present levels?7. To understand and 
assess possible causes of the atmospheric CH, increase requires 
improved quantitative knowledge of global sources and sinks of 
CH,. Previous attempts to estimate sources of atmospheric CH4, 
based on very few measurements, have suggested that natural and 
agricultural wetlands are major sources??. The major wetland 
regions of the world are in boreal, low Arctic and tropical ecosys- 
tems'®. It is these regions, particularly in peatland habitats where 
major accumulations of organic materials occur under anaerobic 
conditions, that should be significant sources of global tropospheric 
СН. The most extensive peatlands in the world occur in the boreal 
taiga zone between ~45° and 65? N latitude. More than 95% of 
world peat resources occur in the Soviet Union, Canada, the United 
States, Sweden, Norway, Finland and the United Kingdom”. We 
report here the first survey of CH, flux from northern peatlands 
of the United States. Emission rates ranged from 0.003 to 
1.94 g CH, тг? day ^, with half of these values between 0.1 and 
0.4g CH, m^? аут’. The frequency distribution is log normal 
(Fig. 1) and the mean emission rate is 0.337 g CH, m? day". 
Such fluxes are higher than most values reported for other ecosys- 
tems, suggesting that northern peatlands may be an important 
source of global tropospheric CH4. 
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In an effort to improve our understanding of wetlands as a 
source of atmospheric CH,, which should aid in the interpreta- 
tion of global distributions and trends, we developed a portable 
system for rapid, direct measurement of CH, flux in remote 
wetland environments. The system consists of a gas-filter-corre- 
lation (GFC) infrared detector! coupled to a controlled 
environment chamber. Flux measurements were made in a 
closed-chamber mode with air continuously recirculated from 
the sampling chamber over the surface peat and vegetation, then 
into the GFC and back to the chamber; CH, concentration was 
measured continuously. Continuous measurement of CH, in the 
chamber enables us to separate ‘pulses’ related to any human 
disturbance of the bog from the natural efflux. For a typical 
15-min continuous sampling and analysis period, this system 
has a flux detection limit of 1 X 107^ g CH, m"? day". Calibra- 
tion was carried out in the field using certified CH, standards. 
Details of instrument design, calibration, and field testing are 
given elsewhere'*!, 

Our survey of CH, emissions from northern wetlands was 
conducted in August 1983, during daylight hours. Four sites 
were in the Marcell Experimental Forest, north-central Min- 
nesota (47°32’ N, 93°28' W), where a single watershed often 
consists of a central peatland surrounded by forested uplands. 
Characteristic plants of the Marcell fens and bogs are given by 
Boelter and Уеггу!?. Upland soils over slightly calcareous glacial 
debris constitute 74% of the Marcell Forest surface, peatlands 
comprise 21%, and open water the remaining 5% (ref. 14). Peat 
deposits consist primarily of Sphagnum peat at the surface with 
woody, sedge, and aquatic plant residues at depth. Three of 
our Marcell sites are perched ombrotrophic bogs; their water 
is derived almost entirely from precipitation (that is, WS-1, 
WS-2. and WS-4 in Table 1). Site WS-3 is a minerotrophic 
shrub/sedge fen; its water is derived primarily from ground- 
water. The hydrology and chemistry of these bogs have been 
studied in detail elsewhere. The ombrotrophic bogs have low 
concentrations of dissolved ions, with a conductance 51+ 
134Scm^! at 25°C and an average pH of 36+0.3. The 
minerotrophic fen (WS-3) has high concentrations of dissolved 
ions from reactions of groundwater with soil, conductance 125 x: 
48 uS cm^!, pH 6.5+0.3 (ref 14). 

We also studied CH, flux from 21 separate sites in an area 
where a weakly minerotrophic fen surrounds a small 
ombrotrophic bog, 10.5 km west of Zerkel, Minnesota (47°10' №, 
95°24' W). The vegetation includes a central pond with Brasenia 
schreberi, surrounded by a floating mat of Carex lasiocarpa and 
Vaccinium macrocarpon. The sedge mat is being invaded on its 
landward side by bog mosses such as Sphagnum angustifohum, 
S subsecundum and S. magellanicum and by the vascular plants 
Vaccinium oxycoccus, Potentilla palustris, Dulichium arun- 
dinaceum and Scheuchzeria palustris. Closer to the upland is a 
zone of low leatherleaf shrubs (Chamaedaphne calyculata) and 
several bog mosses, including Sphagnum rubellum, S. magel- 
lanicum, S. papillosum. S. angustifolium and S. fuscum, together 
with Vaccinium oxycoccus, Scheuchzeria palustris, and 
Andromeda glaucophylla. We also sampled ombrotrophic sites 
at this location inside and outside a small stand of black spruce 
(Picea mariana) associated with Chamaedaphne calyculata, 
Ledum groenlandicum, Carex trisperma, Eriophorum spissum and 








Table 1 Methane flux from peatland sites in northern Minnesota 





CH, flux (g CH, m^? day!) 





Site No Average Range 

Marcell Experimental Forest 

WS-1 (bog) 3 0156 0 127-0 206 

WS-2 (bog) 9 0047 0019-0 174 

WS-3 (fen) 3 0004 0 003-0 005 

WS-4 (bog) 6 0194 0 033-0 468 
Zerkel fen and bog 18 0419 0 060-1 943 
Wild Rice River sedge meadow 1 0664 — 
Lake Itasca 

Wild rice bed 4 0493 0 127-0 883 

Shoreline fen 2 0165 0 158-0 171 
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the mosses Sphagnum angustifoltum, S. magellanicum, S. rubel- 
lum, S. fuscum, Aulacomnium palustre, Calliergon stramineum 
and Ptilium crista-castrensis. This location is more fully described 
by Joyal!*. The Zerkel sites ranged in pH from circumneutral 
in the pond and the outer part of the floating sedge mat (pH 6.1- 
7.3) to distinctly acid in the ombrotrophic area of black spruce 
and Sphagnum (pH 4.1-4.4). Conductivities ranged from 29 to 
98 pS cm ^! in various parts of the pond and floating mat, and 


from 43 to 108 uS cm‘ in the zone of leatherleaf shrubs In the : 


spruce stand, we have one measurement of 60 uS cm" '. 


For comparison with other wetland habitats of the region, we 
measured the CH, flux in the Wild Rice River sedge meadow, 
located ~5 km west of Zerkel, and dominated by Carex lacustris 
and Calamagrostis canadensis, and in a stand of wild rice 
(Zizania aquatica) and shoreline fen adjacent to Lake Itasca, 
Minnesota (47°15' №, 95°10’ W), where the pH ranged from 6.9 
to 7.5. The combined set of sites studied are representative of 
major types of wetlands found in boreal North American 
ecosystems. 

Our results are summarized in Table 1. Note that average 
CH, efflux rates are much the same across a wide range of 
peatland sites, from circumneutral lake edges and marginal 
sedge fens through increasingly acid sedge/Sphagnum and 
leatherleaf/ Sphagnum communities to an ombrotrophic bog 
community of black spruce and Sphagnum This is particularly 
interesting because laboratory studies using Minnesota peats 
indicted that pH —6 is optimal for CH, production”. This 
difference between laboratory and field observations may well 
be explained by all variables except pH being held constant in 
the laboratory. At two locations with significantly lower CH, 
flux (Marcell WS-2 and WS-3) our qualitative field observations 
suggest that differences in peatland hydrology may be important 
in controlling CH, production. The Marcell fen WS-3, which 
had by far the lowest average daily CH, flux, 0.004 g m? day", 
was the only site with visible water flow in surface peat derived 
from active groundwater input Thus, we hypothesize that rela- 
tively stagnant conditions were present at the other sites studied 
(conditions at WS-2 were intermediate) which favoured higher 
rates of methanogenesis. Methane fluxes from the sedge 
meadow, wild rice, and shoreline fen were similar to rates 
measured in the bogs. 

The distribution of all CH, flux measurements made in Min- 
nesota peatlands (Fig. 1) indicates that emission rates ranged 
over three orders of magnitude. Approximately half of our 
CH, measurements fell within the limited range of 0.1- 
0.4 g CH, тг? day^!. The logarithmic nature of the frequency 
distribution of flux rates is of considerable interest. We speculate 
that the lowest values represent a combination of low decay 
rates and largely molecular diffusion from the bog surface, 
whereas the high values, above ~0.4 g CH, m^? day !, represent 
scattered ‘hotspots’ of decaying, recently dead roots or small 
animals and the possible buildup of methane bubbles. 

The only comparable data of which we are aware are from 
an ombrotrophic Sphagnum bog in subarctic northern Sweden!? 
where CH, emissions ranged from 0.0003 to 0.058g CH, 
тг? day", а minerotrophic peatland in Sweden’? that emitted 
0.054-0.95 g CH, тг? day”, and an acid Sphagnum bog in the 
Pennine mountains of England? with a range of 0.004- 
0.03 g CH; m^? day”! The generally higher emission rates from 
Minnesota peatlands are probably due, in part at least, to higher 
soil temperatures that ranged from 14 to 20°C at 6 cm, as 
compared with 8 to 16°C in Sweden and —11 °C in the British 
bog” during late summer. 

Comparison of our flux data with data on other biogenic CH, 
sources indicates that northern wetlands should be considered 
a potentially significant source of global tropospheric CH4. For 
example, our Minnesota flux data are similar to the average 
emissions of 0.25 g СН, тг? дау! from California rice pad- 
dies?! and 0.1 g СН, m? day! from rice paddies in Spain”, 
and higher than emissions of 0.01-0.09 g CH, тг? day! from 
undisturbed freshwater cypress swamps” Two additional fac- 
tors that determine the global significance of biogenic sources 
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Fig. 1 Histogram of CH, flux data from Minnesota peatlands. 
There were 51 observations which gave a mean flux of 0337+ 
0 076 g CH, m? day” and a median of 0 173. 


of CH, arethe geographical extent of the source and the duration 
of emissions. The surface area of boreal and Arctic peatlands 
and wetlands 1s not well known. Recently published estimates 
of these source areas** are: boreal bogs and peatland= 
1.2x10°km?, tundra wet sedge=1.0X10°km’, and tundra 
tussock = 0.9 x 10° km?. The area of other potentially significant 
source regions such as wet rice agriculture and Amazonian 
floodplain are —1.1 X 10$ km? and 0.06 x 10° km?, respectively. 
All of these areas produce CH, for 3-6 months a year, depending 
on climatic and cultivation cycles. We hypothesize that the 
combination of relatively high emission rates and large areal 
extent should rank northern peatlands high as a natural source 
for global atmospheric CH,. Flux measurements from the great 
peatlands of Canada and the Soviet Union are needed to test 
our hypothesis. 

Habitats suitable for peat development are largely a result of 
the most recent glacial period. Extensive peat accumulation 
began in Minnesota mostly between 3,000 and 4,000 years 
ago (ref. 25 and E.G., unpublished data). Major peatlands across 
Canada from British Columbia to the Atlantic Provinces exhibit, 
as expected, much less synchroneity in 35 basal dates compiled 
from a variety of sources (E.G., unpublished data). These dates 
range from 1,600 to 11,200 yr BP, and average 6,500 yr BP. Could 
the development of boreal peatlands, and their spread by 
swamping of large areas of surrounding uplands, contribute 
sufficient additional CH, flux to result in a long-term increase 
in global atmospheric CH,? 
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Measurements of CO, in bubbles in polar ice have been used to 
establish a pre-industrial concentration’ *. Similar measurements 
have been made for other atmospheric constituents". However, 
in order to use ice-core measurements to determine the increase 
in CO, over the last 200 years, it is necessary to consider the time 
delay between the deposition of the original snow and the bubble 
trapping and also the distribution of trapping times over several 
decades". The percolation model from lattice statistics describes 
the static geometrical aspects of trapping and reproduces various 
aspects of recent observations. The observations of large seasonal 
fluctuations in trapped bubble volume reflect the enhanced sus- 
ceptibility to perturbations near the percolation transition. The 
critical exponent of the percolation probability largely determines 
the stability of the deconvolution of observed concentrations, 
indicating that the bubble deconvolution problem is less poorly 
posed than typical geochemical source deduction problems. 

In order to represent the relation between atmospheric con- 
centrations and bubble concentrations, a negative time variable 
z (in years) is introduced. The variable z increases with depth 
and has its origin at the present (that is, the time at which the 
ice core was extracted). The atmospheric concentration of CO, 
(or other tracer of interest) z years ago is denoted c(z). The 
mean concentration in bubbles in a layer deposited z years ago 
is denoted q(z). The trapping function R(z) gives the amount 
of air in a layer that was trapped z years after the layer was 
deposited and is expressed as a proportion of the total amount 
of gas that will be trapped. Thus R(z) is normalized to 


| R(z) dz-1 (1) 
0 

From the definition of R(z), it follows that the relation between 
q and c is ^ 


qiu f R(z — z)e(z) dz' Q) 
ө 


The static geometric aspects of bubble-trapping сап be 
naturally modelled by using the percolation model of lattice 
statistics®-'°, This model is usually studied for regular lattices 
and considers connected clusters in a lattice where elementary 
steps in possible connecting pathways are broken in a random 
uncorrelated manner. A key quantity in the theory is the percola- 
tion probability, P(p), which gives the probability that a given 
lattice element is part of an infinite cluster of connected elements 
with p being the probability that an individual step in the lattice 
is broken. The main results of percolation theory are that there 
is a critical probability p, above which P(p) is zero and that 
P(p) behaves as (p,—p)? for рэр. It was pointed out by 
Kasteleyn and Fortuin!! that the percolation model is a limiting 
case of the Potts models", a family of models used in statistical 
mechanics to describe a range of continuous phase transitions. 
The property that distinguishes such transitions and makes them 
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Fig. 1 A schematic representation of the cumulative trapping 

function as predicted by percolation theory (solid curve). The age 

distribution function is the derivative of this curve. The dashed 

curve shows the effect of a correction applied to convert the fraction 

trapped into bubble volume. Shading shows the range of observed 

volumes', with the horizontal and vertical scales chosen to give 
agreement at the 50% and 100% points. 


difficult to analyse is that the transition behaviour is influenced 
by fluctuations on all possible length scales. 

Having established the connection with statistical mechanics, 
the techniques of the renormalization group in statistical 
mechanics can be used to justify earlier conjectures of univer- 
sality in percolation models. This implies that the exponent 8 
depends on the dimensionality of the system but will be the 
same for all three-dimensional lattices and for amorphous three- 
dimensional systems such as that involved in firn closure. (The 
exponents will also be the same for the so-called ‘site’ and ‘bond’ 
problems®-!°, which is why the neutral terms ‘step’ and ‘element’ 
were used above.) 

As a layered system the firn should be regarded as being 
two-dimensional. However, it is only very near p, that the 
correlations become long enough to detect the essential two- 
dimensional nature so that the В for two-dimensional systems 
should apply. Further away from p, the shorter-range correla- 
tions see an essentially three-dimensional structure. In the firn 
system the crossover’* from В.р 5/36 (conjectured!^!9) to 
Bsp = 0.454 (series estimate!") should be so close to p, as to be 
undetectable. The remaining discussion will assume a purely 
three-dimensional description. 

To model firn closure using percolation, the elements in the 
infinite cluster are those that are still connected to the atmos- 
phere. If we assume that the channel closure probability, p, 
increases smoothly with age z, then we can consider the percola- 
tion probability as a function of z without changing the critical 
exponents and there will be a critical delay time, Z., at which 
point all gas has been trapped. P(z) represents the proportion 
of gas-containing elements not trapped attime z after deposition 
so 1— Р(2) represents the cumulative proportion trapped. The 
incremental trapping function R(z) is thus 


RG)-  8P(z) 





—(z,-z)0! аѕ 2027 (3) 


Schwander and Stauffer’ measured the bubble volume of trap- 
ped bubbles as a function of depth. In the percolation model 
the proportion trapped is 1— P, which is plotted schematically 
as the solid line in Fig. 1. To convert this to bubble volume, a 
depth-dependent factor must be included to allow for the fact 
that the bubbles are subject to compression once trapped. The 
result is shown schematically as the dashed line in Fig. 1; the 
range of values observed by Schwander and Stauffer is shown 
by the shaded region. As the general theoretical results do not 
determine the specific relation between the measured ice density 
and the bond closure, both the horizontal and vertical scales on 
Fig. 1 have been linearly related to those used by Schwander 
and Stauffer’ so as to match the points of 50% and 100% 
trapping. The percolation model adequately describes the 
geometrical aspects of bubble trapping, but the assumption of 
proportionality between z and the compression factor is 
inadequate. 
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Both the percolation model and the measurements by Schwan- 
der and Stauffer’ determine the time of bubble trapping relative 
to the time of snow deposition and do not directly determine 
the age of the air that 1s trapped. However, measurements of 
Ar indicate that air in the ‘open’ volume is well mixed 
throughout the firn'5, so that the trapping time distribution 
should be close to the age distribution. 

For use in solving equation (1), the percolation model will 
require an empirical calibration using data such as that plotted 
by Schwander and Stauffer’ even if only to determine the ampli- 
tude of the singularity. Direct theoretical calculation of P(z) 
seems impractical mathematically since even highly structured 
lattice percolation problems do not have closed form solutions. 
Even an approximate calculation of P(z) would require more 
detail of the firn structure than is readily available. 

Given the singular nature of R(z), it 1s of interest to note that 
the 1ce-core deconvolution problem is less poorly posed than 
many typical geochemical inversion problems. Equation (1) 
becomes 


q(z)~ | 


or putting (—z,—z, = —z 
q(z.— n= | 


Apart from the variable lower limit (which has little influence 
on the integral) this 1s proportional to the expression given by 
Ross" for defining a B-fold integration of c(—t) for non-integer 
B. The inverse operation of obtaining c from q corresponds to 
the operation denoted by 


(z= z- z')?7!c(z^) dz’, for Z> z, (4a) 


| (t= t) elt) dr’ (4b) 


1-2, 


d? 
e(t) q(t) (5) 


Anderssen and de Hoog”’ have characterized the numerical 
difficulty of unstable inverse problems as being given by the 
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equivalent order of differentiation when this is applicable. Most 
source deduction problems in geochemistry are essentially 
equivalent in difficulty to a single numerical differentiation since 
observed concentrations represent the integrated effects of sour- 
ces. If the percolation model is valid, the deconvolution of 
bubble concentrations in ice cores is formally equivalent to 
about a 0.454th-order differentiation and so is less poorly posed 
than typical source decuction problems in geochemistry Thus 
the resolution which can be achieved for the reconstruction of 
c should be somewhat better than the time period over which 
the firn closes. 

Since submission of this manuscript we have learnt that the 
bubble trapping problem has also been considered in terms of 
the percolation model by B. Stauffer, J. Schwander and H. 
Oeschger (unpublished data). They performed simulations using 
a regular lattice approximation and concentrated on determining 
the critical point rather than discussing the critical exponent. 
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Cherts of the Doushantuo Formation in the Yangtze Gorges, South 
China, contain a superbly preserved heterogeneous assemblage of 
bacteria, cyanobacteria, planktonic algae, submillimetre-sized 
burrows and problematica. The microbiota has a bearing on defin- 
ing the Precambrian-Cambrian boundary. Baltisphaeridium and 
associated spinose microfossils in the chert suggest an early Cam- 
brian age whereas other acritarchs, vendotaenids and pretrilobite 
small shelly fossils from the conformably overlying the Dengying 
Formation, indicate a late Proterozoic age for the Doushantuo. 
This mixed benthic-planktonic assemblage preserved in silicified, 
laminated, microbial mat-like fabrics, provides a unique sample 
of diverse microbiotic elements existing at the dawn of the 
Phanerozoic and records the earliest evidence of meiofauna. 
The fossil record of the latest Proterozoic is best known from 
Ediacaran and allied soft-bodied animals'?, acritarchs? and 
stromatolites^. This record, though meagre, is fascinating, for it 


was during this interval that animals originated and began to 
diversify?. Much of our understanding of pre-700-Myr-old 
palaeobiology has been based on interpreting fossils preserved 
in chert®; unfortunately such occurrences are not well known 
from post-700-Myr old deposits 

The Doushantuo Formation in the Yangzte Gorges, China, 
conventionally viewed as late Proterozoic^*, contains cherts with 
well-preserved, abundant and diverse microfossils such as coc- 
coid and filamentous cyanobacteria, bacteria, large spiny 
organic-walled microfossils, problematic tubular microfossils, 
other problematica and submillimetre-sized backfilled burrows. 
In addition to a benthic mat biota, the cherts preserve elements 
of the phytoplankton that lived in the overlying water column. 

The Doushantuo Formation is a dark brown to grey-black 
dolomite with chert, interbedded with shale. It unconformably 
overlies tillite of the Nantuo Formation and is conformably 
overlain by dolomite and limestone of the Dengying Formation? 
(Figs 1, 2). 

The Yangtze Gorges region contains the type section for the 
Chinese Sinian System!? (composed, in ascending order, of the 
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Fig. 1 Index maps showing location of measured sections. 
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Fig. 2 Generalized stratigraphical column of Sinian System in 
the Yangtze Gorges, Yichang County, Hubei, China. 


Liantuo, Nantuo, Doushantuo and Dengying formations). It 
would be a potential candidate for any global stratotype section 
that may be established for a new geological system to embrace 
the pre-shelly fossil record during which metazoans appeared!!. 
Here the Sinian 1s a thick succession with such lithological and 
palaeontological curiosities as tillite, phosporite, acritarchs, ven- 
dotaenid algae, stromatolites, oncolites, microfossiliferous chert, 
putative Ediacaran-type metazoans, sponge-like spicules, trace 
fossils and 1s conformably overlain by the small shelly fossil- 
bearing Tianzhushan member (upper Dengying Formation), 
regarded as signalling the base of the Cambrian?'"?, 

Within this stratigraphical framework, the Doushantuo is 
usually taken to be Late Sinian (Vendian or Ediacarian), prob- 
ably «700 Myr-old. Although their reliability may be ques- 
tioned, Rb-Sr whole rock isochron ages from the top of the 
formation yield 700+5 and 691 + 29 Myr (ref. 13). Other poten- 
tial radiometric age constraints include an ion-probe U-Pb age 
of 740+ 16 Myr on zircons in tuff from the Lower Sinian Liantuo 
Formation", and ages of 806+6 Myr (Rb-Sr isochron) and 
823 X 7 Myr (K-Ar on biotite) from the crystalline basement 
underlying the Liantuo". Shale from the upper part of the 
Tianzhushan member (Dengying Formation) has an inferred 
isotopic age of 610+ 10 Myr based on whole rock Rb-Srisochron 
analyses". Palaeontologically, acritarchs from acid residues of 
Doushantuo clastic rocks have been interpreted to indicate a 
late Proterozoic age («700 Myr)^?. The overlying Dengying 
Formation's palaeontology (vendotaenids from the lower part’; 
pre-Cambrian acritarchs from shale^?, and small shelly fossils 
of Meichucunian or Tommotian character at the top’) also 
indicates a pre-Cambrian age for the Doushantuo. Following 
guidelines set forth by the International Union of Geological 
Sciences/ International Geological Correlation Program Project 
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29 Working Group on the Precambrian-Cambrian Boundary'$, 
the small shelly fossils appearing in the Tianzhushan member 
(Dengying Formation; Fig. 2) would define the base of the 
Cambrian. Hence, until now, the overall palaeontology, 
stratigraphy, isotope age data and correlations with other areas 
suggested a late Proterozoic age for the Doushantuo. 

Previously reported fossils from the Doushantuo Formation 
include  stromatolites", — acritarchs? and chitinozoans!’. 
Cyanobacteria? and spiny microfossils?^7 have been 
described from chert and sponge-like spicules from dolomite”. 
No megascopic algal, metazoan trace or body fossils have yet 
been found in the Doushantuo. 

The microfossils that we describe here were detected in petro- 
graphic thin sections of chert nodules in dolomite from two 
measured sections of the Doushantuo Formation; опе ~150 m 
east of Wangfenggang Village, the other ~700 m south-southeast 
of Tianjiayuanzi Village, Yichang County, Hubei, China (Fig. 
1). Of the coccoidal microfossils detected, solitary specimens 
are rare; the more abundant pluricellular varieties are represen- 
ted by such Proterozoic taxa as Myxococcoides, Palaeoanacystis 
and Tetraphycus. Among the new taxa present are a Meris- 
mopedia-like pluricellular form with tightly packed cubic cells 
and an aggregate of small <l-um diameter cells that might 
represent fossilized bacteria. In general, most of the coccoidal 
morphs resemble cyanobacteria; however, although diverse, the 
coccoids are only moderately abundant when compared with 
filaments and large spinose morphs. 

The benthic component of the microbiota is dominated by 
filamentous fossils that resemble cyanobacteria. Bundles, 50- 
400 рт across, of filaments, 5-45 jum in diameter, are common 
(Fig. 3a) and many superficially resemble the extant multi- 
trichomous oscillatoriacean Microcoleus Numerous single fila- 
ments, ranging from «1 to as much as 100 jum in diameter, and 
representing several taxa, occur as solitary strands and in mat- 
like arrangements. Rare examples of an Obruchevella-like fossil 
have been found. Most filaments resemble the empty sheaths 
of cyanobacteria although others may be bacteria and algae. 
Preservation at times is so good that a trichome can be found 
preserved within its sheath (Fig. 3d) No heterocystous or 
branched filaments have been detected. 

Cyanobacteria-like fossil diversity is high; >20 species are 
present. These microfossils occur in rudimentary, stratiform 
stromatolite-like microstructures not too unlike those seen in 
Proterozoic microfossiliferous stromatolites?. In some inst- 
ances, this rudimentary lamination is disrupted in a manner 
suggesting churning of the sediment by organisms that did not 
leave clear, well-defined burrows. 

Planktonic microfossils include a variety of morphotypes. 
Among the most conspicuous and abundant plankters found in 
thin section are diverse spinose vesicles, ranging from 30 to 
1,200 рт across. Important among these are the spiny acritarchs 
resembling Baltisphaeridium (Fig. 3b) hitherto known only from 
early Cambrian and younger rocks?^?, 

The Doushantuo also contains abundant and diverse, 
morphologically-complex microscopic fossils of uncertain 
systematic position. First, there are robust, multilayered and 
partitioned tubes (Fig. 3c). These fossils, 40-100 um in diameter, 
occur in variable abundance in numerous thin sections from 
several sites. At first glance, these tubes resemble large, lamel- 
lated, oscillatoriacean cyanobacterial sheaths. However, oscil- 
latoriaceans and other filamentous cyanobacteria, bacteria, 
algae, and fungi are not known to possess this type of architec- 
ture. Superficially they resemble miniaturized coelomates; 
however, the small size and apparent partitioning of the 
innermost tube (which would be equivalent to the gut) make 
this affinity unlikely. This morph might represent an evolutionary 
novelty in the prokaryotic or eukaryotic line for which there are 
no modern analogues. 

Also, large, 400-900-шт wide and 750-1,500-шт long, mor- 
phologically complex, brown coloured vesicles (Fig. 3/) have 
been found in many thin sections from several sites. The fossils 
are characterized by a tripartate organization consisting of: (1) 
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Fig. 3 Microfossils from the 
Doushantuo Formation. All photo- 
micrographs are from petrographic 
thin sections housed in the Preston 
Cloud Research Laboratory. a, 
Bundle of filaments showing possible 
multitrichomous habit. Sheath is not 
evident. b, Baltisphaeridium spiny 
microfossil; note the closed, tapered 
ends of the spines. c, Partitioned, 
concentrically-layered tube. Parti- 
tions, indicated by arrows, cut the 
layered cylinder. It is uncertain even 
to what kingdom this fossil belongs. 
d, Cyanobacterium with trichome 
preserved within lamellated sheath. 
The outer sheath is not partitioned 
and the inner trichome is not layered. 
e, Backfilled burrow. This burrow 
and others like it (preserved in chert), 
pre-date previously known bona fide 
burrows from the Sinian of China. 
f, Complexly organized protistan 
showing outer layered organic 
mantle with tube clusters, boundary 
layer, and interior with particulate 
contents. 


the vesicle interior that typically contains amorphous black 
particulate organic and pyritic matter and occasionally folded 
membrane-like material; (2) a well-defined boundary layer or 
wall that separates an external organic covering from the vesicle 
interior; and (3) an outer organic covering or mantle that is 
occasionally layered, as seen in Fig. 3f. This organic covering 
contains clusters of from 3 to 8 small, hollow tubes, each 1-3 шт 
in diameter. The tubes have closed, tapered ends. Where 
attached to the boundary, the tubes open to the vesicle's interior. 
The tubes, wall structure, interior and overall organization of 
these microfossils are unlike that of previously described spinose 
acritarchs, although some similarities exist with the Proterozoic 
morph  Trachyhystrichosphaera^*. Superficially they also 
resemble certain protozoan sporocysts like those of gregarines. 
The size and complexity of these fossils indicate some kind of 
eukaryote, probably a protistan. Again the possibility exists that 
these fossils have no modern analogues. 

Structures resembling backfilled burrows, 150-250 рт across 
(Fig. 3e), are known from two collecting sites. Longitudinal and 
cross-sections of these burrows are found oriented both parallel 
to, and oblique to, lamination in chert nodules. Although rare 
(four examples known) and in the case of Fig. 3e composed of 
chalcedony, they probably represent some  worm-like 
meiofaunal animal that peristaltically moved through sediment. 
These structures cannot be interpreted as laminated construc- 
tional features like microstromatolites for the layering is concave 
down and disrupts chert matrix laminae. The presence of such 


submillimetre-sized, backfilled burrows in the Doushantuo sug- 
gests meiofaunal activity and, if the age of the Doushantuo 
proves to be late Proterozoic, make them among the oldest 
burrows known. 

Clearly, the discovery of Baltisphaeridium and related spinose 
vesicles in Doushantuo cherts raises questions, not only about 
the age of the Doushantuo, but also concerning criteria and 
reliability of criteria used to define the Precambrian- Cambrian 
boundary. 

This precise age controversy aside, the exceptional preserva- 
tion of the abundant and diverse prokaryotic and eukaryotic 
fossils in the Doushantuo cherts provide à unique microscopic 
window on a time during the early stages of animal evolution 
and the waning of stromatolite-building microbial mat com- 
munities". These new data must be considered when defining 
one of the major boundaries of the geological time scale. The 
robust nature of many of the cyanobacteria (large size, thick 
sheaths) as well as some of the problematic morphs may have 
been an attempt by mat-forming organisms to cope with newly 
evolved ‘meiofaunal’ and macrofaunal benthic eukaryotic 
heterotrophs that ultimately overwhelmed the stromatolite- 
building biocenoses: an extraordinarily successful biocenose 
that had flourished for hundreds of millions of years. 
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Certain potential pesticides are of limited use because of their 
sensitivity to sunlight. Previous attempts to overcome this limita- 
tion have been unsatisfactory because of impairment of insecticidal 
efficiency or unwanted toxic properties. The photosensitivity results 
from the balance between the processes, such as energy transfer 
and chemical reaction, by which photoexcited molecules can release 
excess energy and return to the ground state. The efficiency of the 
various energy transfer mechanisms'~* depends, in some cases, on 
the specific spectroscopic characteristics of donor and acceptor 
iolecules, the distance between them and their relative orienta- 
tions. We present here an approach aimed at protecting compounds 
of agricultural interest (for example, pesticides) by exploiting the 
unique surface properties of certain clays in order to build systems 
in which fast energy transfer occurs before photodegradation 
starts. 
Clays, such as montmorillonite, exhibit outstanding adsorp- 
on properties due to their high specific surface areas and high 
ation-exchange capacities. As organic molecules adsorbed on 
€ clay surface are oriented’, their intermolecular distances and 
rientations might fulfil the requirements for an efficient energy 
ansfer process. Measurements of energy transfer on clay sur- 
faces have been described for certain fluorescent cations*"!?. 
However, occurrence of such processes between adsorbed non- 
fluorescent photolabile organic molecules has not been reported. 
* Asuitable target for study of photostabilization is the synthetic 
non-halogenated pyrethroid bioresmethrin (BR) (5-benzyl-3- 
furylmethyl) (1R)-trans-chrysanthemate), a powerful contact 
insecticide effective against a wide range of insect pests and one 

f the safest pesticides (its acute oral LDsg (50% lethal dose) 
for rats is 8g per kg). Despite these advantages, bioresmethrin 
1s not used in agriculture owing to its rapid photodecomposition. 
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It was found that chemical modification of the pyrethroid struc- 
ture leads, in some cases, to more stable pesticides! '^ 5. Attempts 
have been made to stabilize the photolabile pyrethroids using 
various additives (antioxidants and UV-screeners) ^77. 
Recently, the photostabilization of cyphenothrin by dinitroani- 
lines at certain relative concentration ratios has been attributed 
to possible exciplex or charge transfer quenching". 

We have achieved stabilization of BR by adsorbing it on 
montmorillonite (Clay) together with the divalent cation methyl 
green (MG). Figure 1 shows the results of a typical bioassay 
using adults of the flour beetle Tribolium castaneum. Control 
samples of free BR exposed to sunlight completely lost their 
biological activity in «2 h, whereas samples prepared according 
to our method were still active after several days of exposure 
to sunlight. BR adsorbed in a complex with 0.2 mmol of MG 
per g clay was photochemically more stable than BR in a 
complex with a higher level of dye (0.4 mmol g^!). This indicates 
that the stabilization effect is due to specific interactions between 
the two compounds at the surface of the clay rather than to 
merely a UV-screening effect. 

Some details of these interactions at the molecular level can 
be obtained using Fourier transform IR (FTIR) spectroscopy 
(Fig. 2). A comparison of spectrum a (free BR) with spectrum 
b (BR adsorbed on clay) reveals that the stretching frequency 
of the C=O bond shifts from 1,722 to 1,709 ст! on adsorption. 
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The position of this band in spectrum c (BR adsorbed in the 
presence of MG) clearly shows that the BR molecules in the 
Clay-MG-BR complex are adsorbed in a similar manner as in 
the case of Clay- BR. Minor changes in the strong absorption 
bands of MG at 1,568 and 1,371 cm“ are also induced by the 
co-adsorption of BR. These changes, although difficult to 
observe in the measured spectra (Fig. 2d, e), are evident in the 
difference spectrum (Fig. 2c). In addition, co-adsorption of MG 
and BR induces broadening of the 1,497 cm~" peak.of BR. The 
fact that vibrational frequencies of one organic molecule are 
shifted due to the co-adsorption of another one (as detected by 
the differential FTIR technique) indicates that short-distance 
intermolecular interactions exist between the molecules of these 
substances on the clay surface. A change in concentration of 
the adsorbed molecules results in a modification of the inter- 
molecular distances and/or relative orientations in a manner 
which evidently affects the efficiency of the photostabilization 
effect (Fig. 1). 

The method we propose for protecting pesticides from photo- 
degradation thus consists of adsorbing the photolabile 
agrochemical to the surface of a clay to which another organic 
chromophore has been attached. This second organic 
chromophore may be selected according to its spectroscopic, 
geometric and charge characteristics, depending on the type of 
clay to be used and the pesticide to be protected. If the clay is 
a smectite, such as montmorillonite, with a negatively charged 
surface, a cationic protective compound may be used. As a result 
of its adsorption to the clay, the charge at the adsorption site 
is neutralized and the surface might become hydrophobic 
(depending on the size of the organic cation). If a non-ionic 
presticide molecule is added to this system, it will be adsorbed 
at these hydrophobic sites or, alternatively, it might be attached 
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Fig. 1 Bioassay to evaluate protection of bioresmethrin from 
photodegradation. a, Unprotected bioresmethrin, b-d, montmoril- 
lonite(Clay)-methy! green(MG)-bioresmethrin(BR) complexes 
with different MG loading. The concentration of BR in all three 
cases was 0.2 mmol per g clay. Concentrations of MG, relative to 
clay, were: b, 0.1 mmol г; с, 0.2 mmol g^! ; d, 0.4 mmol в. Clay- 
MG-BR complexes were prepared as follows: aliquots of a 10? M 
aqueous solution of MG were added dropwise to a 0.596 aqueous 
suspension of Na-montmorillomte (SWy-1 from the Clay Minerals 
Society repository). After separation by centrifugation at 16,000g, 
the precipitate was washed three times with distilled water, freeze- 
dried and ground to «50 рт. The appropriate volume of a 1077 M 
solution of BR in hexane was added to this powder and the solvent 
was evaporated under reduced pressure. For bioassays, 10 mg of 
the complex was deposited on the bottom of Petri dishes (5-cm 
diameter) and exposed to sunlight for various intervals of time; 
2-week-old Tribolium castaneum (CSbb strain) adults were used. 
After irradiation, 20 insects were transferred from stock cultures 
to the Petri dishes and the percentage mortality was recorded. 
Irradiated controls of Clay- BR complexes (BR adsorbed to mont- 
morillonite in the absence of MG) gave 0% mortality after 4h of 
exposure to sunlight. In all cases controls protected from light gave 
10096 mortality. 
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Fig. 2 Founer transform IR absorption spectra of. a, biore- 
smethrin (BR); b, BR adsorbed on montmorillonite. The latter 
spectrum was obtained by subtracting the spectrum of the clay 
from that of the complex Clay-BR (none of which are shown). с, 
BR adsorbed in the complex Clay- MG- BR, obtained by subtrac- 
tion of spectra e and d. ‘Negative’ peaks just below 1,586 and 
1,371 ст! result from small shifts in the MG transitions at these 
positions due to co-adsorption of BR. d, Clay- MG-BR, with 
0.2 mmol of each of MG and BR per g clay; e, Clay- MG (0.2 mmol 
MG per g clay). All spectra were measured in KBr pellets using 
a Nicolet MX-S FTIR spectrophotometer. 
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to the clay surface either directly or through interaction with 
adsorbed inorganic cations and/or interlayer water molecules. 
The actual mechanism will depend largely on the structure of 
the pesticide molecule (nature of functional groups) and on the 
extent of coverage of clay surface by the organic cation. Follow- 
ing photoexcitation of pesticide molecules, an efficient energy 
transfer between them and neighbouring organic cations might 
take place at a high rate, thus preventing the photochemical 
decomposition of the bioactive compound. In such a system, 
the protective compound is linked to the clay surface by strong 
coulombic bonds, whereas the pesticide molecules are retained 
by much weaker bonds and can be easily detached from the 
surface, as required for insecticidal activity. 
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Patterns of family extinction depend 
on definition and geological timescale 


Antoni Hoffman 


Lamont-Doherty Geological Observatory, Columbia University, 
Palisades, New York 10264, USA 


The recent claim’ of an approximate 26-Myr periodicity in the 
pattern of mass species extinction over the past 250 Myr has 
already stimulated much astrophysical speculation and debate on 
causal mechanisms? ?. However, as shown here, the evidence for 
that claim is strongly contingent on arbitrary decisions concerning 
the absolute dating of stratigraphical boundaries", the culling of 
the database and the definition of what is mass extinction as 
opposed to background extinction. This evidence becomes 
insufficient under other plausible geological timescales and other 
acceptable definitions of mass extinction. Analysis of the non- 
culled database shows that the reliability of identification of mass 
extinctions and their timing is at present extremely limited. It also 
suggests that the apparent periodicity of mass extinctions results 
from stochastic processes. 

The database for recent studies on global patterns of diversity 
and extinction usually consists of Sepkoski’s compendium of 
stratigraphical ranges of all marine animal families in the 
PhanerozoicP. The stratigraphical resolution is to the level of 
universally recognizable units called stages (some of them are 
indeed stages, others are clusters of stages or even series). This 
compendium is taken at its face value, although the earlier 
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Table 1 Late Permian to Pleistocene maxima of marine animal family extinction, depending on geological timescale (H-H3 and O-O3) and: 
definition of the maxima (A-F) 
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Asterisks denote major maxima, circles denote minor, perhaps insignificant maxima А, Probabilistic rate of extinction per stage, culled data set, 
maxima defined as local peaks, B, number of family extinctions per stage, complete data set, maxima defined as local peaks; C, probabilistic rate 
of extinction per stage, complete data set, maxima defined as local peaks; D, probabilistic rate of extinction per stage, complete data set, maxima 
defined as points more than one standard deviation above the regression line (the same maxima obtain for the number of family extinctions per 
stage); E, number of family extinctions per Myr, complete data set, maxima defined as local peaks (H, timescale given by Harland et al?; НІ, 
H2, H3, timescales randomized within the limits of analytical error of absolute dates given by Harland et al.; O, timescale given by Odin??; O1, 
O2, O3, timescales randomized within the limits of analytical error of absolute dates given by Оаш); Е, probabilistic rate of extinction per Myr, 
complete data set, maxima defined as local peaks (timescales as for E). 
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demonstration by Raup'®'” and others!*-? that these kinds of determine which stratigraphical ranges are unquestionable. This 
data are strongly biased has never been refuted. The data аге must be an arbitrary decision because each range may be ex- . 
' at the family level of taxonomic hierarchy, and the resultant ‘tended in either direction by new- discoveries (probabilistic 
patterns may not agree with the patterns at the species level, ^ methods??? are useless because neither family encounter 
For instance, the Toarcian maximum of species extinction??^ — "frequency nor sequence in independent samples can be ana- 
is unrecognizable at the family level, whereas the late Eocene lysed). The time frame of Raup and Sepkoski's ‘analysis 
maximum of family extinction does riot show up at the species arbitrarily cuts off the Guadelupian (extinction rate and proba- 
level??7*. Therefore, the following analysis is, for the sake of bility higher than in the Dzhulfian) as well as the late Miocene 
consistency, confined to the family level. (five family extinctions, as in the middle Miocene) and Pliocene 
The database analysed for periodicity in- mass extinction! is (seven family extinctions). Had the Guadelupian and Pliocene, 
only a subset of Sepkoski's compendium. This subset is defined rather than Dzhulfian and middle Miocene, been accepted as 
by exclusion of extant families and families with imprecise or mass extinctions, the 26-Myr periodicity would have to be 
questionable stratigraphical ranges. The time frame is the latest rejected. 
Permian (Dzhulfian) to middle Miocene. The data culling was . Hence, the following analysis is based on all Guadelupian to 
intended to remove the noise and the pull of the Recent'Ü, but Recent taxa recorded in Sepkoski's compendium. Family extinc- 
it results in data reliability being much lower in the Cenozoic tions with stratigraphical resolution to the series or system level 
than in the Mesozoic. For instance, the middle Miocene demise are assigned proportionately to the stages, a procedure which ' 
of 5 families becomes a possible mass extinction and the late accentuates maxima of extinction. Nevertheless, the culled data 
Eocene demise of 10 families is a very pronounced event, set analysed by Raup and Sepkoski shows eight maxima with 
whereas 19 families going extinct in the Campanian represents, extinction probability exceeding 0.1 (cutoff level for mass extinc- 
a period of low extinction and the late Permian 'extinction tions at the family level??!), whereas the complete data set gives 
involves hundreds of families. Clearly, the alleged mass ex- only two events of this magnitude (Guadelupian, Maestrichtian) 
tinction events are incompatible with each other. Furthermore, and only four additional events exceeding the 0.05 level 
the removal of extant families causes some extinction peaks to ` (Olenekian, Norian, Tithonian, Cenomanian). This difference 
shift; probability of family extinction is higher iñ the late Eocene clearly shows the impact of data culling by Raup and Sepkoski. 
than in the middle Eocene only because the family number, that Analysis of the timing of geological or palaeontological events 
is, denominator, is artificially decreased in the former. The data obviously must depend on the geological timescale. There is 
culling also results in arbitrariness, for there is no criterion to much uncertainty in absolute dating of stratigraphical boun- 
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Fig. 1 Time distribution of maxima 
of family extinction, depending on 
definition and geological timescale 
(see Table 1 for explanation and 
event identification), vertical scale in 
Myr. Mass extinction events oc- 
curred somewhere within time ranges 
given by the black bars; hatched bars 
(or dashed lines) denote minor, per- 
haps insignificant, maxima. 
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daries. Two recent timescales*” differ by as much as 10-14 Myr 
for many stratigraphical boundaries in the Mesozoic. This differ- 
ence might increase to over 20 Myr if the analytical errors of 
absolute dates, as estimated by the authors of the two scales, 
run in opposite directions. (The timescale uncertainty is thus 
not much less than in the post-Cambrian Palaeozoic, where no 
26-Myr periodicity in mass extinctions has been discovered’.) 
The correlation is only moderate between the two timescales 
and its statistical significance is largely due to the generally 
good dating, and hence agreement between the timescales, 
for the late Cretaceous and Cenozoic. This correlation, however, 
dramatically decreases for randomized modifications of the 
timescales, with stage durations determined at random within 
the limits of analytical error of the absolute dating as given by 
the authors of the timescales. Such a randomization assumes 
that, contrary to the timescale of Harland et al” accepted by 
Raup and Sepkoski, stratigraphical stages vary in duration This 
assumption, however, is strongly corroborated by the evidence 
from, for instance, late Cretaceous stages ranging from 1 Myr 
(Coniacian) to 15.5 Myr (Albian) 

Analysis of the timing of mass extinctions naturally depends 
on the choice made from a variety of criteria for distinguishing 
between mass extinction and background extinction. This is not 
a trivial matter, for, as noted by Raup et al^, “it is entirely 
possible that the initial assumption .. . , that background extinc- 
tion and mass extinction constitute two discrete populations, 
may not be correct". Rate or probability of extinction can be 
taken as extinction metrics. If extinctions are assumed to occur 
episodically rather than continually, the use of rate or probability 
per stratigraphical stage is reasonable. This is an ad hoc assump- 
tion but it may be substantiated by the evidence for catastrophic 
physical events (for example, extraterrestrial impacts) as the 
causes of mass extinction and by the absence of correlation 
between extinction and stage duration!. There is, in fact, strong 
evidence that the terminal Maestrichtian extinction is associated 
with??-^, though not necessarily caused by*?~, a major physical 
catastrophe, and only disputable evidence for coincidence of 
the late Eocene extinction peak with a physical catastrophic 
event’, However, evidence for association of other alleged 
mass extinctions with major catastrophes is largely absent“. On 
the other hand, the absence of correlation between extinction 
and stage duration may be caused by the fallacy of equal stage 
durations; besides, it is irrelevant to individual events. If the 
assumption that extinctions occur episodically is rejected, 
extinction rate or probability per Myr should be applied as the 
appropriate extinction metric, as in the analyses of extinction 
intensity through geological time ^99, 

Mass extinctions may be defined as peaks of the curve’. An 
arbitrary level of extinction metric may, then, be set to distin- 
guish between true and spurious peaks caused by minor and 
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inevitable fluctuations in background extinction??!, Such a defi- 
nition is appropriate for extinction metrics normalized for time, 
although it ignores the possibility of prolonged periods of 
unusually high extinction. As judged after Sepkoski's data", 
the latter may be the case with (Givetian?-) Frasnian- Famen- 
nian, Guadelupian-Dzhulfian and Carnian-Norian-Rhaetian. 
On the other hand, definition of mass extinctions as peaks of 
the curve rules out the possibility that two, or even more, 
consecutive stages were periods of mass extinction. Yet instan- 
taneous mass extinction events may well be separated by one 
stage only. This may be an alternative interpretation of con- 
sistently high extinction in the late Devonian, late Permian and 
late Triassic if each stage was taken to represent an individual 
event. Therefore, such a definition is inappropriate for extinction 
metrics per stratigraphical stage. Instead, all rates or prob- 
abilities exceeding a certain arbitrary level can be recognized 
as mass extinctions. Alternatively, rates or probabilities more 
than, say, one standard deviation above the regression line over 
geological time can be identified as mass extinctions. The latter 
definition takes into account the substantial decrease in extinc- 
tion intensity through time 99, 

Table 1 shows the wide array of stages that appear as mass 
extinctions, depending on definition and timescale. There is 
some apparent regularity in the pattern of mass extinction events 
defined as peaks of extinction metrics not normalized for time 
(Table 1A- C), but this may well be pseudoperiodic behaviour 
of a stochastic system; when the absolute magnitude of alleged 
mass extinctions is taker into account in addition to their timing, 
such a model shows a better fit to the empirical pattern?'. When 
the absolute magnitude of extinction peaks is disregarded, 
however, as in Raup and Sepkoski's analysis, such a definition 
causes the empirical pattern to represent only relative changes 
in extinction metric over relative geological time. Thus, the 
conditions for random walk are met. Given a strict random-walk 
model (0.5 probabilities of both increase and decrease in extinc- 
tion metric, regardless of what happened at the preceding step), 
there is 0.25 probability that any particular stage represents a 
peak of extinction. Peaks are, then, expected to occur approxi- 
mately every fourth stage, albeit with considerable variance. In 
fact, their actual distribution in the Phanerozoic does not sig- 
„nificantly deviate from this expectation of random-walk model". 
Given the assumption of equal stage durations for the Triassic 
to early Cretaceous and given also 6.2 Myr as the average stage 
duration in the Guadelupian to Quaternary, the 26-Myr perio- 
dicity of extinction peaks in that time interval also does not 
significantly deviate from expectation. (The average stage dur- 
ation is considerably longer in the Palaeozoic and, therefore, 
35-40-Myr periodicity can be expected for this era, which may 
explain the misfit between Palaeozoic and post-Palaeozoic data 
reported by Raup and Sepkoski!.) 
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On the other hand, the Pliensbachian, Bajocian, Tithonian 
and Hauterivian rather consistently stand out as significant 
events in Table 1. These stages, however, also represent peaks 
of family origination, despite the absence of overall correlation 
between extinction and origination”. This may suggest that they 
were simply longer than adjacent stages, such a hypothesis is 
especially plausible for the Bajocian, as it also includes the 
Aalenian in the stratigraphical framework of Sepkoski’s com- 
pendium. 

There are few stages that do not appear as maxima of family 
extinction in Table 1, regardless of timescale and definition, 
although some of them might, given other randomizations of 
the timescale (only three randomizations were made for each 
of the two timescales**** considered here). Only the Maestrich- 
tian event stands out regardless of timescale and extinction 
metric. The late Permian maximum shifts from the Guadelupian 
to Dzhulfian under some timescales, and both of them depart 
strongly from the regression line of probabilistic extinction rate 
over time. It is a subjective matter whether the late Triassic 
maximum is placed in the Carnian, Norian or Rhaetian (in fact, 
both the Carnian and Norian strongly depart from the 
regression, whereas the Rhaetian was probably.the shortest and, 
hence, gains prominence if the extinction metric is normalized 
for time). Under time-normalized extinction metrics, virtually 
each Jurassic and Cretaceous stage may be a period of mass 
extinction. If extinction probability per Myr is considered, there 
seems to be no important event during the 65 Myr of the 
Cenozoic (the range of variation of the extinction metric does 
not exceed 0.002 in the Cenozoic, whereas it is an order of 
magnitude wider in the late Cretaceous); and there is only one 
late Jurassic event throughout the Jurassic and early Cretaceous 
(~120 Myr), given some timescales. 

When plotted against absolute time (Fig. 1), the pattern of 
mass extinctions becomes even more ambiguous. Even under 
the same definition of extinction maxima, there is much uncer- 
tainty about their timing. To overstate the case, the Pliensbachian 
and Bajocian events (if there were such) may be as close to 
each other as 5 Myr or as far apart as 40 Myr according to 
Harland et al? (this range is somewhat smaller under the Odin 
timescale*”). If the extinction metric is normalized for time, 
there is almost no invariance in time distribution of major events 

Thus, the assumption that all major mass extinction events 
are correctly identified and that no event is either missing from 
or redundant in the list??^ is absolutely unwarranted. Non- 
parametric testing is, therefore, appropriate. The test developed 
by Raup and Sepkoski! and Rampino and Stothers"^, however, 
is very liberal, for it is insensitive to the absence of predicted 
events. Hence, the test is not expected to reject the claim for 
periodicity even if some minor peaks (for example, Olenekian, 
Bajocian, Callovian, Hauterivian, middle Miocene) are no lon- 
ger regarded as true mass extinctions. Some extinction metrics 
pass that test for various cycle lengths under certain timescales 
(for example, events defined as in Table 1D fit the 26-Myr 
periodicity under the timescale of Harland et al. and no other 
timescale considered herein). Correlation to various external 
cycles could, then, be sought and ad hoc explanations given for 
absence of mass extinctions from where they should be (for 
example, absence of any early to middle Jurassic, early 
Cretaceous, and Cenozoic events in Table 1D). If, however, 
such absences are considered real, or if minor events are also 
taken into account, the appearance of periodicity vanishes in 
most cases. 

It is crucial that what is a matter of interpersonal agreement 
is not accepted as a matter of discovery. There may be periodicity 
in late Permian to Quaternary mass extinctions, but we only 
know that there were periods (not necessarily short) of increased 
extinction in the late Permian, late Triassic, late Cretaceous and 
perhaps also late Jurassic and mid-Cretaceous. The exact timing 
of these events and what other events, if any, are to be considered 
mass extinctions, are subject to arbitrary decisions. It is those 
subjective decisions that result in the appearance of periodicity 
of mass extinctions However, even if the objective pattern of 
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mass extinctions did indeed appear periodic, this might be due 
to combined effects of independent processes rather than to a 
single causal mechanism?"??, Hence, the biological and geologi- 
cal context of each event must be evaluated on its own. 
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Outer hair cells in the mammalian 
cochlea and noise-induced hearing loss 
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Hair cells in the mammalian cochlea transduce mechanical stimuli 
into electrical signals leading to excitation of auditory nerve 
fibres'. Because of their important role in hearing, these cells are 
a possible site for the loss of cochlear sensitivity that follows 
acoustic overstimulation??. We have recorded from inner and outer 
hair cells (IHC, ОНС) in the guinea pig cochlea during and after 
exposure to intense tones. Our results show functional changes in 
the hair cells that may explain the origin of noise-induced hearing 
loss. Both populations of hair cells show a reduction in amplitude 
and an increase in the symmetry of their acoustically evoked 
receptor potentials. In addition, the OHCSs also suffer a sustained 


NATURE VOL 315 20 JUNE 1985 





depolarization of the membrane potential. Significantly, the mem- 
brane and receptor potentials of the OHCs recover in parallel 
with cochlear sensitivity as measured by the IHC receptor potential 
amplitude and the auditory nerve threshold. Current theories of 
acoustic transduction“ suggest that the mechanical input to IHCs 
may be regulated by the OHCs. Consequently, the modified func- 
tion of OHCs after acoustic overstimulation may determine the 
extent of the hearing loss following loud sound. 

Pigmented guinea pigs (200-250 g) were anaesthetized with 
pentobarbital sodium, Operidine and Droleptan (Janssen) 
before the animals were prepared for intracellular recording!’. 
Acoustic test stimuli were delivered in a closed sound system 
with a Beyer DT48 earphone and the intense tones delivered 
by a Bruel and Kjaer 12.5-mm condenser driver (Type 4134). 
The frequency of the intense tone was fixed at 12.5 kHz (110 dB 
sound pressure level (SPL), 225 ms), which has been shown’ to 
be the most effective stimulus for producing a loss of neural 
sensitivity in the region of the cochlea (15-20 kHz) from which 
the majority of IHCs were recorded. For the duration of the 
experiment cochlear sensitivity was assessed by the threshold 
response of the auditory nerve to gated tones (1 ms rise time). 
Identification of the hair cells depended on their electrical 
properties and their recording locations, which were correlated 
by intracellular dye marking. After a hair cell had been impaled, 
normal voltage responses were recorded to either a 600-Hz 
continuous tone (85 dB SPL), or in the case of IHCs, a gated 
tone (40-60 dB SPL) close to the characteristic frequency (c.f.) 
of the cell. The animal was then exposed to the 12 5-kHz tone 
at 1-s intervals and the responses of the hair cell recorded. 

IHC receptor potentials (Fig. 1a) generated in response to 
low-frequency tones can reach 30mV and demonstrate a 
depolarizing asymmetry as the intensity increases. As the 
stimulus frequency increases, the amplitude of the phasic com- 
ponent of the receptor potential decreases at about 6 dB per 
octave, probably as a direct result of the low-pass electrical 
properties of the hair cell membrane!. For high stimulus frequen- 
cies, at or near the c f. of the cell, the receptor potential produced 
by IHCs is recorded as a direct current (d.c.) component that 
can reach 15 mV in amplitude (Fig. 15). It is thought that this 
depolarizing potential generated across the hair cell membrane 
controls transmitter release at the afferent synapse and sub- 
sequent afferent fibre excitation’. 

Resting membrane potentials of OHCs in the basal coil of 
the cochlea are significantly larger than those of IHCSs (typically 
—70 to —85 mV compared with —45 mV) whereas the receptor 
potentials in response to low-frequency stimuli reach maxima 
of only 8-10 mV. With low-frequency stimulation the receptor 
potentials of OHCs are symmetrical at low intensities but, in 
contrast to IHCs, grow in the hyperpolarizing phase as the 
stimulus intensity increases (Fig. 1c) For tones close to the 
presumed c.f. of the cell no d c. receptor potential is recorded 
for stimulus levels less than 90 dB SPL (Fig. 1d). A small 


Fig. 1 Receptor potentials of ап IHC and 
OHC recorded in the basal coil of the guinea 
pig cochlea in the same animal with the same 
electrode. a, b, Intracellular recordings from 
IHCs in response to a gated 200-Hz tone (a) a 
and 16-kHz tone (Б) at intensities of 85 dB SPL 
and 65 dB SPL respectively In both cases an 
asymmetrical depolarizing potential is gener- 
ated during the acoustic stimuli Recordings 
from identified OHCs at 85 dB SPL show hyper- 
polanzing potentials during the 200-Hz tone (c) 
and no depolanzing potential during the 
16-kHz (65dB SPL) (d) presentation OHC 
responses are in phase with the cochlear micro- 
phonic recorded at the round window while the 
response of IHC phase leads the OHCs by b 
about 90° for a stimulus frequency of 200 Hz. 
The transients associated with the onset and 
offset of the hair cell response are derived from 
transients in the gated tone. All records are 
single traces and are not averaged. 
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depolarizing а.с. component (ир to 5 mV) may be recorded but 
only when the intensity of the stimulus approaches 110 dB SPL. 
It thus appears that the transfer characteristics of the IHCs and 
OHCs in the basal turn are quite different. 

At the onset of the 12.5 kHz exposure tone (Fig. 2a), the IHC 
depolarizes to a level 10-20 mV above the resting potential at 
a rate that is indistinguishable from the rise of the tone burst 
(1 ms). The d.c. гесеріст potential then adapts for the remainder 
of the exposure. In a number of animals the adaptation demon- 
strated two separate stages (Fig. 2d), an initial rapid phase with 
a time constant of about 10 ms and then a slower phase where 
the cell repolarized at a rate of approximately 1 mV s^!. At the 
offset of the loud tone, the membrane rapidly repolarizes to the 
pre-exposure resting potential with no obvious sustained eleva- 
tion of the membrane potential (Fig. 2d). The d.c. voltage 
responses to the test tone at their best frequencies are reduced 
after the loud tone and recover between the acoustic overstimula- 
tions in a manner that can be described by a single exponential 
function with a time constant of about 200 ms. With multiple 
presentations of the loud tone these voltage responses show a 
cumulative decrease in amplitude This loss of sensitivity is also 
seen as a decrease in the amplitude of the compound action 
potential recorded from the auditory nerve; that is, with succes- 
sive loud tones the cochlear shows a progressively greater loss 
of sensitivity. 

The growth of the depolanzing d.c. receptor potentials 
recorded from the OHC (Fig. 2b) during the loud tone differs 
from the IHC responses in that they demonstrate a considerably 
longer time constant (4-5 ms) at the onset. In addition, the OHC 
membrane potential shows no sign of adapting but continues 
to depolarize during the tone. At the offset the OHC repolarizes, 
but only to a level above the pre-exposure or control value. With 
multiple exposures this results in a cumulative depolarization 
of the cell. For the cell shown in Fig. 2c, this depolarization 
accumulates at the ra:e of 0.3 mV after each presentation 
However, the membrane potential does return to the control 
level if sufficient recovery time is allowed between the 12.5-kHz 
tones. 

The recovery of the IHC d.c. responses to tones close to their 
best frequencies is closely correlated (r?=0.97) with the 
repolarization of the OHCs following an intense tone (Fig. 3) 
OHCs in the basal turn of the cochlea do not generate voltage 
responses to tones at the best frequencies of the adjacent IHCs, 
so it was not possible for us to compare the recovery in sensitivity 
of the OHCs with their membrane potentials at these frequen- 
cies. However, we were able to make this comparison at low 
frequencies where it was possible to monitor the phasic voltage 
responses of OHCs and IHCs to 600-Hz continuous tones 
before, during and after exposure to intense tones. The voltage 
responses of OHCs (Fig. 2b) were reduced following the intense 
tones and recovered in parallel with the repolarization of the 
membrane potential. The simplest explanation for this reduction 
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Fig. 2 a, Receptor potentials recorded from an IHC in 
response to a 16-kHz test tone (60 dB SPL) and a single a 
225-ms 12 5-kHz exposure. The voltage responses of the 
IHC to the 16-kHz tones decrease immediately following 
the loud tone and then recover with a time constant of 
approximately 200 ms. b, ОНС voltage responses to a 
continuous 600-Hz tone (85 dB SPL) and a single pres- 
entation of the 12.5-kHz tone. The OHC continues to 
depolarize during the loud tone and at the offset, the b 
phasic component of the receptor potential 1s reduced in 
companson with the pre-exposure amplitude. It then 
recovers with a time course similar to that of the IHC. с, 
d, Voltage responses recorded in OHC and IHC respec- 
tively following five successive exposures to the loud tone. 
The IHC (d) demonstrates no sustained elevation of the 
membrane potential while the OHC (c) is progressively 
depolarized with each exposure e, IHC receptor potential 
evoked by a 600-Hz (85 dB SPL) tone before (continuous 
line) and immediately after acoustic overstimulation (dot- 
ted line) The latter demonstrates a decrease in amplitude 
and an increase in symmetry of the receptor potential 
around the resting membrane potential (arrow) and a 
phase lag when compared with pre-exposure recordings 
The most significant decrease in amplitude ts in the 
depolarizing phase This decrease 15 not associated with 
a change in the resting membrane potential f, OHC recep- 
tor potential recorded before (continuous line) and 
immediately following (dotted line) the loud tone. The 
decrease in amplitude and increase in symmetry of the 
OHC receptor potential is qualitatively similar to that 
recorded for the IHC but the OHC also demonstrates a 
prolonged depolarization of the membrane potential that 
recovers in parallel with the sensitivity of the receptor + 
potential There is no obvious phase change in the 
waveform as recorded ın the IHC. In contrast to the IHC, 
the OHC shows a greater loss of amplitude for the hyper- 
polarizing phase of the receptor potential. All records are 
single traces with no averaging 


is a reduction in the driving voltage for the transducer current 
as a result of the OHC depolarization. However, measurements 
of the membrane impedance of the OHCs after the loud tone 
showed that the depolarization was not associated with an 
obvious conductance increase. It is possible that the decrease 
in the OHC receptor potential amplitude is the result of an 
increase in the intracellular levels of cations, where cation influx 
exceeds cation efflux during the intense tone There is a corre- 
sponding, but smaller, reduction in the amplitude of the IHC 
phasic response after the loud tone (Fig. 2d), but in contrast to 
the OHCs this was not associated with a persistent depolariza- 
tion of the IHC membrane potential. Furthermore, it was clear 
that the voltage responses of IHCs were more vulnerable to 
acoustic overstimulation at their best frequency. 

For both groups of cells the reduction in amplitude of their 
voltage responses to low frequency tones is greatest for one 
particular phase, depolarizing for the IHC (Fig. 2e) and hyper- 
polarizing for the ОНС (Fig. 27), which resulted in the increased 
symmetry of their waveforms. A phase delay of the LHC receptor 
potential of about 60° when compared with control responses 
was also recorded (Fig. 2e). 

The primary source of mechanical input to cochlear hair cells 
is the relative shear between the tectorial membrane and their 
apical surfaces caused by basilar membrane motion during 
rarefactions (excitatory) and compressions (inhibitory) of the 
acoustic stimuli^?. This causes displacement of their stereocilia 
and modulation of their transducer conductances*!?, Current 
theories of cochlear transduction propose that the OHCs, by 
virtue of the firm attachment of their stereocilia to the tectorial 
membrane!!, are in a position to regulate this displacement 
through a bidirectional mechano-electrical feedback loop“. 
That is, OHCs are both detectors and effectors!^? and can 
modify the system that drives them by feedback. In contrast, 
the IHCs are considered as primarily sensory cells responding 
to the shear of their free-standing stereocilia!! through a fluid 
coupling to basilar membrane motion", 
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Fig. 3 ОНС membrane potential (Em) and the d.c. component 

of the IHC receptor potential (16 kHz) plotted over a 800-ms 

recovery period following exposure to a single 225-ms loud tone 
(r? = 0.97) 


Our most important new finding is that OHCs are depolarized 
during and following acoustic overstimulation and that their 
repolarization parallels the recovery of the sensitivity of the 
IHCs and their afferent innervation. However, if OHCs are the 
protagonists in a mechano-electrical feedback loop, we do not 
know if the depolarization is the primary cause of the changes 
we have observed in the receptor potentials of the IHCs and 
OHCs during noise-induced hearing loss, or if it reflects more 
fundamental changes. In light of recent in vitro experiments on 
cochlear hair cells, there are two possibilities worth considering. 
One is that the primary site of such hearing losses are mechanical 
structures associated with the OHCs (stereocilia!^^ and the 
tectorial membrane), and that the depolarization of the OHCs 
is a response to the way these mechanical structures function 
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after overstimulation. The other possibility is that the OHC 
depolarization is a result of a massive influx of cations during 
the loud tone, and that one of these (Ca?*) has interacted with 
contractile and structural proteins in the OHC!$. This may lead 
to an alteration in the coupling of the stereocilia to the tectorial 
membrane, thereby resulting in a decrease in the mechanical 
input to the IHC. In this case the animal has suffered a noise- 
induced hearing 1055. . | 

We thank Drs D. A. Lowe and А. К. Palmer for their helpful 
criticisms of this manuscript. This work was supported by a 
grant from the MRC. A.R.C. is a National Health and Medical 
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Epidemiological studies of the human T-cell leukaemia/lymphoma 
virus type I (HTLV-I), a type-C retrovirus of the human T- 
lymphotropic virus family, have used serological surveys to identify 
population subgroups possessing a high prevalence of naturally 
occurring HTLV-I-specific antibodies. Studies carried out to 
delineate the global distribution of the virus have demonstrated 
natural antibodies to HTLV-I in the serum of healthy donors from 
specific geographical areas, and have defined viral endemic areas 
in Japan'^*, the Caribbean basin?7, Africa? and the 
southeastern United States. Such studies have suggested that the 
prevalence of HTLV-I antibodies is directly correlated with 
age^!"7^ is associated with the clinical syndrome of adult T-cell 
lymphoma!^1?/57?, and is associated with transmission from 
mother to child! '^!???, A separate subtype of the human retrovirus, 
HTLV-II (refs 21, 22), has also been identified. The population 
of Israel in part comprises groups of immigrants of various ethnic 
and geographical origins. Because of this, and the fact that Israel 
has a highly developed public health system, we surmised that the 
ethnic groups in Israel could be used in a seroepidemiological 
survey of HTLV infection. The serological survey reported here 
demonstrates a high prevalence of HTLV-I antibodies in new 
immigrants from Ethiopia. This previously ethnically and 
geographically isolated group, the ‘Black Jews’ or ‘Falashas’, from 
the Gondar region in the northern rural highlands of Ethiopia, 
has the highest endemic rate of HTLV-I yet reported outside Japan. 

Analysis of 1,048 serum samples from Israelis of different 
ethnic/geographical origins revealed major differences in the 
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Table 1 Prevalence of antibodies to HTLV-I in various immigrant groups in Israel 





Ethnic or geographical No positive/ % 
origin of serum donors no, tested Positive 
I, Ethiopia 86/233 36.9 
II, North Africa 7/168 42 
(Morocco, Tunisia, 
Algeria, Libya) 
HI, Middle East. Yemen 2/30) 
Iraq 1/61) 4/109 37 
Tran 1/18) 
IV, Israeli-born (Ashkenazi) 3/150 20 
V, Western Europe (Ashkenazi) 3/265 11 
VI, Eastern Europe (Ashkenazi) 1/83 12 
Other 3/40 NS* 


We collected 1,048 serum. samples randomly from apparently healthy donors 
of ages 19-65 yr, male and female, in Magen David Adom (Israeli blood bank) 
stations, mobile stations and army camps Blood was drawn for the purpose of 
routine donation of blood Sera were obtained from clotted samples remaining 
after routine clinical phlebozomy Sera were stored frozen at ~70°C and shipped 
on dry ice to San Diego for assay The information collected from the blood 
donors included age, country or region of birth, origin (ethnic and national) of 
the donors and their parents, and year of immigration to Israel. For the purpose 
of this survey, the donors were divided into six groups of ethnic and national 
ongin. I, Ethiopia, 11, North Africa (Morocco, Tunisia, Algena, Libya), III, 
Middle East (Yemen, Iraq, Iran), IV, Israeh-born (predominantly of Ashkenazi 
descent), V, Ashkenazis born of Western European descent, VI, Eastern European- 
born Ashkenazis All serum samples were collected in the spring of 1984, before 
the entry of thousands of additional new immigrants from Ethiopia in October- 
December 1984 Antibodies against HTLV-I antigens were detected by ELISA as 
developed by Cytotech Inc HTLV-I was collected from the supernatant fluid of 
C10/MJ2 cells (provided by Dr R C Gallo) Virus-producing cells were pelleted 
by centrifugation at 3,500 r p.m ina RC 3 B centrifuge and the cell-free supernatant 
was filtered through a 0 45-u:n Millipore filter The extracellular virus was concen- 
trated 50-fold by Pellicon Ultrafiltration (Millipore) and the concentrated virus 
pelleted at 25,000 r p m оп a cushion of 50% Renografin (Squibb). Virus was 
resuspended ın phosphate-buffered saline (PBS) and layered onto a 15-50% 
Renografin gradient Centnfugation was for 18 h at 25,000 r p m. in a SW28 rotor 
та OTD 50 B Sorvall Ultracentrifuge After gradient fractionation, the virus was 
resuspended in PBS and pelleted for 1 h at 25,000rp m Virus purified by this 
procedure is exceptionally pure and contains <2% non-viral protein (by weight) 
Solid-phase enzyme immunoassays were used for the detection of HTLV-I anti- 
bodies Each donor serum sample was diluted 1 100 and assayed in duplicate on 
three separate days A goat anti-human IgG (heavy light chains) conjugated to 
glucose oxidase was used as a second antibody To each microtitre well was added 
200 ш of an enzyme substrate consisting of 200 pl 2,2'~azino- bis-3- -ethylbenz- 
thiazolinesulphonic acid, 200 ul horseradish peroxidase at 1 mg ті", 3 ml of 18% 
B-p-glucose, in 25 ml 01 M phosphate buffer pH 6 0, and the development ofa 
green colour was determined at 405 nm after exactly 30 min incubation in a 
Multiscan (Flow Laboratories) automated spectrophotometer A reading of twice 
the background reading obtzined with. HTLV-negative sera in the same test was 
considered positive. In an at:empt to preclude any false-positive serum antibody 
determinations, all positive sera were titrated and tested in a competition assay 
1n which the serum samples were preabsorbed with purified HTLV-I virion antigen 
before being retested in the HTLV-I ELISA Aliquots (250 pl) of a 1:100 dilution 
of donor serum samples were mixed with 1 jg of purified HTLV-I virus in 5 pl 
and incubated for 60 min at room temperature on a rotary shaker After absorption 
with purified virus, the virus-antibody complexes were assayed for unabsorbed 
antibody by solid-phase immunoassay 1n duplicate As a positive control serum 
їп these assays, we used the HTLV-I antibody-positive serum SRL-SL11, a serum 
from a confirmed case of acult T-cell leukaemia from Japan. Preabsorption of 
confirmed HTLV-I-positive sera with our purified HTLV-I preparations completely 
removed all reactivity from taese sera 

* Serum samples from a venety of sources, data not significant. 


prevalence of antibodies to HTLV-I (Table 1) Of the 1,008 sera 
that were divided into ethnic groups I to VI 1n Table 1, 104 sera 
were positive for HTLV-I antibodies and 86 of these sera (83%) 
were donated by immigrants of Jewish Ethiopian (Falasha) 
descent. Thus, 3796 of the sera from Ethiopian donors were 
positive for HTLV-I antibodies. Groups II and III, consisting 
of donors onginating in North Africa and the Middle East, 
showed a 10-fold lower prevalence of antibodies to HTLV-I 
(4.296 and 3.796, respectively) The remaining groups exhibited 
levels of prevalence (1-296) similar to those found in non- 
endemic areas of Europe, the United States and the higher 
socioeconomic groups in urban Venezuela’! 1^? 

Serum samples that were positive for antibodies against 
HTLV-I in an enzyme-linked immunosorbent assay (ELISA) 
were further assayed in an absorption test in which the sera 
were preabsorbed with titrated, saturating concentrations of 
purified HTLV-I virion antigen, followed by assay of any non- 
complexed antibody in an HTLV-I ELISA Whereas the 
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Fig. 1 Absorption of HTLV-I-positive Falasha serum samples 

with purified HTLV-I vinons Open bars, unabsorbed serum 

samples, cross-hatched bars, HTLV-I-absorbed samples. See text 

for a discussion of the methods. All serum samples were assayed 
at a dilution of 1.100 


antibodies that were present in most of the positive serum 
samples could thus be shown to be specific for HTLV-I, some 
3096 of the serum samples donated by Falasha individuals could 
not be absorbed completely with purified HTLV-I antigen. 
Figure 1 shows the results of absorption experiments with 14 
positive Falasha serum samples; a control serum having a high 
titre of antibodies against HTLV-I (SRL-SL11) and an HTLV-I- 
negative control serum (VL) were included in the tests We 
found that antibodies from 4 of the 14 Falasha serum samples 
shown (samples 415, 452, 468 and 517) were incompletely 
absorbed although preabsorption with НТІУ-І virions 
completely absorbed the antibodies from the high-titre control 
serum. For other serum samples (for example, samples 322, 386, 
393 and 403), antibodies to HTLV-I were absorbed efficiently. 

It is striking that in this serological survey of HTLV-I infection 
among immigrant groups in Israel, individuals of one ethnic 
group should display such a high prevalence of antibodies to 
HTLV-I and, by inference, have experienced a high frequency 
of virus infection. Our results show that 37% of the Black Jews 
of Ethiopian descent, most of them newcomers to Israel of 1 to 
2 years at the time of sample collection, had been exposed to 
HTLV-I and had antibodies to the virus. Healthy Ethiopian-born 
immigrants to Israel thus have the highest frequency of exposure 
to HTLV-I encountered or reported to date outside Japan*. We 
are uncertain whether a similar prevalence occurs among non- 
Jewish Ethiopians in the highlands of that country or in other 
geographical: rural and urban Ethiopian areas. Additional 
studies in other East African countries may reveal the origin of 
HTLV and may give rise to the isolation of variant subtypes of 
HTLV. 

In competition immunoassays with purified HTLV-I virions 
as well as with purified HTLV-II virions (not shown), some 
HTLV-positive Falasha serum samples could be only partially 
absorbed. There are two possible explanations for this lack of 
absorption; either most antibodies in these serum samples are 
directed against viral core proteins p24, p19 and p15 which are 
not as readily available in the absorbing whole virions as are 
the viral envelope antigens, or the unabsorbed sera contain 
antibodies directed against a new subtype of HTLV which has 
cross-reacting antigenicitiés with HTLV-I, but also contains a 
unique antigenicity. We will investigate these possibilities using 
alternative methods. 

HTLV-I has been shown to be associated with the develop- 
ment of certain T-cell leukaemias and lymphomas??^ 15.1945, 
However, no direct causal relationship has been found between 
infection with НТІМ-Г and subsequent development of 
leukaemia or lymphoma. Unequivocal evidence linking HTLV-1 
infection with the development of human malignant disease has 
been hampered by the relatively low incidence of móst cancers 
as well as бу, ће low incidence of infection of most human 
populations with HTLV, Together with the long incubation 
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period between exposure to HTLV and the possible development 
of disease, these difficulties have made prospective studies 
difficult because of the large number of persons who must be 
kept under observation. However, the Ethiopian immigrants to 
Israel, 37% of whom are positive for HTLV, may provide a 
practical population laboratory for prospective studies linking 
HTLV infection: with subsequent disease. Studies concerning 
the modes of transmission of HTLV'in a human population 
should also be feasible now that some 12,000 Ethiopian Jewish 
immigrants have moved to Israel and are living under improved 
hygienic conditions, with a modern public health system. These 
directions are being explored. 

We thank Dr Douglas W. Blayney for critical reading of the 
manuscript, and Ms Kathy Wong for editorial assistance. 
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The development of T cells within the thymus is not well understood. 
It is known that thymocytes are derived from a progenitor cell in 
the bone marrow, the prothymocyte!5, and that cells in the subcap- 
sular area of the thymus can give rise tọ progeny in both the cortex 
and the medulla®. However, it is not clear whether all medullary 
thymocytes are necessarily derived from cortical cells^?. In par- 
ticular, it has been difficult to distinguish intrathymic progenitor 
cells. Recently, however, Lesley et al.” have defined a thymocyte 
subpopulation which can be isolated by treatment of the thymus 
with cytotoxic anti-Thy-1 antibodies and that seéms to be enriched 
for thymocyte progenitors as measured first by its ability to repopu- 
late transiently the thymus of an irradiated host, and second, by 
its high content of cells bearing Pgp-1 (refs 10, 11), a cell-surface 
glycoprotéin of relative molecular mass 95,000 that is present on 
most or all prothymocytes of the bone marrow and on fetal 
thymocytes”? , but on only a few рег cent of cells in the adult 
thymus!? . We show here that the gene encoding the 8-chain of the 
T-cell receptor for. antigen, which is rearranged during T-cell 
ontogeny'?-'5, is predominantly in the germline configuration in 
these cells. | 

In the initial series of experiments, mouse thymocytes were 
treated in the presence of complement with a mouse anti-Thy-1.2 
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mus DNA were mixed in the proportions indicated A total of 
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Fig. 1 a, Southern blots of Thy-1-killed thymus compared with ар укыу ta? Ft go AP a 
bone marrow (BM) and total thymus. All lanes contained 10 pg | 
digested DNA except the second BM sample which was 20 pg. b, Fy a ae DCUM un lei 2 Okb 
Reconstruction experiment 1n which bone marrow DNA and thy- 9 Okb—>; «ipu „= | 


10 ug DNA was applied to each slot c, Comparison of the Southern 
blots obtained with total thymus and Thy-1-killed thymus from 
which RB6-8C5-positive cells had been removed by fluorescence- 
activated cell sorting Approximately 2 pg DNA from the Thy-1- 
killed and sorted population and 10 рв DNA from total thymus 
were loaded. d, Map of mouse germline T-cell receptor Cg-chain 
genes and their associated J, segments indicating the origin of the 
HindIII restriction fragments observed in a-e The map is derived 
from data presented in ref. 17. 

Methods. Thymocytes from 50-80 C57BL/6 mice were treated with 
the mouse monoclonal anti-Thy-1.2 antibody HO 13.4.9"? and 
complement as described in ref 9. Briefly, 8-13 x 10? thymocytes 
were washed, treated with Tris-buffered ammonium chloride, and 
samples of 1x10? cells were spun down Each cell pellet was 
resuspended іп a total volume of 10 ті of HEPES-buffered 
Dulbecco's modified Eagle's medium with 296 newborn calf serum 
and containing tissue culture supernatant of HO 13 4.9 antibody 
(1:4 final dilution) and rabbit complement (1:20 final dilution). 
After 1ncubation at 37*C for 45 min, the cells were overlayed on 
15 ml of Ficoll-Hypaque (Pharmacia) and centrifuged at room 
temperature for 25 min at 1,700g The interface layer was recovered 
and washed. In some experiments, in which significant numbers 
of dead cells remained, the Ficoll-Hypaque treatment was 
repeated After killing and Ficoll-Hypaque treatment, 0.2-0 496 
of the input cells were recovered A portion of the recovered cells 
was taken for flow cytometry (see Fig. 2 legend). High relative 
molecular mass DNA was prepared from the remaining cells by 
standard procedures and digested completely with either BamHI 
or Hindili’ The digested DNA was fractionated on a 0.7% 
agarose gel and transferred to nitrocellulose filters. Filters were 
hybridized at 42 °C overnight with the ??P-labelled EcoRI fragment 
of the 86T5 murine B-chain plasmid (0.25 ug; 2х10% c p.m рег 
wg) in 40% v/v formamide, 4 XS S.C , 10% w/v dextran sulphate, 
0.8 x Denhart's solution, 500 yg ті! salmon sperm DNA in 7 mM 
Tris-HCl pH 7.6. Filters were washed twice for 30 min at room 
temperature, with 2xSSC/0.1% SDS and then washes were 
repeated with 01 SSC/0.1% SDS at 55°C. Autoradiography was 

for 2-5 days 


monoclonal antibody (see Fig. 1 legend). After incubation, dead 
cells were removed by centrifugation over Ficoll-Hypaque and 
a portion of the viable cells was used to prepare high relative 
molecular mass DNA. The remaining cells were then stained 
with rat monoclonal antibodies against cell-surface antigens and 
analysed by flow cytometry using as a second-stage reagent a 
fluoresceinated goat anti-rat IgG which does not crossreact with 
mouse IgG. This made it possible to determine the cell-surface 
phenotype of the cell population in the presence of the mouse 
anti-Thy-1 antibody used for cytotoxic ablation. Concomitantly, 
by hybridizing DNA from these cells by the method of 
Southern!$ with a ??P-labelled mouse T-cell receptor B-chain 
probe, it was possible to determine whether the T-cell receptor 
B-chain gene had undergone rearrangement in these cells. Figure 
1а shows a typical experiment in which DNA from bone mar- 
row, unfractionated thymus, and thymocytes surviving treatment 
with the cytotoxic anti-Thy-1 antibody had been digested with 
either HindIII or BamHI restriction enzymes. In both cases, 
two bands hybridized to the B-chain probe, 86T5, which is an 
EcoRI cDNA fragment spanning the V-J (variable-joining) 
and C (constant) regions of the gene!'*. Comparison of the 
pattern obtained with tota] thymus and bone marrow shows the 
clear-cut distinction between the non-rearranged and rearranged 
genes. Whereas the higher relative molecular mass band 
obtained with both restriction enzymes is sharp when bone 
marrow DNA is probed, the total thymus gives a heterogeneous 
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smear of bands. Most strikingly, the autoradiograph also clearly 
shows that the T-cell receptor B-chain gene in the 0.5% of 
thymocytes surviving treatment with anti-Thy-1 antibody and 
complement is predominantly non-rearranged. From recon- 
struction experiments using bone marrow and total thymus DNA 
in different proportions (Fig. 15), it can be estimated that >80% 
of the T-cell B-chain genes in this thymocyte subpopulation are 
non-rearranged. The pattern of bands obtained from the HindIII 
digests are particularly informative. Previous work has shown 
that the 9-kilobase (kb? fragment extends upstream of the Jg1 
segment to the 3’-end of the C51 gene (Fig. 1d and refs 17-19). 
Thus, this restriction fragment is variably reduced in size during 
diversity-joining rearrangements in the T-cell receptor 81-chain 
cluster. In contrast, the 3-kb fragment is derived from the C 
region of the 82-chain gene and is unaffected by rearrangements 
within the 82-chain gene cluster. Consequently, deletions in 
the 9-kb fragment serve as an indicator of all rearranged B1- 
chain genes, whereas the 3-kb fragment derived from the C52 
region serves as an internal control. 

The antigenic phenotype of the thymus subpopulation was 
determined with two objectives in mind: first, to determine 
whether the phenotype of these cells differed from that of the 
bulk population of thymocytes, and second, to estimate the 
extent to which the cells surviving treatment with anti-Thy-1 
antibody may be derived either from non-lymphoid thymic tissue 
or from mature haematopoietic cells derived from either blood 
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Fig. 2 Surface antigens of the anti-Thy-1-killed thymocyte popu- 
lation analysed by flow cytometry. Specific fluorescence (solid 
curves) is expressed relative to the peak of the background popula- 
tion in which normal tissue culture medium was substituted for 
monoclonal antibody containing tissue culture supernatant (dotted 
curves). a, Relative to untreated thymus, Thy-1-killed thymocyte 
populations show heterogeneous staining for Thy-1 with a sub- 
population at or near background levels. Thy-1-killed thymocytes 
are enriched in highly fluorescent Pgp-1* cells and are essentially 
all T200*. b, Most cells in Thy-1-killed populations do not stain 
with antibodies recognizing mature granulocytes (RB6-8C5), 
macrophages and monocytes (Mac-1), or B cells (B220) Ordinate: 
cell number 

Methods. Aliquots of 110° untreated thymocytes and 2-5 x 10? 
thymocytes recovered after cytotoxic treatment with the mouse 
monoclonal anti-Thy 1.2 antibody, HO 13.4.9, and centrifugation 
on Ficoll-Hypaque as described in Fig. 1 legend (‘Thy-1-killed 
thymocytes’) were stained with tissue culture supernatants of the 
rat anti-mouse hybridomas C22/22.7.1.1 (ref. 27) (anti-Thy-1), 
IM7.8.1 (ref. 10) (anti-Pgp-1), 13/2.37° (anti-T200), RB6-8C5, 
which recognizes mature granulocytes (R. Coffman et al, in prepar- 
ation), М1/70.1522 (anti-Mac-1), and RA3-3A1”! (anti-B220), fol- 
lowed by staining with a fluorescein-labelled goat anti-rat immuno- 
globulin which had been absorbed to remove antibodies reacting 
with mouse immunoglobulin (Hyclone). Flow cytometry was 
carried out on the Salk Institute flow microfluorimeter. Data were 
stored as list mode data files which were gated to remove dead 
cells stained with propidium iodide as detected in the red channel. 
Fluorescein fluorescence in the green channel was log-compressed 
with a three-decade logarithmic amplifier before analog to digital 

conversion as previously described^?. 





1 | 10 100 
Relative fluorescence 

Fig. 3 Thy-1 population sorted for RB6-8C5-negative cells. a, 
Sorted (solid curve) and not sorted (dotted curve) Thy-1-killed 
thymocytes stained for RB6-8C5. The sorted population is depleted 
in cells staining with the RB6-8C5 antibody b, Sorted cells stained 
with RB6-8CS5 (solid curve) compared with the background stain- 
ing of the Thy-1-killed population which was not sorted (dotted 

curve). Specific staining approaches background levels. 
Methods. Thymocytes were treated as described in the legend to 
Fig. 1. Thy-1-killed cells (1.4 x 107) from the same experiment as 
that illustrated in Fig. 2 were stained with RB6-8C5 antibody and 
fluorescent goat anti-mouse immunoglobulin. These stained cells 
were sorted on the Salk Institute BCS-176 cell sorter with the 
instrument optimized for the rapid selection of RB6-8C5-negative 
cells using anti-coincidence logic in the green fluorescence channel. 
The cells were sorted at a rate of 2,500 cells s~', deflecting three 
drops per event. The cells recovered from the sort were restained 
with various monoclonal antibodies and fluorescent goat anti-rat 

immunoglobulin as described in Fig. 2 legend. 


or parathymic lymph nodes that may be present in the thymocyte 
preparations. The antigenic profile which has been consistently 
seen in four such replicate experiments is shown in Fig. 2. The 
data show that essentially all the cells express T200 gly- 
coprotein?? on their cell surface, suggesting that there are few, 
ifany, non-lymphoid cells in the subpopulation of cells surviving 
treatment with anti-Thy-1 antibody. Moreover, the surviving cell 
population is enriched for Ррр-1* cells, consistent with the 
hypothesis that Pgp-1 glycoprotein is expressed on thymocyte 
progenitor cells. Most cells express Thy-1 but at levels much 
lower than the bulk thymocyte population and further analysis 
of these data indicates that a small subpopulation of cells 
expresses little or no Thy-1. With regard to the possible contribu- 
tion of cells from either blood or parathymic lymph nodes, in 
this particular experiment ~5% of cells stained with a mono- 
clonal antibody against B220, which is thought to be specific 
for B cells?'; 7% stained with a monoclonal antibody against 
Mac-1, which is considered specific for myeloid cells?; and 
1396 stained with monoclonal antibody RB6-8C5, which is 
known to stain mature granulocytes (R. Coffman, J. Carty, L. 
Gemmell, J. Lesley, I. Weissman and D. Rennick, in prepar- 
ation). On the basis of these results, it can be estimated that in 
this experiment the maximum contribution of non-T cells in the 
subpopulation of the thymus surviving treatment with anti-Thy-1 
antibody is 25%. This is a maximum estimate since it is not 
known whether the RB6-8C5 monoclonal antibody reacts with 
thymocyte progenitor cells. It should also be noted that any 
contaminating mature T cells from blood or lymph nodes would 
yield DNA in which the T-cell receptor genes are rearranged. 

These results make it unlikely that most of the non-rearranged 
T-cell receptor B-chain genes found in the subpopulation of 
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cells surviving treatment with anti-Thy-1 antibody were derived 
from.cells other than thymocytes. However, to address this 
question more rigorously, an additional set of experiments were 
carried out. Thymocytes were first treated with anti- Thy-1 anti- 
: body and complement and then the viable cells remaining were 
isolated and stained with. monoclonal antibody RB6-8C5. The 
. cells were then fractionated by fluorescent cell sorting to remove 
cells. staining with monoclonal antibody RB6-8C5. As shown in 
Fig. 3, this procedure reduced the number of cells staining with 
this antibody approximately 10-fold. The Thy-1 and Pgp-1 pro- 
files. of the sorted and nonsorted populations were essentially 
identical. When DNA from the sorted cells was digested with 
Hindili and blotted, it was clear that most cells had unre- 
arranged B-chain genes although the limited amount of DNA 
available for analysis precluded precise quantitation (Fig. 1c). 

In conclusion, we have shown that the subpopulation of 
thymocytes surviving treatment with anti-Thy-1 antibody and 
complement consists largely of cells in which the gene for the 
B1-chain of the T-cell receptor has not yet undergone rearrange- 
ment; This direct evidence that in the mouse the rearrangement 
of the B-chain gene is an intrathymic event is consistent with 
previous data from studies in man*>**, The cell-surface 
phenotype of these surviving cells indicates that the great major- 
ity of them are bona fide thymocytes that express Pgp-1 gly- 
coprotein. We believe that the previous data showing that thy- 
mocyte subpopulations enriched in Pgp-1* cells can transiently 
repopulate the thymus and that Pgp-1* cells are found in abund- 
ance in early fetal thymus, together with the observations in the 
present paper, indicate that, although this population is still 
heterogeneous, thymocyte progenitor cells are enriched in this 
subpopulation of thymocytes. It is interesting that recently a 
thymic subpopulation representing 2-4% of unfractionated cells 
© has been isolated in which the the 8-chain genes have undergone 
rearrangement but the a-chain genes have not (M. Davis et al., 
personal communication). Although other explanations are 
possible, these cells may represent the next stage of development 
of the progenitor cells identified in the present studies. 
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Interleukin-2 (IL-2) is a T-cell-derived polypeptide hormone of | 
133 amino acids which exerts its growth-promoting activity via a 
surface receptor'. Originally, IL-2 was believed to be a unique 
growth factor for activated T cells? ; more recent studies, however, 
have demonstrated that certain B-cell tumours? as well as normal 
activated B lymphocytes"? express a surface molecule which is 
recognized by monoclonal antibodies directed against the IL-2 
receptor. Furthermore, we’ and others® have shown recently that 
activated B cells proliferate in response to either immunoaffinity- 
purified? or recombinant? IL-2. These controversial findings 
prompted us to undertake a detailed quantitative comparison of - 
IL-2 receptor expression on activated B and T cells. We show here, 
using biosynthetically labelled IL-2 CH-IL-2) and anti-IL-2 recep- ` 
tor antibody (CH-PC61) that activated B and T cells express both 
high-affinity (apparent dissociation constant, К, ~ 20 pM) and 
low-affinity (Ka~ 1,000 pM) IL-2 receptors. Binding of IL-2 to 
both classes of receptor is inhibited by the monoclonal anti-IL-2 
receptor antibody PC61. B blasts express half as many total IL-2 
binding sites or PC61 binding sites as T blasts, and the ratio of 
the number of low- to high-affinity receptors for each cell type is 
~ 10:1. Immunoprecipitation analysis of surface-labelled blasts 
indicates that B and T cells have IL-2 receptors of similar relative 
molecular mass. Taken together, these data suggest strongly that 
IL-2 can act as a growth hormone for both B and T lymphocytes. 
To quantitate and compare the number of IL-2 receptors 
expressed on activated B and T cells, we used *H-IL-2 in equili- 
brium binding assays’. Previous studies have shown that murine. 
B cells activated with lipopolysaccharide (LPS) alone do not. 
respond to’, nor do they express detectable receptors for, IL-2”; 
however, B cells activated with LPS and anti-immunoglobulin. 
antibodies (anti-Ig)’ bind *H-IL-2 in.a specific manner (Fig. 1A). 
Scatchard plot analysis of the specific binding data (using the: 
Scatfit computer program) demonstrates that the activated В. 
cells, like T cells, express two classes of IL-2 receptor. Figure. 
1B shows that the B blasts express 2,000 high-affinity IL-2 
receptors (K4- 22 pM) and ~10 times as many receptors оѓ. 
relatively lower affinity (K, = 1,330 pM). Although the numbers 
of both classes of receptors expressed by concanavalin A. 
(Con A)-activated T cells are about twice those on LPS/anti-Ig-: 
activated B cells, the Kg values are very similar (17 and 1,270 pM: 
for high- and low-affinity receptors, respectively). Binding of 
?H-IL-2 to low-affinity receptors is saturable at an IL-2 con- 
centration of 3-5nM (not shown); furthermore, it can be: 
inhibited either with unlabelled IL-2 or with monoclonal anti 
body PC61 (ref. 10; Fig. 1A) but not with monoclonal antibodies 
to other cell-surface antigens (not shown). Although previous 
studies? reported that activated T cells express a single class of 
high-affinity receptors (Ка = 5-20 pM), a more recent report by: 
Robb et al! demonstrated that a second class of receptors of 
lower affinity is also detectable on murine and human T cells: 
when much higher concentrations of IL-2 than those previously 
tested are used. Our results with various cell types (Table 1) 
including human phytohaemagglutinin (PHA)-induced blasts 
(not shown) show a 50-100-fold difference in Ky between the 
two classes of IL-2 receptor and an 8-14-fold excess of low-: 
over high-affinity receptors, which is in close quantitative agrée- 
ment with studies involving other hormone systems such as 


epidermal growth factor'^? and insulin!^^. Furthermore, both: 
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Fig. 1° Comparison between equilibrium binding of IL-2 and - 
PCSI on B (@) and T(A) blasts. In the presence of either excess a Y-biasts A 
unlabelled IL-2 or PC61 antibody, the binding of ?H-IL-2 was ER MA NEED is 
reduced by 90-95% at all IL-2 concentrations tested (A, open 
symbols). The binding of ?H-PC61 was inhibited by excess unlabel- 
led PC61 (С, open symbols) but not by unlabelled IL-2 (not shown). 
Specific equilibrium binding (solid symbols) of IL-2 and PC61 is 
shown in A and C, respectively, after subtraction of nonspecific 
binding (open symbols). Scatchard plot analyses of these data were 
performed using a weighted least-squares curve-fitting computer 
program? (B and D). For IL-2 binding (B), the computer chose 
a two-binding-site model over a one-site model as the best fit to 
the experimental data. Broken lines (T blasts) and solid lines (B 
blasts) represent the computer-generated high- and low-affinity 
binding components. Similar results were obtained in three 
independent experiments. 
Methods. B blasts were prepared as described elsewhere’ by cultur- 
ing purified C57BL/6 splenic B cells in the presence of LPS, anti-lg 
beads and 10% EL4 supernatant (SN). T blasts were prepared by 
culturing spleen cells from the same mouse strain at a concentration 
of 2 x 105 ml”! in the presence of 1.5 pg ті! Con A and 10% ELA 
SN. Both cell types were collected after 4 days, centrifuged on a 
Ficoll/ Hypaque gradient and washed extensively. The preparation 
of affinity-purified "H-IL-2 and the IL-2 binding assay have been 
described іп detail^*. In the experiments described here, all incuba- 
tions were carried out at 4°C in the presence of azide. For PC61 
binding, aliquots of 10° cells were incubated for 20 min (equili- 
brium binding occurs within 15 min) in the presence of various 
amounts of protein A-Sepharose-purified 7H-PC61 (ref. 10) in a 
volume of 200 wl. Before the antibody binding assay, cells were 
pre-incubated in the presence of 10% normal rat serum in order 
to block nonspecific binding of PC61 via Fc receptors. Free and 
cell-bound PC61 were measured by liquid scintillation counting 
after centrifugation through a paraffin-silicon oil gradient”. The number of bound IL-2 and PC61 molecules per cell was calculated given the 
specific activities of 2,500 c.p.m. пр”! and 210 c.p.m. ng™', respectively. The M, of IL-2 and PC61, as judged by SDS-PAGE, is 15K and 
170K, respectively. 
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Fig.2 A, Most activated B and T cells express A r^ 
the PC61 antigen. Solid lines represent the 
fluorescence profile of the PC61 antigen distri- 
bution (B blasts on gain 16; B6.1, gain 4); 
broken lines show the level of nonspecific stain- 
ing after incubation in the presence of excess 
unlabelled PC61; shaded areas show back- 
ground staining with avidin-fluorescein iso- 
thiocyanate (FITC) alone. In B-blast prepara- 
tions, Thy-1-positive cells were not detected 
above background fluorescence. In addition, 
we have shown previously’ by immuno- 
peroxidase staining that cultures of B blasts 
contain >97% immunoglobulin-positive cells 
and <0.3% Thy-l-positive cells. The mean 
fluorescence intensity of B6.1 cells was about 
five times higher than for B blasts when nor- 
malized to the same gain, which is consistent 
with the data shown in. Table 1. B, PC61 
immunoprecipitates membrane components of 
. similar M, from different types of IL-2-respon- 
sive cells. Electrophoretic patterns (lanes a-d, Relative fluorescence intensity 
—non-reduced; e-h, reduced conditions) were 
obtained after immunoprecipitation with PC61 of lysates obtained from various types of IL-2-dependent cells: B1.8 (a, е), Con A blasts (b, 
J), B blasts (с, g) and BD2.10 (d, А). Lane р was exposed for 7 days, and all other lanes for 4 days. 
Methods. A, B blásts were prepared as described іп Fig. 1 legend, centrifuged оп a Ficoll/ Hypaque gradient, washed and pre-incubated in 
10% normal rat serum. 5 x 10^ B blasts or B6.1 cells were then incubated (20 min at 4°C) in 100 А] of phosphate-buffered saline (PBS) 
containing 2 4g of biotinylated PC61 antibody in the presence or absence of 100 ug unlabelled PC61. The cells were washed, incubated for 
20 min with avidin-FITC and analysed on a fluorescence-activated cell sorter (FACS II; Becton and Dickinson) gated to exclude non-viable 
;eelis?. B, Cells (1-2 x 107) were surface-labelled with “I by the glucose oxidase-lactoperoxidase method of Hubbard and Cohn” as modified 
by Luescher et al**. The labelled cells were lysed in 0.5 ml of cold 1% recondensed Triton X-114 in S0 nM Tris-HCI (pH 7.7) containing 
0.3 M NaCl and 5 mM EDTA. The aqueous and detergent phases were separated according to Bordier”: Triton-insoluble material was removed 
by centrifugation of the lysates for 3 min at 4°C. The lysates were heated to 30°C for 1 min, then spun in an Eppendorf centrifuge at room 
| temperature for 1 min. The aqueous phase was removed, the detergent phase re-dissolved in 0.5 ml of cold buffer and the separation repeated. 
‘The lysates were pre-cleared for immunoprecipitation by sequential addition of 5 pl] normal rat serum, 20 ul rabbit anti-rat immunoglobulin 
and 12.5 ul protein-A-Sepharose 4B (twice), each step followed by incubation for 20 min on a rotating mixer. The pre-cleared lysates were 
then incubated for 60 min with purified PC61 antibody coupled to Sepharose 4B, followed by extensive washing of the lysates with two buffers: 
270) 10 mM phosphate buffer (pH 8.2) containing 0.05% SDS, 0.05% deoxycholate, 0.5% Nonidet P-40 (NP40) and 10 mM EDTA; and (2) 
1.12 M Tris-HCl (pH. 8.2) containing 0.5 M NaCl, 0.5% NP40 and 10 mM EDTA. The immunoprecipitates were analysed by SDS-PAGE 
с according to Laemmli” on 7.5-15% gradient gels. Samples were reduced with 0.1 M dithiothreitol and denatured by boiling in 4% SDS. After 
"electrophoresis, the gels. were autoradiographed at —70 °С on Kodak XAR film. M, standards were: myosin (205K), B-galactosidase (114K), 
hosphorylase B (97.4K), bovine serum albumin (66K), ovalbumin (45K), carbonic anhydrase (29K) and cytochrome c (12.5K). 
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Table 1. Comparison of the number of binding sites for PC61 antibody 
and IL-2 on activated B and T cells 








IL-2 binding sites РСб1 Ratio 
Cell type binding PC61/IL-2 
(no. of Total .. "Ratio sites binding 

© experiments) — (X107?) low/high K,(pM) (x10?) sites 
В blasts. (3) 1843 10 23/1,150 40 22 
T blasts (3) 37+5 12 19/1,360 73 2.0 
В1.8 (2) 29+4 8 17/1,420 48 17 
B6.1 (2) 1949 9 16/690 165 2.1 
BD210 (3) 166+14 14 25/1800 285 17 





Equilibrium binding of IL-2 and PC61 antibody was measured as 
described in Fig. 1 legend and the data processed by computer analysis. 
i: For each cell type we show the total number of IL-2 binding sites рег 
©: cell, the ratio of the number of low- to high-affinity IL-2 binding sites 


i. per cell and the K, of both classes of receptor (high/low affinity). The 


number of PC61 binding sites was also calculated by Scatchard analysis. 
The final. column shows the ratio of the number of PC61 antibody 
~~ binding sites to the total number of IL-2 binding sites per cell. The 
following IL-2-independent cell lines were foünd to be negative for 
«specific binding of both IL-2 and PC61; Jurkat, EL4, BW5174, LSTRA, 
, and mouse spleen and thymus cells. B and T blasts were prepared as 
described in Fig. 1 legend. B1.8 (ref. 20) is an antigen-dependent 
cytotoxic T lymphocyte (CTL) clone derived from a (Cremona x CD)F, 
mouse. B6.1 and BD2.10 are two antigen-independent CTL clones 
derived from C57BL/6 and (CS7BL/6 x DBA)F, mice, respectively?'. 


the K, values that we find for the high-affinity IL-2 receptors 

and the absolute number of receptors of both classes (Table 1) 

< agree closely with those of Robb et al.''; however, they report 
a 10-20-fold lower Ky (20-40 nM) for the low-affinity IL-2 
receptors. Because we have found that the dissociation rate of 
IL-2 from the low-affinity receptors is very fast (t,/5-- 45s at 
4°C in medium; our unpublished. data), we believe that this 
discrepancy in the estimates of the K, of the low-affinity recep- 
tors results from the additional washing steps in the protocol 
used in the previous study. Regardless of these technical con- 
siderations, it still remains to be established whether the low- 
affinity receptors are biologically functional or whether they are 
a recycled or degraded form of the high-affinity receptor. 

Recently, we have characterized a rat monoclonal antibody, 
PC61 (ref. 10), which specifically recognizes the murine IL-2 
receptor as shown by the fact that it (1) inhibits by 95% the 
IL-2-dependent proliferation of cloned cytolytic T cells; (2) 
binds specifically to IL-2-responsive cells; (3) inhibits by >90% 
(at either 4°C or 37°C) the binding of *H-IL-2 to both high- 
and low-affinity receptors; and (4) immunoprecipitates from 
surface-labelled activated T cells. a band of similar relative 
molecular mass ( M,) to those reported for other anti-IL-2 recep- 
tor antibodies^^'*, Figure 1c compares the equilibrium binding 
of *H-PC61 by LPS/anti-Ig-activated B. blasts and Con A-acti- 
vated T blasts; the binding is saturable and can be competed 
for by excess unlabelled PC61, and Scatchard analysis (Fig. 1d) 
reveals that both types of cell bind PC61 with equal affinity (Ka 
~] nM). At saturation, T blasts bind 73,000 molecules per cell, 
almost twice the number bound by B blasts, which is consistent 
with the IL-2 binding data. Our results are also in good agree- 
ment with the recent finding that rat and human T blasts bind, 
respectively, 75,000 and 100,000 anti-IL-2 receptor antibody 

: molecules per cell! ^5. 

To date, it has been difficult to reconcile estimates of the 
“umber of IL-2 receptors expressed per cell as measured by 
IL-2 binding, with those derived from binding of anti-receptor 

- antibody. Table 1 compares quantitative IL-2 and PC61 binding 
toa variety of IL-2-dependent cells derived from different mouse 
< strains; Even over an almost 10-fold range in total number of 
receptors per cell, the number of PC61 binding sites is about 
twice (1.7-2.2) the number of IL-2 binding sites. A similar finding 
for human cells has been published recently! ; PHA-blasts and 
:HUT-102 cells were found to have 2.0-2.6 times as many anti- 
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Fig. 3 PC61 antibody inhibits the 1L-2-dependent proliferation: 
of activated B and T cells. B blasts were prepared as described in 
Fig. 1 legend, collected on day 3, centrifuged on a Ficoll/ Hypaque 
gradient and washed. 10* cells меге cultured іп 200 ш of RPMI- 
1640 medium containing 10% fetal calf serum (FCS). Cloned 
murine IL-2-dependent T cells (СТЫ Ж) were washed three times 
and seeded at 4x10? cells рег 200 ul of Dulbecco's. modified 
Eagle's medium (DMEM). containing 5% FCS. To each well was 
added a suboptimal amount of IL-2 (giving 75% of maximum 
response in each assay) and various amounts of purified PC61 
antibody. Cell proliferation was measured at 72 h (B blasts, O) or 
24h (СТІЛ, @) after a 6-h pulse with 1 pCi of 7H-thymidine рег 
well. A typical experiment is shown here, where symbols represent 
mean values of triplicate wells (s.e.m. = 10% of mean). Maximum: 
c.p.m. in the absence of PC61 was 3.3 x 10* and 1.6 x 10* for B 
blasts and CTLLs, respectively. Thymidine incorporation, in the 
absence of added IL-2, was 500 c.p.m. for both populations. Similar 
results were obtained from 48-h cultures of CTLLs. From several 
experiments, the concentration of antibody giving 50% inhibition 
of proliferation was in the range 25-50 ng ml"! for both cell types. 


Тас!# antibody binding sites as IL-2 binding sites. The reason ` 
for this difference is not clear, but a possible explanation is that . 
two antibodies bind to a single IL-2 receptor. Alternatively, the 
difference could be explained by the binding of PC61 to 
molecules which do not bind IL-2 with a detectable affinity. 

Flow microfluorometric analysis (Fig. 2А) shows that the 
distribution of PC61 antigen on LPS/anti-Ig-activated B blasts 
is similar to that seen on ап IL-2-dependent cytolytic T-cell. 
clone. Over 95% of the cells express the PC61 antigen. Analysis. 
by SDS-polyacrylamide gel electrophoresis (PAGE) (Fig. 2B) - 
reveals that the PC61 antigen immunoprecipitated from : 
LPS/anti-Ig-activated B cells, T blasts or cloned T cells migrates 
as a broad band with an apparent M, of 50,000 70,000 (50-70K) 
(reduced form) and 45-65K (non-reduced). This major band is - 
similar to those reported by others using independently derived 
anti-IL-2 receptor antibodies ^^!*'?, In addition, three minor- 
bands of lower M, are consistently observed under reducing | 
conditions; one at ~25K and two at 14-17K. The presence of 
low-M, bands (20-25 К) has been reported previously for. 
murine T cells'®. The broad, high-M, band precipitated from В 
blasts migrates slightly faster (reduced and non-reduced) than.” 
that of T cells and the low- M, bands are less pronounced (Fig. 
2B, lane g). We have aiso observed bands of similar M, follow- 
ing precipitation with the 7D4 anti-IL-2 receptor antibody‘ © 
(provided by Dr T. R. Malek). The heterogeneity in immuno- 
precipitation patterns observed between the different cell 
types studied (also reported for a variety of human T cells!?), 
necessitates further biochemical analysis, such as peptide map- ` 
ping, before the fine structure of the IL-2 receptors expressed. 
by activated B and T cells can be compared. 2 

Figure 3 shows that PC61 inhibits the IL-2-dependent prolifer-- 
ation of activated B and T cells at antibody concentrations very 
similar to those which inhibit the binding of IL-2 to its receptor 
(unpublished results). | 








Thus, by several independent criteria, the IL-2 receptors 
expressed by LPS/anti-Ig-activated B cells and activated T cells 
are similar. Quantitative 7H-IL-2 binding reveals that B blasts, 
like a variety of independently derived activated T cells, express 
~ two classes of IL-2 binding sites; one has a high affinity for IL-2 
and the other a 50- 100-fold lower affinity. Binding to both classes 
can be inhibited by the same monoclonal antibody. The ratio 
of the number of low- to high-affinity sites per cell for B blasts 
(10) is within the range found for activated T cells (8-14). In 
addition, studies using antibody PC61 show that: (1) >95% of 
activated B and T cells express IL-2 receptors; (2) IL-2-depen- 

dent proliferation of both cell types is inhibited at similar anti- 
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body concentrations; and (3) bands of similar M, are 
immunoprecipitated from activated T and B cells. On the basis 
of these results, we propose that IL-2 promotes the growth of 
appropriately stimulated B and T cells via a common 
mechanism. 
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Interferons are a family of proteins first identified by their ability 
to. induce cellular resistance to infection by many viruses. In 
addition to the antiviral properties it shares with the a- and 
fi-interferons, y-interferon (IFN-y), a lymphokine secreted by 
activated T cells, activates macrophages, stimulates B cells, 
ncreases fibroblast and endothelial cell resistance to many non- 
| viral intracellular parasites and modulates cell-surface proteins 
entral to immune cell regulation". To identify molecules in- 
olved in the IFN-y response and characterize their modulation, 
we have isolated genes that are induced following recombinant 
IFN-y treatment of U937 cells, a histiocytic lymphoma cell line 
|. With monocytic characteristics'^'5, We report here the molecular 
cloning and characterization of a gene regulated by rIFN-y in 
- U937 cells as well as in human mononuclear cells, fibroblasts and 
endothelial cells. Messenger RNA from this gene is induced within 
30 min of rIFN-y treatment and demonstrates maximal (> 30-fold) 
accumulation within 5 h. Increased transcription is partly respon- 
sible for this accumulation. This gene encodes a protein of relative 
molecular mass (M,) 12,378 which has significant amino-acid 
homology to platelet factor-4 and B-thromboglobulin, two chemo- 
tatic proteins released by platelets on degranulation. This IFN- y- 
inducible protein may be a member of a family of proteins involved 
in the inflammatory process. 
А complementary DNA library was constructed from 
poly(A)” RNA isolated from. U937 cells treated with recom- 
binant y-interferon (18 h induction, 100 U ті!) and cloned into 
‘the Pst] site of pBR322 (refs 16, 17). Approximately 10,000 
“recombinants were screened for rlF N-y-inducible sequences by 
differential colony hybridization using cDNAs prepared from 
-EEEN- y- induced and control poly(A)* RNAs. One cDNA clone, 





plFN y-31, showed a dramatic induction by Northern blot analy- 
sis and was chosen for further characterization. 

rlFN-y induces the accumulation of pIFNy-31 mRNA in a 
dose-dependent manner. Figure 1a shows the accumulation of 
pIFNy-31 mRNA in U937 cells in response to an 18-h incu- 
bation with various concentrations of rIFN-y and rIFN-B. A 


detectable increase in pIFN 3-31 mRNA levels was seen at | di 


10 Umi"! rIFN-»y, with maximal accumulation ас 1000 ті"! 


rIFN- y. pIFN y-31 mRNA seems to be preferentially modulated ` s 


by rIFN- y; 100 times more antiviral units of rIFN-8 than rIEN- y 


were needed to produce a comparable effect (Fig. 1a, compare | E 


10 U ml"! rIFN-y and 1,000 U тї! rIFN-B). Even at very high 
doses of rIFN-8 (5,000 U mI), the accumulation of pIFN-y-31 
mRNA was only 40% of the maximal accumulation seen with 
100 U т! rIFN-»y. The submaximal stimulation of pIFN y-31 
mRNA by rIFN-8 may result from cross-reactivity of this 
molecule with the IFN-y receptor at very high IFN-8 levels!*. 

Figure 1b shows the kinetics of pIFN y-31 mRNA accumula- 
tion at optimal rIFN-y concentration (100 U ml, see Fig. 1a). 
mRNA levels doubled within 30 min of induction and reached 
a maximal 34-fold increase within 5h. By 18h, half-maximal 
levels were observed, decreasing to a two-fold level by 34 h. In 
addition, 50 pg ml! of cycloheximide, which inhibited protein 
synthesis by >97%, did not inhibit the accumulation of pIFN-y- 
31 mRNA (data not shown). The rapidity with which pIFN y-31 
mRNA accumulates after rIFN- y induction and its insensitivity 
to protein synthesis inhibitors suggest that this is a primary 
response gene in IFN-y induction". 

To determine whether IFN- y affects transcription, the nuclear 
run-on transcription assay on isolated. nuclei was used to 
measure the level of transcription of pIFN y-31 mRNA in resting 
and rIFN- y-treated cells. Figure 1c demonstrates that rlFN-y 
increases the rate of transcription of pIFNy-31 mRNA, thus 
establishing a role for y-interferon in transcriptional activation. 
Recent studies ^?! have demonstrated that the a/ B-interferons 
can affect the transcription of several genes within minutes after 
the binding of interferon to its receptor. The analysis of an 
IFN-a-responsive gene from neuroblastoma cells suggests that 
IFN-a is also regulating post-transcriptional events”’. 

To elucidate the function of pIFN-y-31, we determined the 
inducibility of this mRNA in different human cells. Figure 2 
Shows a panel of paired RNAs using various human cell lines, 
human peripheral blood mononuclear cells (PBM) and normal 
human spleen. To date, we have observed no primary cells which 
express this gene in the absence of rIFN- y induction, in contrast” 
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to DR-a and HLA-B7, two molecules shown to be induced by 31 mRNA after incubation with rIFN-y (100 U тїї, 12 h); but 

ТЕМ-у, which are constitutively expressed in many cells. pIFN y- not rIFN-B (100 U ml *, 12 h) (data not shown). Figure. О 
(034 mRNA was preferentially induced in a primary human fore- demonstrates that pIFN y-31 mRNA is induced in PBM and 
cin fibroblast after an 18-h incubation with 100 U mi~! rIFN-y. 0937 cells within 5 h of treatment with 100 U ml”! rIEN-y, ag: 
in contrast to the regulation of DR-a and HLA-B? mRNAs in 
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Fig..1 | Dose response, kinetics and transcription of pIFNy-31 mRNA | 
„іа response to ТЕМ. a, Dose response of pIFN y-31 mRNA accumula- 
“thon in response to interferons; b, kinetics of accumulation; c, nuclear . 
.fun-on transcriptional analysis. a, Top, autoradiogram of RNA blot € Без. 
^. analysis of the accumulation of pIFN y-31 mRNA їп 0937 cells in Control ylFN C Y 
"response to 18-h incubations with. various concentrations of rIFN-y pIFNy-31.7— pM s i e | 6.3 


and rIFN-8. Bottom, quantitation of the RNA blot shown in the top = ee ae 
panel by densitometer scanning (fold induction = densitometer units HLA-B7- 8 Ww 2.3 2.8 
induced/densitometer units uninduced). b, Top, autoradiogram of the Кта 4E 5 5 C 
time course of pIFNy-31 mRNA accumulation in U937 cells in Сон. е от. 4 259 
response to 100 U ті! rIEN- y, with quantitation shown in the bottom pBR322—- 
panel. 28S and 18S ribosomal RNA size markers are indicated in both 
upper panels. c, Plasmids containing the indicated genes were bound 
to nitrocellulose filters and hybridized with ??P-labelled run-on tran- 
scripts from nuclei isolated at 3.5 h after addition of 100 U mI! ПЕМ-у 
to U937 cells. To quantify the transcriptional induction, the hybridizing ; : А 
signals were excised and counted by liquid scintillation: The relative rates of transcription are expressed as parts per million (p.p.m.). p.p.m. = (c.p.m: 
sample ~ c.p.m. control)/total input с.р.т: С, Control (uninduced); y, rf FN-y induced. IOS У 
Methods. a, b, The human histiocytic lymphoma. cell line U937'* was grown in RPMI-1640 supplemented with 10% fetal bovine serum: The 
recombinant interferons produced in Escherichia coli were generously provided by Hoffmann-La Roche. All the interferons were standardized by 
Hoffmann-La Roche using a cytopathic effect inhibition assay with vesicular stomatitis virus in WISH (HeLa) cells; activity was expressed in 
international antiviral units (U) per ml. The rIFN- y lot used had a specific activity of 6.3 x 10* U mg”! and the rIFN-B was clinical-grade material 
. with a specific activity of 8x10’ U mg `". The cells were induced with the interferons for this and all subsequent experiments at 2-5 х 10° cells 
ml^'. RNA was isolated by the guanidine thiocyanate method? and 10 wg per line was fractionated on a 1% agarose/2.2 M formaldehyde gel 
and transferred to nitrocellulose as described elsewhere". The filters were hybridized with **P-nick-translated pIEN y-31.0 cDNA. insert at 
specific activity of 2-5 x 105 c.p.m. per ug, washed in stringent conditions (0.1 x SSC, 0.1% SDS, 52 °С), then subjected to autoradiography with 
Kodak XAR film using a Dupont Cronex intensifying screen at —70 °С for 2.5 h. с, RNA chain elongation in isolated nuclei was performed as 
г described. elsewhere", except that unincorporated nucleotide was removed by gel filtration of the purified nuclear RNA^'. 10° nuclei were 
esuspended in 200 41 of incubation buffer containing 5 mM dithiothreitol, 5mM MgCl, 90 mM KCl, 50% glycerol, 20mM HEPES pH 7.6, 
mM GTP, I. mM СТР, 3mM АТР, 250 „Сї of °*P-UTP, and incubated for 10 min at 37 °С. RNA purification was performed as described 
reviously" : DNase I digestion was followed by deproteination with phenol, chloroform/isoamyl alcohol extractions, and concentration by 
* ethanol precipitation. Approximately 2 wg of recombinant plasmid were linearized with BamHI, boiled for 10 min, base denatured, neutralized 
-and applied to 0.45-u.m nitrocellulose filters” using a Minifold dot apparatus (Schleicher & Schuell). 6.9 x 10° c.p.m. ml”! and 5.6 x 105 c.p.m. 
ml”! of trichloroacetic acid-precipitable counts were used in rIFN- y-induced and control hybridization reactions, respectively. Hybridization, 
RNase A and T, digestion, and washing of filters were performed as described previously). The X-ray film was exposed at —70 °С with an 
intensifying screen for 4 days. The HLA-B7 cDNA plasmid was generously provided by S. Weissman?. 
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Fig. 2 Cell distribution and IFN-y depen- 
dence of pIFN y-31 mRNA accumulation. RNA 
blots were performed on the RNAs extracted 
from the indicated cells induced with rIFN-y 
(y) or induced with rIFN-B (8), or which 
received no treatment (—). Filters were hybrid- 
ized with the probe indicated below the blots. 
Methods. RNA transfers contained U937, PBM, 
MOLT-4 and normal human spleen RNA. RNA 
(10 pg per lane) was fractionated; the 18S and 
28S ribosomal RNAs aré indicated on the far 
right. In the blot probed with HLA-B7 and 
L-ferritin, the HLA-B7 mRNA is the larger of 
the two transcripts. The far-left blot contains 
fibroblast, HL60 and IM9 RNA. In this blot, 
2g of poly(A)* RNA was fractionated per 
lane; the 18S and 28S rRNA for this filter are 
indicated on the far left. U937 cells, PBM and 
MOLT-4 cells were induced with 100 U mI! 
rIFN-y for 5 h. The fibroblasts and HL-60 cells 
were induced with 100 U ті! of both rIFN-8 
and rlFN-y for 18 h. RNA isolation, RNA blot 
analysis and interferon induction were per- 
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formed as indicated in Fig. 1 legend, except that the fibroblasts were confluent monolayers. The primary human foreskin fibroblast FS4 was 
obtained from S. Gupta and grown in minimum essential medium supplemented with 10% fetal calf serum (FCS). The cell lines HL60, IM9 
and MOLT-4 were grown in RPMI-1640 supplemented with 10% FCS. Normal human peripheral blood was fractionated on a Ficoll- Hypaque 
gradient and the PBM were cultured in RPMI-1640-- 10% FCS. Normal human spleen was obtained from an incidental splenectomy and 
RNA was isolated by the guanidine thiocyanate method?*. The HLA-DR a-chain cDNA plasmid was generously provided by J. Lée^* and 


the human L-ferritin cDNA plasmid by M. Н. Dorner”. 













PBM апа U937 cells where, 5h after rIFN-y stimulation, no 
significant modulation in mRNA levels was detected. When cells 
from the human T-cell leukaemia cell line MOLT-4 were incu- 
bated for 18 h with 100 U ml! rIFN-y, an increased accumula- 
боп of HLA-B7 mRNA was observed, but no expression of 
either DR-a mRNA or pIFN y-31 mRNA. HL-60 cells, a pro- 
myelocytic leukaemia cell line, showed no induction of pIFNy- 
31 mRNA after an 18-h incubation with 100 U ті"! rIFN-»y. 
“Induction of pIFN y-31 mRNA by rIFN-y in mononuclear cells, 
fibroblasts and endothelial cells indicates that this gene is 
nduced in a diverse population of cells in response to IFN- y. 


The DNA sequence of pIFN y-31 was obtained from two 
overlapping cDNA clones (Fig. 3a). Each base was sequenced 
from both strands using the dideoxy method of Sanger and 
Coulson? and the chemical cleavage method of Maxam and 
Gilbert”. The longest open reading frame begins at nucleotide 
70, extending for 294 nucleotides before terminating at nucleo- 
tides 364-366 with TAA. pIFN y-31 mRNA contains the classical 
polyadenylation signal AAUAAA, 12 bases from the. start of © 
the poly(A) tail (underlined in Fig. 3a). There is a long 811-base 
3'-untranslated region, а 294-nucleotide coding region and a . 
~220-nucleotide 5'-untranslated region. 


Fig. 3 P omary structural analysis of (d CGGGAGACATTCCTCAATTGCTTAGACATATTCTGAGCCTACAGCAGAGGAACCTCCAGTCTCAGCACC 69 
pIFNy-31 CDNA clones. a, Determined 1 Met Asn Gin Thr Ala Ile Leu Ile Cys Cys Leu Ile Phe Leu Th i 
Е 1 А hr ч ys s Leu e e Leu с Leu бег С — 
nucleotide sequence and predicted amino- ATG AAT CAA ACT GCG ATT СТС ATT TOC ТӨС СТТ AIC TIT СТО ACT CTA ACT GGL 123 b м 0 К 
i -31: idiz- 5 i 2 
acid Sequence: of pIFNy 31; b, hybridiz 19 rle Gin Gi; Wal Pro Leu Ser Arg Thr Val Arg Cys Thr Cys Ile Ser Ile Ser зч Е 
ation selection. and translation of pIFN y- ATT CAA GGA GTA ССТ СТС ТСТ AGA АСС СТА ССС ТОТ ACC TGC АТС AGC ATT АСТ 177 © pd 2 Ф 
E IRE I. - 2 
31 mRNA. The coding strand is displayed 37 Asn Gln Pro Val Asn Pro Arg Ser Leu Glu Lys Leu Glu Ile Ile Pro Ala Ser 9 aq i Ш 
їп a; the number of the nucleotide residue AAT CAA ССТ СТТ ААТ CCA AGG TCT ТТА САА ААА СТТ GAA АТТ ATT CCT GCA АСС 231 Z aa .J 
at the right end of each line is given. The 55 Gin Phe Cys Pro Arg Val Glu Ile lle Ala Thr Met Lys Lys Lys Gly Glu Lys ` Ө 
polyadenylation signal is underlined. The САА TTT TGT ССА CGT СТТ САС ATC АТТ ССТ ACA ATG AAA AAG AAG GGT GAG AAG 285 : 
deduced amino-acid Sequence is shown 73 Arg Суз Leu Asn Pro Glu Ser Lys Ala Ile Lys Asn Leu Leu Lys Ala Val Ser mni i MM em. Д3 
above the nucleotide sequence, numbered AGA TGT CTG AAT CCA GAA TCG AAG GCC ATC AAG AAT ТТА CTG AAA GCA СТТ АСС 339 ; 
beginning with the putative initiating 91 Lys Glu Met Ser Lys Arg Ser Pro 
methionine. The hydróphobic core of the AAG GAA ATG ТСТ AAA AGA TCT ССТ TAAAACCAGAGGGGAGCAAAATCGATGCAGTGCTICCAA 402 
predicted signal sequence is overlined and ССАТССАССАСАСАСАСССТСССТСТСССАТСАСТТСССТАСАТССАСТАТАТСТСААСССАТААТТСТТС 473 
the predicted signal peptidase cleavage TTAGTTTGCAGTTACACTAAAAGGTGACCAATGATGGTCACCAAMTCAGCTGCTACTACTCCTGTAGGAAG 544 a 
site is indicated by an arrow. Hybridiz- ROUEN ~25.7 
ation selection and translation of pIFNy- А GCTATTCAGTAATAACTCTACCCTGGCACTATAATGTAAGCTCTACTGAGG 615 
31 mRNA (b) were performed to confirm TGCTATGTTCTTAGTGGATGTTCTGACCCTGCTTCAARTATTTCCCTCACCTTTCCCATCTTCCAAGGGTA 686 
the open reading frame predicted above. CTAAGGAATCTTTCTGCTTTGGGGTTTATCAGAATTCTCAGAATCTCAAATAACTAAAAGGTATGCAATCA 757 
Poly(A)” mRNA from U937 cells induced 
УА) j mee ААТСТССТТТТТАААСААТССТСТТТАСТТСАТССАСТТССАСТСССАТССТСССААСССССССАААТТСТ 828 - 
by 5 hitreatment with rIFN-y (100 U l^!) x 18.5 
was ahtiealed to riitrocellulose filters con- ТТСАСТОССТАССТАСАТАСААТТССАААСАСАТАСАССЛАССТАСАААТАТСТСААААТСТАТСТСТААС 899 
“taining pIFNy-31 and control clones TATTCYTATTTAATGAAAGACTGTACAAAGTATAAGTCTTAGAIGTATATATTTCCTATATTGTYTICAST 970 
pBR322 and 1.-Ѓеггійп. The mRNA was GTACATGGAATAACATGTAATTAAGTACTATGTATCAATGAGTAACAGGAAAATTITAAAAATACAGATAG 1041 
eluted and translated in vitro using a rabbit —14 


4 3s ATATATGCTCTGCATGTTACATAAGATAAATGTGCTGANTGGTTTTCARATARAANTGAGGTACTCA TG 1 
reticulocyte. lysate. extract and S- ?CCTG 1112 


< methionine label; An autoradiogram of the 
translation products fractionated on a 
12.5% SDS-polyacrylamide gel is shown in 
b. The ‘no add." lane shows only the endogenous translation products of the extract. M, markers are displayed on the right. 
Methods. a, DNA sequence analysis was performed using the dideoxy miethod of Sanger and Coulson”? and the chemical cleavage method of Maxam and Gilbert”. 
The entire coding region of pIFN y-31 consisted of two overlapping cDNAs. pIFN y-31.0 was isolated in the differential colony hybridization screening, extended 
from nucleotides 451 to 1,198, and used to rescreen a size-fractionated cDNA library. 10,000 recombinants were screened with.an EcoRI Рои fragment of 
pIFNy-31.0, Seven colonies hybridizing to this probe were picked, rescreened, then analysed by restriction mapping. One clone, pIFN y-31.7, contained the most 
5'-nucleotide sequences. and extended from nucleotides 1 to 875. b, Hybridization selection of specific mRNAs was performed essentially as described previously“. 
Plasmid DNA (10 pg) were linearized and bound to 0.45-рт nitrocellulose filters as indicated in Fig. 1 legend. Hybridization was carried out at 50°C for 3h in 
а 250-u1 volume containing 65% formamide, 20 mM PIPES (pH 6.4), 0.1% SDS, 0.4 M NaCl, 50 ug yeast transfer RNA and 45 pg poly(A)” RNA. Filters were 
then washed six times with 50 ml of 0.15 M NaCl, 0.01 M Tris pH 7.6, 1 mM EDTA, 0.5% SDS at 65°C. The filters were washed twice more with 50 ml 0.15 M 
NaCl, 0.01 M Tris pH.7.6, 1mM EDTA at 65°C. Selected RNAs were eluted by boiling in 300 pl of HO for 60 s and then quickly freezing in a dry-ice ethanol 
‘bath. The eluted RNAS were extracted with CHCI,/phenol and then ethanol precipitated in 0.25 M sodium acetate with 20 pg yeast tRNA as a carrier. The pellets 
| were washed once with 70% ethanol and dissolved in 5 p! Н.О. Each selected RNA (1 ul) was used to program an Amersham RRL iñ vitro translation system 
using *°S-methionine as label. 
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Fig. 4 ^a, Amino-acid homology 








E ) b +25- y!P-10= — 
.— between yIP-10, PF-4-human (PF-4), [ Be aom 
^OPF-4-bovine (PF4 30) and 8-TG- BIG = --- 
human (8TG-Hu). The optimized y + 15- 
amino-acid alignment, which iJ te | ‘ i 
> includes gaps, was done by Z 
implementing a Needleman-Wunsch о * ? Л. ^ jV V. h ; 4 
"algorithm" over. the initial dfastp E Op MM у i [Ni RA 
. alignment, The one-letteramino-acid £ _ 5 f , А d ad " Ау 
-notation is used. А colon indicates Q 2 "n MEE. 
o anexact match, a period a'conserva- б Ir 
tive mutation" (can be obtained with Z 15| 
= only one DNA base change) and a [ 
~ blank a ‘non-conservative mutation’ 56 





(а least two DNA bases would have 
to Бе changed). b, Hydropathy pro- 


“file of yIP-10 (——), PF4-Hu (---) and BTG-Hu (---). The hydropathic value of each amino acid was determined by using the scoring 
system of Kyte and Doolittle**. The average hydropathic value at residue i is calculated across seven residues from i —3 up to and including 
i+3. Positive values indicate hydrophobic regions and negative values hydrophilic segments. Each protein was plotted independently and 
overlaid to obtain the composite seen above. The hydropathic value of each amino-acid residue is plotted from the amino terminus to the 

` carboxyl terminus (left to right along the abscissa). The entire coding region of yIP-10 is plotted, but only the mature PF-4 and B-TG proteins 
are plotted. The arrow indicates the predicted signal peptide cleavage site of yIP-10. 


7 The deduced amino-acid sequence (Fig. За) beginning with 
the initiation codon AUG at nucleotides 70-72 encodesa protein 
. of 98 amino acids and predicts a protein of M, 12,378, termed 
| yIP-10. The highly hydrophobic stretch of 10 amino acids 
. (residues 5-14 overlined in Fig. За) is typical of the hydrophobic 
core of a signal peptide”. Application of the empirical rules 
proposed by Von Heijne” predicts the signal peptidase cleavage 
site to be after residue 21 (Gly, arrow Fig. 3a). Analysis of the 
amino-acid sequence reveals no other hydrophobic regions 
which could serve as a transmembrane region and anchor the 
protein in the membrane. This suggests that the protein is 
secreted and that the unmodified mature protein has a M, of 
9,979. Consistent with yIP-10 containing a signal peptide, its 
mRNA is enriched in the microsomal fraction (data not shown). 
The predicted amino-acid sequence for yIP-10 contains no 
N-linked glycosylation sites (Asn-X-Thr/Ser). 

Hybridization selection and translation of pIFNy-31 were 
performed to confirm the predicted open reading frame. 
Poly(A)* mRNA from 0937 cells treated for 5h with rIFN-y 
was annealed to nitrocellulose filters containing pIFN y-31 and 
control clones (L-ferritin and pBR322) and then eluted. The 
selected mRNA was translated using a rabbit reticulocyte lysate 
with ?S-methionine label and fractionated on a 12.5% SDS- 
polyacrylamide gel (Fig. 3b). mRNA from clone pIFN y-31 
directs the synthesis of a —12,000- M, protein which is not 
present in the control lanes, confirming the existence of an 
mRNA which can direct the synthesis of the yIP-10 protein in 
rIFN- y-induced U937 cells. 

Using the program 'dfastp' (ref. 26), we searched the National 
Biomedical. Research Foundation Library for any protein con- 
taining homology to the predicted amino-acid sequence for 
yIP-10. Two proteins, platelet factor-4 (PF-4) and B-thrombo- 
globulin (8- TG), have significant homology to the predicted 
“amino-acid sequence of УІР-10. Alignment of these three 

sequences is shown in Fig. 4a. yIP-10, PF-4 and B-TG demon- 
. strate 35% identity in a 62-amino-acid overlap. 8- TG has been 
reported to contain two disulphide bonds linking residues 16-42 
запа 18-58 (ref. 27). When PF-4, B-TG and yIP-10 were aligned 
< Гог maximum homology (Fig. 4a), the cysteine residues of the 
^ mature proteins were perfectly aligned, suggesting preservation 
-of tertiary structure among these molecules. Consistent with this 

; notion is the similarity in the hydropathy profile of the proteins 
(Fig. 4b); there is a striking conservation of hydrophobic (peaks) 
and hydrophilic (troughs) domains between the three proteins. 

















































The hydrophobic core of the predicted leader peptide of yIP-10 
is clearly evident with the predicted signal peptidase cleavage © 
site indicated by an arrcw in Fig. 4b. | 

PF-4 and B-TG proteins are stored in the a granule of platelets 
and secreted concomitantly during the platelet-release reac- 
tion”. Although the in vivo functions of PF-4 and 8-TG remain 
unclear, in vitro studies suggest that these proteins are important. 
mediators of inflammation and wound healing?^". The | 
homology between yIP-10, РЕ-4 and B-TG suggests that yIP-10 — 
may also be involved in the inflammatory response. The rapid ^ 
and specific induction of pIFNy-31 mRNA by IFN-y in а. 
diverse population of ceils suggests that yIP-10 may be central 
to the IFN-y response. The role for this family of related 
polypeptides in inflanimation and immune cell regulation as 
well as the molecular characterization of transcriptional activa- 
tion by IFN-y are under investigation. 
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Obese syndromes of genetic origin or experimentally induced are 
characterized by resistance to insulin both in vivo (association of 
hyperglycaemia and hyperinsulinaemia) and in vitro'. Thus, ske- 
letal muscle of obese mice, which is the most important target 
organ for the action of insulin, displays a reduced response to 
insulin” “. This hormonal resistance cannot be explained by the 
moderate decrease in the number of insulin receptors found in 
_ obese animals"5, In fact, it is generally believed that a biochemical 
event occurring very early after binding of insulin to its receptor, 
which is the first step in insulin action, is defective in obesity. One 
of the earliest post-binding events so far recognized, and which is 
thought to have a key role in cellular signalling by the insulin 
eceptor, is the insulin-stimulated phosphorylation of its recep- 
тог, In an effort to localize the defect responsible for the insulin 
resistance in obesity, we have studied the insulin receptor protein 
| Kinase activity and we show here that insulin receptors from 
skeletal muscles of insulin-resistant obese mice have an altered 
kinase activity for phosphorylation of both the receptor itself and 
of exogeneous substrates. 

The animals used in the present study were male Swiss albino 
“mice. Mice were rendered obese with a double injection of gold 
thioglucose at 3 weeks of age and they were used at 25-30 weeks 
when obesity was fully expressed**. Lean controls were age- 
and sex-matched animals. All animals were fed ad libitum on 
a standard diet until the time of killing. Following gold thio- 
glucose injection, which induces hyperphagia, mice became 
markedly obese (Table 1). They were hyperglycaemic and insu- 
lin-resistant since insulin induced in vivo a poor hypoglycae- 
mic effect. Using wheat-germ lectin chromatography, partially 








Table 1 Characteristics of mice used (a) and binding capacity of 
partially purified insulin receptor preparations (5) 





a Lean Obese 
Body weight (g) 43.4+ 1.2 66.5 + 3.5 
Blood glucose (mg рег 100 ml) 

Before insulin 16248 334427 
30 min after insulin 6124 294 x 37 
Insulinaemia (ng ml!) 32x07 50.8 11.1 

Specific binding of '*I-insulin 

b Lean Obese 

Soleus muscles 0.52 + 0.04 0.37 + 0.03 
(per cent per mg protein) 
Partially purified receptors 3.81x0.21 2.94: 0.22 


(per cent per pg protein) 





Mice were injected with gold thioglucose at 3 weeks of age and used 
at 25-30 weeks?^^. Insulin resistance was tested in vivo by measuring 
plasma glucose before and after an intravenous insulin injection (0.5 U 
per kg body weight). Insulin binding was measured in soleus muscles 
as described previously? or in partially purified insulin receptors: 10 pl 
of partially purified receptor preparations was incubated in HEPES 
(50 mM), NaCl (150 mM) buffer pH 7.6 containing '*“I-labelled insulin 
(107! M) in the absence or presence of unlabelled insulin (107° M) in 
a final volume of 200 pl. After 2 h at 20 °C, bound insulin was separated 
from unbound hormone using polyethylene glycol. Nonspecific binding 
represented 10-15% of total binding. Values are the mean +s.e.m. of 
five measurements for insulin test, eight for soleus muscles or six for 
partially purified receptor preparations. 


purified insulin receptors were prepared from skeletal muscle 
of lean and obese mice, and they were then used in a cell-free 
phosphorylation assay as described previously". For all tissues 
studied so far, insulin enhances several-fold the phosphorylation 
of its receptor B-subunit (relative molecular mass, M,, 95,000); ` 
the other receptor subunit, termed a-subunit (M, 130,000) апа . 
containing the insulin binding site, is generally not phosphory- 
lated!?. Similar results were found with receptors derived from 
rat skeletal muscle''. With insulin receptors obtained from ske- 
letal muscle of lean mice, insulin markedly stimulated the phos- | 
phorylation of a polypeptide of M, 95,000 (Fig. 1); this phos- 
phoprotein corresponds to the B-subunit of the insulin receptor, 
as it was immunoprecipitated by a highly specific antiserum? 
to insulin receptor (lanes d, h), but not by normal serum (lanes 
с, g). More importantly, the effect of insulin on phosphorylation 
of its receptor was less pronounced in the preparation from 
insulin-resistant obese mice (lane h) compared with lean con- 
trols (lane d). The decreased insulin effect observed in obese 
mice is unlikely to result from a residual occupation of insulin 
receptors due to the high levels of circulating insulin in obese 
mice (Table 1), as basal phosphorylation was negligible in both 
groups of mice (lanes b, f). 

Insulin binding was decreased only to a moderate extent 
(~30%) in intact soleus muscles? from obese mice compared 
with controls, and a similar moderate defect (2296) in insulin 
binding was observed using partially purified insulin receptors 
from obese animals (Table 1). Scatchard analysis of the insulin 
binding data revealed that this was due only to a decrease in 
receptor number without any change of binding affinity (data 
not shown). The altered autophosphorylation of insulin recep- 
tors from skeletal muscle of obese mice could be due to a 
decreased number of receptors or, alternatively, due to an 
intrinsic defect of the insulin receptor kinase in obese mice. To 
approach this question, we next studied insulin receptors from 
skeletal muscle of lean and obese mice for self-phosphorylation 
of the receptor B-subunits present in identical amounts of recep- 
tors, as measured by Scatchard analysis and affinity labelling 
of a-subunits with 'Linsulin. Partially purified insulin recep- 
tors were incubated with !I.photoreactive insulin followed by 
ultraviolet irradiation for covalent affinity labelling of insulin 
receptors. SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE) revealed the presence of a major labelled polypeptide 
with M, 130,000, which we recognize as the insulin receptor 
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Fig. 1... Phosphorylation of skeletal muscle insulin receptors from 
-Jean and insulin-resistant obese mice. Skeletal muscles were 
| cobtained from the hindlegs of 30-week-old normal Swiss mice 
(lean) ог mice injected with gold thioglucose (obese). Muscles 
(3 в) were homogenized (15 s, Polytron homogenizer, 2,000 r.p.m.) 
“in 3vol. HEPES (50mM, pH 7.6),.NaCl (150 mM), -bacitracin 
(тм), aprotinin (1,000 trypsin-inhibitor units per ml), phenyl- 
methylsulphonyl fluoride (1 mM) and Triton X-100 (1%). The 
homogenates were solubilized for 90 min at 4°C by continuous 
stirring, and centrifuged at 150,000g at 4°C for 90 min. The super- 
natants were applied to a wheat-germ-agglutinin-agarose column; 
after washing, bound glycoproteins were desorbed with 0.45 M N- 
acetylglucosamine". Preparations from lean and obese mice were 
always. performed in parallel. Partially purified insulin receptors 
were incubated in a reaction mixture containing HEPES (50 mM, 
«pH 7.6), NaCl (150 mM) without (basal) or with 0.1 aM insulin 
at 15*C for 90 min. Thereafter, the phosphorylation reaction was 
initiated adding [y ?pJATP (15 pM), MnCl, (4mM) and MgCl; 
(8 mM). After 30 min at 20 °С, the reaction was stopped by adding 
“ice-cold stopping solution containing NaF (80 mM) and EDTA 
(30 mM). Insulin receptors were specifically immunoprecipitated 
with antiserum containing autoantibodies to the insulin receptor" 
(serum from patient B2 at a 1:300 dilution) (lanes b, d, f, h) or 
normal serum (lanes a, c, e, g) after a preclearing step with normal 
serum. The immunoprecipitates were boiled for 5 min in a solution 
containing SDS (3%, w/v), glycerol (10%, v/v), sodium phosphate 
(10 mM), 2-mercaptoethanol (5% ) and bromophenol blue (0.05% ) 
and subjected to one-dimensional SDS-PAGE with a 7.5% acry- 
lamide resolving gel^'. An autoradiograph of the gel is shown. 





` a-subunit for the following reasons. First, the radioactive band 
with.M, 130,000 was not found when unlabelled insulin (10 ' 7M) 
was present together with "*I-photoreactive insulin during the 
binding step. Second, the 130,000-M, polypeptide was 
immunoprecipitable by anti-insulin antiserum and anti-receptor 
antiserum, but not by normal serum (data not shown). Based 
on estimates derived from Scatchard analysis of insulin binding, 
we took identical amounts of insulin receptors partially purified 
from skeletal muscle of lean. mice and from insulin-resistant 
obese mice, respectively. Then, '?I-photoreactive insulin was 
first covalently attached to the two receptor preparations, and 
the receptors were used in a cell-free phosphorylation assay as 
described previously. Finally, insulin receptors were specifically 
immunoprecipitated with antibodies to insulin receptor. The 
autoradiogram in Fig. 2 clearly shows that for an equal amount 
of insulin binding, as reflected by the identical labelling intensity 
of the receptor a-subunit, a much lower degree of phosphoryla- 
tion of the insulin receptor -subunit is found in partially 
purified receptors obtained from obese mice compared with lean 
;, mice. Thus, when the radioactivity present in the insulin receptor 
a- and B-subunits was measured by scanning densitometry in 
three different experiments, and the ratio of labelling of the 
x B-subunit over the a-subunit was calculated, we found 2.9 x: 0.3 
| in lean mice, and 1.7 + 0.2 in obese mice (mean s.e.m. of three 
experiments, each performed with a different insulin receptor 
_ preparation). This result indicates that in obese mice there is a 
marked alteration in the insulin-induced phosphorylation of the 
^ insulin receptor. 

*. "fo evaluate further the possible role of a defect in insulin 
«receptor kinase activity in the resistance to insulin seen in 
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Fig. 2 Double labelling of a- and 8-subunits of insulin receptors = 
in lean and insulin-resistant obese mice. Partially purified insulin. 
receptors were prepared from lean and obese mice as described 
in Fig. 1 legend. The amount of insulin receptors in the two prepar- 
ations was determined by Scatchard analysis of insulin binding 
data; obese mice showed a reduction of 20% compared with lean ' 
mice (there was no change in insulin binding affinity). Identical’. 
amounts of receptors from lean and obese mice were first incubated 
with 5nM '*]-labelled photoreactive insulin’ (B29 (2-nitro,4- 
azido)phenylacetyl insulin) for 2h at 15?C in the dark; samples 
were then irradiated for 5 min at 4 °C using a high-pressure mercury 
lamp (Philips HPK; 125 W h^!) as previously described". Using 
this procedure, 20% of photoreactive '*°I-insulin was covalently. 
linked to solubilized receptors after ultraviolet irradiation. At the 
end of photoactivation, phosphorylation was carried out as detailed 
in Fig. 1 legend. The labelled insulin receptors were then exposed 
to normal serum (lanes. a and c) or anti-receptor serum B2 (lanes. 
b and d), and the immunoprecipitates were subjected to SDS- 
PAGE under reducing conditions. An autoradiogram of the gel is 
shown. 


obesity, the ability of insulin receptors to catalyse the phosphory 
lation of exogenous substrates was investigated. The substrate 
used here was a copolymer of glutamate and tyrosine residues 
in a 4: 1 ratio, which has been shown to be an excellent substrate . 
for the insulin receptor protein kinase". Insulin binding to the: 
partially purified insulin receptors obtained from skeletal muscle: 
of obese mice and used in these experiments was only decreased 
by 15% compared with lean mice. In contrast, phosphorylatio 
of the substrate by partially purified insulin receptors from obes 
mice was decreased by 40% at all insulin concentrations com 
pared with lean mice íFig.3). For both preparations, a half- 
maximal effect was obtained with 8x10 * M insulin. 

In our attempts to test the putative causal association between 
insulin resistance and loss of receptor kinase activity, we have. 
investigated whether both defects evolve concomitantly in mice: 
rendered obese. The insulin receptor tyrosine kinase activity of 
skeletal muscle was thus evaluated in young obese mice, which 
are not insulin-resistant, as they are hyperinsulinaemic and 
slightly hypoglycaemic, and they normally respond to exogenous 
insulin, These 10-week-old non-insulin-resistant obese mice. 
were compared with 30-week-old obese animals, which have. 
developed an overt resistance to insulin. For both groups of. 
obese mice, insulin binding to partially purified skeletal muscle 
insulin receptors was ~80% of the binding in the corresponding: 
age-matched lean animals. In skeletal muscle from 10-week-old. 
obese mice, the insulin-stimulated receptor tyrosine kinas 
activity towards an exogenous substrate was reduced in direc 
proportion to the decrease in insulin binding, that is, a reductio! 
of approximately 20%. This is in striking contrast to the situatio 
observed in 30-week-old insulin-resistant obese mice, where the | 
diminution in receptor kinase activity (45%) is much more 
pronounced than would have been expected from the decrease 
in insulin binding (20% 1. Thus, in obesity with the development: 
of insulin resistance and without any further change in insulin 
receptor number, a defect intrinsic to the insulin receptor: 
tyrosine kinase activity appears. 
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Fig. 3 Kinase activity of insulin receptors from lean and insulin- 
resistant obese mice towards an exogeneous substrate. Partially 
purified insulin receptors (25 pl), prepared from lean and obese 
mice as described in Fig. 1 legend, were preincubated in HEPES 
(50 mM), NaCl (150 mM), bovine serum albumin (0.2 mg тіс!) 
buffer, pH 7.6 (final volume 140 wl) without or with various con- 
centrations of insulin for.60 min at 24 °C. The substrate’? (copoly- 
mer of glutamate/tyrosine, 4:1, 0.25 mg ml^!) was then added for 
an additional 30 min. The phosphorylation reaction was initiated 
by adding 20 41 of a solution containing [ y-?P]ATP, MnCl, and 
MgCl, at final concentrations of 20 uM, 3,000 c.p.m. pmol^!, 4 mM 
and 8 mM, respectively. After 30 min the reaction was stopped by 
applying 75-рі samples to filter papers (Whatman ET31) and 
soaking the papers in а bath of 10% trichloroacetic acid (TCA), 
10 mM sodium phosphate. After extensive washing in 5% TCA, 
radioactivity of the TCA-precipitable material was measured using 
Cerenkov radiation. Results are expressed as nmol of phosphate 
incorporated per mg receptor protein per 30 min. 


Here we have presented evidence that the insulin receptor 
tyrosine kinase activity is markedly impaired in skeletal muscle 
of insulin-resistant obese mice. This defect in the enzyme func- 
tion of the receptor was observed for both receptor autophos- 
phorylation and the ability of the receptor to catalyse the phos- 
phorylation of a synthetic substrate. This result indicates that 
the insulin-resistant state accompanying obesity can be related 
o an impaired activity of the insulin receptor kinase. Similarly, 
has also been shown recently that the insulin resistance, which 
Occurs in streptozotocin-diabetic rats, is accompanied by a 
decreased kinase activity of liver insulin receptors'^. Our finding 
represents the earliest post-receptor binding alteration recogn- 
ized so far in animal obesity, in which the insulin resistance is 
generally accepted to result mainly from a post-receptor defect. 
is observation may have important implications for our under- 
standing of the insulin resistance commonly found in human 
Obesity, which is the most frequent cause of hormone resistance 
in humans. Our model of animal obesity has a major feature in 
common with human obesity in that it is acquired. It thus 

xcludes the possibility that the insulin receptor kinase activity 
As deficient due to the result of a genetic abnormality of the 
| enzyme as it appears to occur in two recently reported cases of 
insulin resistance in extremely rare patients'^!*. The alteration 
. of intrinsic insulin receptor kinase activity in our obese animals 
„could result from the chronic hyperinsulinaemia present in obese 
“mice which induces a desensitized state of the receptor-associ- 
ated enzyme function. Along this line, it has been suggested 
that diet-induced alterations of insulin receptor kinase activity 
could be related to different nutritional states or ambient plasma 
nsulin levels in fasted and fasted, re-fed animals". Our observa- 
tions are similar to those of Carlin et al'* who show that 
senescent fibroblasts, which are resistant to epidermal growth 
factor (EGF) action, have a defect in their EGF receptor kinase 
despite an unchanged number of EGF receptors. Alternatively, 
the defective insulin receptor kinase activity found in obese mice 
could be due to inadequate coupling between the two insulin 
receptor subunits. The mechanism of signal transfer from the 
insulin binding subunit (a) to the 8-subunit, responsible for 
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Fig. 4 A defect in insulin receptor tyrosine kinase activity appears 
with insulin resistance in skeletal muscle from obese mice. Insulin 
receptors were partially purified from skeletal muscle obtained 
from the following two groups of lean (open bars) and obese 
(shaded bars) mice: a, mice were aged 10 weeks, and the obese 
animals were not insulin-resistant (body weight (g) 35.9+0.3 and 
45.1+1.0; blood glucose (mg per 100 ml) 2176 and 18246; 
insulinaemia (ng ml^') 1.9: 0.4 and 7.7 € 1.8 for lean and obese 
mice, respectively; values are mean. +s.e.m. of 8-12 values; all 
differences were statistically significant with P.« 0.01. b, Mice were 
30 weeks old and the obese animals were insulin-resistant as 
described in Table 1. Insulin binding was measured in partially 
purified insulin receptors as described in Table 1, and the results 
are expressed as a percentage of the binding obtained in prepar- 
ations from lean mice. Insulin receptor tyrosine kinase activity 
towards an exogenous substrate was measured in the absence 
(basal) or presence of insulin (107 M) as described in Fig. 3 legend 
and is expressed in nmol ??Р incorporated рег mg receptor protein 
per 30 min. Values are the mean of five experiments, each perfor- 
med with a different insulin receptor preparation. 


the kinase activity, is unknown. It could be envisaged that this 
signal transfer is hampered in insulin-resistant obese mice. In 
contrast, a quantitative defect of solely the insulin receptor 
B-subunit in obese mice is very unlikely. Indeed, insulin-induced 
receptor loss (a phenomenon known as down-regulation'?) leads 
to an identical decrease in both insulin receptor subunits”. 
Along the same line, the insulin receptor of obese mice could 
have a greater proportion of nicked B-subunits than lean mice. 
However, a careful analysis of our gels does not favour this 
contention. 

It is generally believed that protein phosphorylation is an 
important mechanism by which a variety of extracellular stimuli 
regulate cellular functions. For the insulin receptor, the hor- 
mone-stimulated phosphorylation of its receptor is a very early 
post-binding event, and a fundamental property of the receptor 
as it occurs in all tissues studied thus far. The demonstration 
of an altered insulin-stimulated kinase associated with the 
insulin receptor activity in muscles of obese mice, which display 
insulin resistance for a variety of parameters (glucose transport 
and metabolism, glycogen synthase activation and amino-acid 
transport), argues strongly for a key role of receptor phosphory- 
lation in insulin action. 

Autoantibodies to the insulin receptor were given by Drs P. 
Gorden and C. R. Kahn and photoreactive insulin was given 
by Dr D. Brandenburg. We thank G. Visciano for illustration 
work and Mrs J. Duch, L. Capolongo and A. Rainaud for 
secretarial assistance, This research was supported by INSERM 
grant CRL 82.4.027. 
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Cellular mechanisms of secretion in exocrine and endocrine glands 
- are technically difficult to study. We present here a model which 
"offers fundamental advantages for studying excitation-secretion 
г coupling at the level of the isolated single cell. The salivary gland 
of the leech Haementeria ghilianii possesses a unique combination 
of unusual properties which greatly facilitate research in this area. 
Its cells are excéptionally large (up to 1 mm in diameter), clearly 
visible and easy to penetrate with microelectrodes. They do not 
form a homogeneous population but consist of five distinct histo- 
chemical types, secreting a number of identified products such as 
the fibrinolytic enzyme hementin (for which there is a sensitive 
assay). The cells generate overshooting calcium-dependent action 
potentials up to 90 mV in amplitude and with a duration of 
200--1,000 ms. One of their most useful and unusual features is 
a lack of eléctrical coupling which means that individual cells can 
be studied in an intact gland without interference from neighbour- 
ing cells. 

H. ghilianii is the world's lárgest leech (up to 0.5 m long) and 
was known only from two nineteenth-century reports until it 
was rediscovered by one of us in swamps in French Guyana’. 
Unlike most other leeches (for example, Hirudo medicinalis) in 
which the salivary cells are relatively small and scattered 
throughout the head musculature’, those of H. ghilianii are very 
large and form a discrete gland containing ~240 cells (Fig. 1). 
Intracellular injection of Lucifer yellow indicates that the cells 
are not coupled because the dye does not pass into neighbouring 
cells”. 

Leech salivary glands contain a number of medically interest- 
ing peptides, including an anti-elastase, а vasodilator, 
hyaluronidase, an anti-metastasis factor, a possible local anaes- 
thetic and a species-specific range of anticoagulants**. For 
example, the anticoagularit of Н. ghilianii is hementin, an 
enzyme that specifically cleaves fibrinogen/ fibrin’. 

These properties, together with the electrophysiological 
experiments reported here, suggest that the gland is a valuable 
model for glandular secretion, particularly because much is 
known about the biochemistry and mechanisms of action of 
оше of the biologically active secretions mentioned above’. 
_ Features of the electrophysiology of this gland have recently 
‘been examined by Marshall and Lent’. Here we present the 


_ results of parallel studies and summarize the evidence which 


has led us to recognize the potential of this system as a gland 
model. 
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Fig. 1 Dissected salivary gland complex of H. ghilianii, P, pro- 
boscis; AG, anterior gland; PG, posterior gland. Cells, ranging up 
to 1 mm or more in diameter, are clearly visible for microelectrode 

penetration. Scale bar, 1 mm. 


Dissected salivary glands were pinned to the base of a small. 
Perspex bath and immersed in physiological saline. Individual 
cells were impaled with two. independent KCl-filled micro- 
electrodes of 10-20 МО resistance; one electrode was used for. 
recording potential and the other for passing current. Experi- 
ments were performed at room temperature (18-22 °С). 

Resting potentials of between +35 and —80 mV were recorded 
with no sign of spontaneous impulse activity or subthreshold 
potentials. Depolarizing pulses elicited. overshooting action 
potentials which exceeded 90 mV in some cells. Action potentials . 
were characterized by a shoulder on the repolarizing phase 
pronounced after hyperpolarization (Fig. 2a, b), and a duration 
of 200-400 ms which increased during repetitive firing up to ls: 
In most cells only one ог two action potentials could be elicited 
by maintained depolarization because of rapid adaptation 
recovery could take. many seconds or even minutes. Action 
potentials could, however, be elicited by termination of a hyper- 
polarizing pulse (Fig. 2b, c) even when depolarization produced 
no response. Addition of 5 тМ Сос], to the bathing medium . 
reversibly suppressed action potential generation (Fig. 2d - f), 
indicating that Ca?* is the major current carrier for the action 
potential. ; 

To test for electrical. coupling, pairs of cells were recorded. 
simultaneously. We never detected responses in one cell to actio 
potentials or applied current pulses (depolarizing or hyper 
polarizing) in another (Fig. 2c), even when applied pulses were 
increased to cause eventual damage to the cell. Both neighbour 
ing and more distant pairs of cells: were tested in this way. This 
lack of coupling is unusual (the only other case of electrical: 
isolation of gland cells is in the pedal gland of molluscs’). This: 
property should eliminate many of the experimental problems 
associated with coupling in other systems" . For example, it i 
difficult to ascertain clearly whether any electrical activity 
observed in a given cell originates from that or from neighbour- 
ing cells, and the effective shunt resistance of the cells may vary 
(for example, by the actions of transmitters on cell membran 
or junctional membrane permeability). 

The electrical isolation of the H. ghilianii salivary cells is a 
fundamental advantage for secretion studies at the cellular 
level. It should be possible, for example, to study release of 
identified secretions fram each of the five cell types, as has 
been done with neurotransmitters in identified invertebrate 
neurones!! 





Fig. 2 Intracellular recordings from: salivary 
gland cells of H. ghilianii, a, b, Action poten- 
tials, which may exceed 90 mV, are initiated by 
depolarizing current (а) and also following 
hyperpolarization by inward current (b; 100-ms 
pulses were applied). c, A hyperpolarizing cur- 








rent pulse in one salivary cell (lower trace) 
produces rebound excitation but there is no 
sign of electrical responses in an adjacent cell, 
recorded simultaneously at high gain on the 
upper trace. Experiments of this type indicate 
that the gland cells are not electrically coupled. 
4-5, Effect of 5mM Co^* added to the bathing 
solution. d, Control impulse in response to 
depolarizing current; e, 5 min after addition of 
CoCl, the action potential is abolished (а 
delayed rectification is apparent): f, recovery. 
This indicates that Ca?" is the major current 
carrier for generation of action potentials. g, 
Brief application of 1075 M serotonin produces € 
a depolarization and increase in membrane 

conductance (indicated by reduction in ampli- 

tude of constant-current hyperpolarizing 

pulses). Voltage scales (vertical bars), 25 mV 

(1 mV in c, upper trace); time scales (horizontal 

bars), 2 s. 





























The natural stimulus for action potential generation, whether 
neural and/or hormonal, is unknown. Several putative neuro- 
transmitters, however, (dopamine, serotonin and acetylcholine) 
were found to depolarize the gland cells, with an accompanying 
-decrease in membrane resistance (Fig. 22) and occasionally the 
< production of no more than four impulses. Interestingly, in the 
"presence of dopamine, applied depolarizing current was some- 
times found to produce repetitive firing which was not simply 
га consequence of the depolarization produced by the drug. If 
the impulse provides a trigger for secretion, it seems unusual 
that the cells are normally so difficult to activate. Feeding, 
"however, occurs very infrequently (every few months) and ап 
action such as that of dopamine may mimic a natural process 
. of bringing the gland into secreting condition. 

in mammals, salivary and other exocrine gland cells. are 
electrically inexcitable, producing graded potential changes 
(often hyperpolarizations) which may or may not be related to 
secretory function", The Н. ghilianii salivary cells are similar 
in their electrical excitability to mammalian endocrine cells such 
as those in the pancreas", adenohypophysis and adrenal 
gland" (some molluscan exocrine glands produce action poten- 
| tials'^). This similarity extends to the anode- break excitation® 

shown by chromaffin’* and anterior pituitary cells"? 

We have also found the Н. ghilianii salivary gland to be 
 guitable for molecular genetics because the cells have a very 
large ramifying nucleus that displays gene amplification of ~10° 
times; this should allow precise questions to be asked about the 
relationship between secretion and transcription/translation of 
identified genes. Thus, the H. ghilianii salivary gland, with its 
unusual combination of properties, represents a simple, access- 
| ible preparation with distinct experimental advantages for cel- 
lular studies of glandular secretion. 

"This specialized leech has been generally unavailable because 
in its natural habitat it is restricted to Amazonia. We have 
* developed techniques for breeding this species and a facility 
| has been set up by Biopharm to supply hementin to interested 
‘researchers. 
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Direct microinjection has. been used to introduce foreign DNA 
into a number of terminally differentiated cell types as well as 
embryos of several species including sea urchin', Candida elegans”, 
Xenopus’, Drosophila ^* and mice*''. Various genes have been 
successfully introduced into mice including constructs consisting 
of the mouse metallothionein-I (MT) promoter/regulator region 
fused to either the rat or human growth hormone (hGH) structural 
genes. Transgenic mice harbouring such genes commonly exhibit 
high, metal-inducible levels of the fusion messenger RNA in several 
organs, substantial quantities of the foreign growth hormone in _ 
serum and enhanced growth'*'?. In addition, the gene is stably 
incorporated into the germ line, making the phenotype heritable. 
Because of the scientific importance and potential economic value 
of transgenic livestock containing. foreign genes, we initiated 
studies on large animals by microinjecting the fusion gene, MT- 
hGH”, into the pronuclei or nuclei of eggs from superovulated 
rabbits, sheep and pigs. We report here integration of the gene in 
all three species and expression of the gene in transgenic rabbits 
and pigs. 

Studies with mouse ova indicated that integration of a gene 
into host chromosomes is much more efficient with nuclear than 
with cytopla-mic injection'*. On this basis, we reasoned that 
nuclear injection would be an appropriate first approach with .. 
other species. The first problem encountered was visualization. 
















































Fig. 1 Interference-contrast photomicrographs of one-cell fertil- 
ized ova from rabbit (a), sheep (Б) and pig (c) following microin- 
jection. Ova are held by a blunt holding pipette (diameter ~50 um); 
an injecting pipette (diameter ~1.5 um) has penetrated the zona 
pellucida, plasma membrane and pronuclear envelope. The tip is 
seen within the nucleoplasm immediately following injection of 
buffer containing DNA. The porcine ova (c) has been centrifuged 
at 15,000g for 3 min to reveal the normally obscure pronuclei'5, 
Visualization of nuclear structures is aided by the use of interfer- 
ence-contrast optics, and microinjection is carried out under x 250 
magnification using a Leitz microinjecting apparatus ^^'^. Injection 
was monitored by observing the diameter of the pronuclus or 
nucleus, which was expanded ~50%. 


of the pronuclei or nuclei in the ova. Rabbit nuclear structures 
are readily seen (Fig. 1a). However, pronuclei and nuclei in 
sheep ova are difficult to locate and can only be seen by fluores- 
cent microscopy using DNA specific fluorochromes (Hoechst, 
33258) or by interference contrast (IC) microscopy (Fig. 1b). 
The combination of stain and ultraviolet light is damaging to 
the ovum (data not shown), so we used IC microscopy for 
microinjection. Fluorescent analysis indicated that IC micros- 
copy is an effective method for pronuclear localization in 
approximately 8096 of fertilized sheep eggs. Pig ova are opaque 
and no nuclear structures can be seen even with IC microscopy, 
but we found that centrifugation of pig ova at 15,000g for 3 min 
<- stratifies the cytoplasm (Fig. 1c), leaving the pronuclei or nuclei 


| visible". 


~~ Once the nuclei could be visualized, microinjection was per- 

-fórmed as described previously'*'^. A few hundred copies of a 
2.6 kilobase (kb) linear fragment containing the MT-hGH gene 
(see Fig. 2) were injected. Approximately 5,000 ova were injected 
and subsequently transferred to foster animals; about 500 of 
+ these resulted in fetuses or neonates (Table 1). The frequency 











of MT-GH integration was similar in the rabbit (12.896) and 
the pig (11.0%) and low in sheep (1.3%). These integration = 
efficiencies are probably accurate for the techniques being used: 
because they are based on a large number of animals. The 
reasons for the lower integration frequency in these species 
compared to the mouse where it is ~27% are unknown but. 
could be related to factors such as the concentration of DNA, 
buffer composition, age of the ovum and the structure of the 
chromosomes'*. 

The number of copies of the MT-hGH gene that integrated 
was estimated by quantitative dot hybridization. Figure 2d 
shows the quantitation method as applied to transgenic pigs. 
Gene copy numbers ranged from 1 to 490 copies per cell (Table 
2). The DNA from some of the transgenic animals was also 
analysed by restriction enzyme digestion of the chromosomal 
DNA followed by agarose gel electrophoresis and Southern : 
blotting. Figure 2a shows the results obtained when the DNA 
was restricted with EcoRI, an enzyme that cuts once within the 
injected DNA. The probe detects two prominent bands in several 
rabbits and pigs. One band is close to the length of the injected: 
DNA fragment (2.6kb) and probably represents a tandem, 
head-to-tail array of the MT-hGH genes asis typically observed 
in transgenic mice!^'?, The other band is approximately twice 
that length and might represent a head-to-head dimer, but fur- 
ther analysis will be required to test that possibility. When the 
DNA was restricted with 5511 (Fig. 2b), an enzyme that. cuts 
twice within the injected DNA, two bands of the expected size: 
were observed in all of the pigs and rabbits. Analysis of the 
sheep sample with EcoRI (not shown) and Sstl (Fig. 2c) . 
revealed bands that were inconsistent with an intact MT-hGH © 
gene, suggesting that the DNA had been trimmed or rearranged. 
prior to integration. 

Expression of the integrated genes was examined by quantitat- 
ing MT-hGH mRNA bv solution hybridization (Table 2). Only 
4 of 16 rabbits analysed had any detectable MT-hGH mRNA 
in the liver, but the level was substantial in one of these. In 
mice, the frequency of expression of this gene is close to 7096 
(ref. 13). In pigs, mRNA levels were measured only in tail or 
ear samples because we did not want to risk adverse consequen- 
ces of liver biopsy. Although tail and ear tissues are not primary 
sites of MT gene expression, we detected low levels of MT-hGH 
mRNA in several of the transgenic pigs (Table 2). 

Plasma samples taken from pigs at birth and —1 month later ` 
were analysed for hGH by radioimmunoassay. At birth, 11 of 
18 pigs had detectable levels of hGH, ranging between 2 and 
730 ng ml”! (Table 2). One month later, hGH exceeded 300 ng 
ті! in three pigs. One rabbit also had a high level of hGH. 
Serum hGH as high as 64,000 ng ml! has been detected in 
transgenic mice, but accelerated growth rate was observed at 
levels of 20 to 80 ng ml”! (ref. 13). None of these animals were 
exposed to high levels of zinc, a treatment that has been shown 
to activate MT-hGH gene expression —10-fold in mice”. 

The effects of hGH on the growth of rabbits cannot be evalu- 
ated at present because orly one live rabbit had detectable serum 
hGH and unfortunately it had malocclusion that impaired nor- 
mal food consumption. Early indications are that the levels of — 
hGH found in these transgenic pigs do not increase body weight 
dramatically. This may not be surprising considering that daily 
injections of bacterially synthesized hGH had no effect'^, and 
exogenous, highly purified porcine GH only stimulated growth 
by 10% when delivered during the major growth phase of the 
pig". Transgenic offspring and littermate controls will need to . 
be raised on normal and zinc-supplemented diets to determine 
precisely the effects of hGH on growth rate and other nutritional 
as well as endocrine parameters. 

These experiments demonstrate that foreign genes can be. 
introduced into several large animal species by microinjection 
of ova. Furthermore, expression of MT-hGH was obtained in © 
rabbits and pigs. We used a fusion gene that has worked well 
in mice to demonstrate the feasibility of such techniques, and 
we are now trying several modifications in an effort to improve 
the level of expression and physiological response. 











Table 1 Efficiency of producing MT-hGH transgenic rabbits, sheep and pigs by microinjection 





Transferred Integration Expression frequency 
Species injected ova Recipients frequency (%) MT-hGH mRNA Serum or 
i | i plasma hGH 
Rabbit* 1,907 73 28/218 (12.8) 4/16 1/1 
Sheep* 1,032 192 1/73 (1.3) ND ND 
Pigt 2,035 64 20/192 (10.4) 11/20 11/18 


Integration frequency is the number of animals (fetuses, stillborns and neonates) that retained the injected DNA/total number of animals resulting from injected ova. 
Six gilts bearing only injected. eggs farrowed, producing 52 neonates, 5 of which retained DNA. In 31 gilts that farrowed, 204 fertilized control ava were transferred 
along with 859 injected ova to ensure sufficient embryos at implantation to maintain pregnancy. If survival of injected eggs to fetuses' (16.4%) was similar for both 
groups, then injected eggs resulted in 140 of 252 fetuses and piglets próduced, 15 of which retained injected DNA. We combined the data from the two groups to 
estimate integration efficiency. Expression frequency is the number of fetuses or neonates containing MT-hGH mRNA or plasma hGH per total number of animals 
examined. ND, not determined. ү 

* Fertilized one-cell rabbit ova were flushed from the oviducts of superovulated New Zealand White (NZW) females 19 h after mating”. For microinjection the ova 
were placed in the well of a depression slide containing ~100 4I modified BMOC culture medium”! with the NaHCO, replaced by 25 mM HEPES” and covered by 
silicone oil. Microinjection of embryos (1,857 one-cell and 50 two-cell) was performed as described for mouse ova!®!*. Following injection, the ova were washed in 
fresh modified BMOC and surgically transferred to the oviducts of synchronized pseudopregnant rabbits”. 

+ Rambouillet ewes were superovulated after exhibiting at least one prior oestrus period. On about day 10 of the oestrous cycle, progestagen-impregnated vaginal 
sponges (6a-methyl-17a-acetoxy progesterone, 60 mg; from Dr J. Lauderdale, Upjohn) were inserted and left for 12 days. Gonadotropin treatment (porcine follicle 
stimulating hormone, Burns) began threé days before sponge removal and was continued twice daily (2.5 mg per injection, intramuscular) until the day following sponge 
removal" , At the onset of oestrus, ewes were either hand mated to fertile rams or inseminatéd in utero with 0.2 ml per horn of washed ram semen; 72h after sponge 
removal, one-cell fertilized ova and cleaved ova were surgically collected from the reproductive tracts of anaesthetized ewes by flushing 6 ті Ham's F-10 medium 
containing 10% héat-inactivated fetal calf serum (FCS) from the utero-tubal junction through the cannulated infundibular end of each oviduct. The flushings were 
collected in sterile Petri dishes, and ova were removed under a dissecting scópe. Ova were transferred to fresh Ham's F-10 containing 10% FCS and transported (72.5 h} 
to Philadelphia in temperature-controlled, containers. Microinjection of embryos (641 one-cell, 375 two-cell and 16 four-cell) was performed as previously described’?'4, 
After embryos were injected, they weré washed and transported to Beltsville. Embryos were aspirated into a glass micropipet tip with 10 41 Ham's F-10 and expelled 
1-3 ст into the fimbriated end of the oviduct in synchronized recipient ewes: To assess the effects of transport and microinjection of DNA on egg development, a 
number of recipients bearing control and injected eggs were flushed 8 days following transfer. In recipients in which eggs were recovered, 26% of transported, uninjected 
and 10% of injected sheep eggs developed to blastocysts. Because of the high mortality of transported, injected eggs and the concern of multiple births, 5 or 6 embryos 
were transferred per recipient, B 

$ Mature gilts were superóvulated and bred as previously described". At 18 to 27 h after the expected time of ovulation, gilts were anaesthetized and one cell fertilized 
the oviduct with 20 ml modified BMOC"', Ova were transferred to fresh BMOC and transported to Philadelphia. Microinjection of embryos (316 one:cell, and 1,719 
two-cell) was performed as previously described!^'^. The obscured pronuclei or nuclei or one- and two-cell pig ova were visible after centrifugation for 3 min at 15,000 g. 
Centrifugation of pig ova at this force and length of time has no detectable effect on development". After embryos were injected, they were transported to Beltsville 
~ And transferred to the ovidyets of recipient gilts as previously described'>. To assess the effects of transport and microinjection of DNA on egg development, recipients 
bearing control and injected eggs were flushed 5 days following transfer. Approximately 52% of transported, uninjected and 23% of injected pig eggs developed to 
blastocysts. The pregnancy rate in recipients bearing only injected eggs was 50% while in recipients bearing both injected and control eggs 58% farrowed. 


Table 2 Characteristics of transgenic rabbits, sheep and pigs 





Immuno- Immuno- 
Animal Gene copy hGH mRNA аѕѕауаЫе Animal Gene copy hGH mRNA assayable 
| апа (по. рег (molecules hGH and (no. per (molecules hGH 
Species Sex cell) cell!) (ng ті!) Species sex cell) cell!) (ng ml!) 
Rabbit 59-3* 20 0 Pig 100-3* 4 0 ND 
64-29 18 0 163-4* 140 0 ND 
68-37 28 39 ND 3-28 330 26 Neg. 
68-49 24 0 3-64 490 53 17 
122-99 T 0 7-39 90 12 80 
131-81 88 0 10-49 23 0 Neg. 
157-12 3 0 11-24 1 0 40 
163-34 3 15 250 16-39 3 0 Neg. 
167-59 10 0 16-89 10 18 53 
179-19 16 0 16-94 1 5 65 
179-24 36 0 17-49 3 0 Neg. 
179-59 6 0 18-39 3 6 60 
200-3* 8 920 ND 20-28 2 4 40 
221-1* 40 140 ND 20-88 110 1 2 
223-4* 5 0 21-45 1 2 Neg. 
223-5* 40 0 21-59 1 0 Neg. 
22-19 50 24 56 
Sheep 693-19 1 ND ND 5365 м 4i a 
25-29 17 0 108 
25-49 2 0 Мер 














ЗА 2.6-kb linear fragment of the fusion gene МТ-ҺОН?? containing the mouse MT-I regulator/ promoter fused to hGH'? was injected into fertilized one-cell and 
-two-cell rabbit, sheep and pig eggs. as described for mouse ova'^^, The male or female pronuclei of one-cell ova and both nuclei of two-vell ova were microinjected 
With a 3 ng yt”! solution of DNA in Tris-EDTA buffer'*. The ova were transferred into the oviducts of recipients at the same stage post oéstrus as the donors (see 
"Table 1). Animals without identified gender were either killed as fetuses(*) or were stillborn(*). The number of foreign fusion genes per cell was estimated by extracting 

total nucleic acids from a piece of fetal liver, neonatal ear or tail samples and performing quantitative dot hybridization with a 1.0:kb Prull probe spanning most of 
othe hGH structural gene’? (see Fig. 2). MT-hGH mRNA was measured by solution hybridization with a "7 P-labelled oligonucleotide (mer). For rabbits, either a 
partial hepatectomy was performed. or fetal liver was used. For pigs, the MT-hGH mRNA content of ear or tail samples was quantitated. The concentration of hGH 
was measured in pig plasma obtained shortly after birth and serum from a 9-month-old rabbit: Samples were assayed in duplicate at 2.5 and 10 wl by radioimmunoassay 
“using. a hGH kit provided Бу Dr Raiti (National Hormone and Pituitary Program). The assay did not cross-react with porcine GH but ‘required extra normal rabbit 
serum and anti-rabbit gammaglobulin to quantify hGH in rabbit samples. Pigs with hGH values less than 2 ng ml! at birth were designated negative for hGH. At about 
one month of age, these pigs were also negative for hGH. ND, not determined; Neg, negative for hGH. | 


The key element in our success was the ability to visualize necessary because the opacity of the eggs differed. Although 
pronuclei and nuclei. Microinjection of the MT-hGH gene into both contain dense cytoplasm, centrifugation did not help 
the cytoplasm of 485 pig ova failed to produce DNA integration visualize pronuclei of sheep eggs and IC microscopy did not 
10-42 fetuses. Separate techniques for sheep and pigs were allow nuclear localization in pig ova. Preliminary work indicates 




















78р. 2” Analysis of MT-hGH DNA intro- 
duced into rabbits, pigs and sheep. The diagram 
at the bottom shows the 2.6-kb BstEII/ EcoRI 
DNA fragment isolated from MT-hGH gene 
plasmid 111 that was microinjected'*; the 
"mouse MT-I promoter region is dashed, the 
hGH gene is solid, with the exons indicated as 
; boxes, and the residual pBR322 sequences are 
(dotted. The internal Poull fragment was iso- 
lated, nick-translated and used as a probe for 
“quantitation of genes and Southern blots. 
Panels a, b and c: DNA (5 ug for controls and 
transgenic animals 200-3, 16-8 and 693-1; 1 ug 
mixed with 4 pg of control DNA for 68-3, 221-1 
and 7.3) were digested with the indicated 
restriction. enzymes. (10 units, 6h), electro- 
phoresed on а 1% agarose gel, transferred 
to nitrocellulose and hybridized with the nick- 
coot translated probe, washed and- autoradio- 
"graphed as described previously'5..a' and b, 
“Exposure was 4.5 h; c, 24h. For quantitation 
-of gene copy number, 5 ug of DNA was spotted 
гіп duplicate onto nitrocellulose along with stan- 
‘dards of 0, 0.5, 1, 2 and Sug of human DNA 
mixed with control DNA to make à total of 
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5 wg. d Shows the visualization MT-hGH gene copy number in transgenic pigs. After exposure, the spots were cut out and the radioactivity 


determined in a scintillation counter. Gene copy numbers were calcu 


humans are comparable and that diploid human cells contain 10 genes homologous to the Рои fragment used as probe!®. The results are 


shown in Table 2. 


that these two techniques can be used for ova of other species; 
for example, IC microscopy allowed visualization of pronuclei 
in goat ova (unpublished observations) and centrifugation 
allowed localization of pronuclei in cow ova". Although 
-improvements in integration efficiency should be possible, the 
“techniques have immediate application for both scientific and 
“practical purposes. 
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Haemophilia B, or Christmas disease, is an inherited X-chromo- 
some-linked bleeding disorder caused by a defect in clotting factor 
IX and occurs in about 1 in 30,000 males in the United Kingdom'. 
Injection of factor IX concentrate obtained from blood donors 
allows most patients to be successfully managed. However, because 
of impurities in the factor IX concentrate presently in use, this 
treatment involves some risk of infection by blood-borne viruses 
such as non-A, non-B hepatitis and the virus causing acquired 
immune deficiency syndrome (AIDS). Because of the recent 
concern about the increasing incidence of AIDS amongst 
haemophiliacs, a factor IX preparation derived from a source other 
than blood is desirable. Here, we report that after introduction of 
human factor IX DNA clones! into a rat hepatoma cell line using 
recombinant DNA methods, we were able to isolate small amounts 
of biologically active human factor IX. 

Factor IX is a plasma glycoprotein which has an essential 
role in the middle phase of the intrinsic clotting pathway? where, 
in an activated form, IXa, it interacts with factor VIII, phos- 
pholipid and calcium ions to form a complex that converts factor 
X to Xa. Factor IX is synthesized in liver hepatocytes where it 
undergoes three distinct types of post-translational modification · 
before secretion into the bloodstream as a 415-amino-acid-long, © 
highly modified protein. These modifications are the vitamin 
K-dependent y-carboxylation of 12 glutamic acid residues’, the 
addition of several carbohydrate residues? and ће -hydroxyla- ` 
tion of a single aspartic acid residue’. The first two modifications 
are known to be required for activity of factor IX^*. Because 
of the complex and specialized nature of these modifications, 
it seemed probable that the expression of active factor IX, 
derived from factor IX DNA clones, would be most likely to 
succeed in a hepatic cell or a transformed cell line derived from 
a hepatocyte. None of the standard mammalian hepatoma cell 

















Fig. 1 Map of the expression plasmid pMEVIX/NEO. Restriction sites for EcoRI, 
BamHI and Hindlll are denoted В, B and H, respectively. The factor IX (abbrevi- 
ated FIX) and tk/neo (abbreviated neo) sections are indicated by arrows which 
show the 5'—3' direction of the mRNA transcribed from these genes. pAT153 
sequences are indicated by the narrow solid line, the tk/neo gene by the zig-zag 
line. The factor IX transcription unit, from 5' to 3’, consists of the M-MuLV LTR 
(A), factor IX 5'-noncoding sequence (open wide line), factor IX coding sequence 
(solid wide line), factor IX 3'-noncoding sequence (open wide line) and SV40 
sequences (diagonals). 

Methods. Construction of the plasmid: The region from nucleotides 25 to 93 was 
removed from the factor IX cDNA cVI by digesting cVP (held in the plasmid vector 
pAT153/Pvull/8) with BamHI, followed by ‘filling-in’ the overhanging ends with 
deoxynucleoside triphosphates using the Klenow fragment of DNA polymerase I 
( Escherichia coli). After dephosphorylation with calf intestinal phosphatase, a partial 
digest with EcoRV was performed. EcoRV recognizes the sequence GATATC at 
nucleotides 91-96. А partial digest was necessary because of the presence of an 
additional EcoRV site at nucleotide 508. The resulting linear fragment of —4.9 kb 
was purified by agarose gel electrophoresis. A short (0.1-kb) Tagl/ EcoRV fragment was generated from the factor IX genomic DNA XI? by 
digesting XI (also held in the plasmid vector pAT153/Pvull/8) with Taqi, filling-in the overhanging ends with deoxynucleoside triphosphates 
as before in the presence of tracer amounts of [e> P]dGTP and re-cutting with EcoRV. This labelled fragment, corresponding to nucleotides 
288-386 of the genomic DNA (see Fig. 4 of ref. 3), was separated from other Тад! and EcoRV fragments derived from the plasmid vector 
by 6% acrylamide gel electrophoresis. The 4.9-kb and 0.1-kb fragments were ligated together and cloned in E. coli MC1061. One clone, 
designated p5'G3'cVI, contained the reconstructed factor IX gene corresponding to nucleotides 1-1,572 of the mRNA‘, effectively adding 
nucleotides 1-25 to, and correcting the rearrangement in, the first 15 residues of clone cVI. The clone also contained eight extra nucleotides, 
genomic DNA residues 288-295, derived from the presumed factor IX promoter region. The factor IX DNA insert present in p5'G/3'VI was 
removed by restriction with BamHI and Hindlll and isolated by agarose gel electrophoresis. Construction of the expression vector pMLV/ МЕО: 
pTKMoLTRI (given by Dr J. C. Lang?) containing the M-MuLV LTR and the herpes simplex virus tk gene, was restricted with HindIII and 
BamHI to remove the tk coding sequence. The remainder of the molecule (рАТІ53 and M-MuLV LTR) was purified by agarose gel 
electrophoresis, then used as a vector for cloning of an agarose gel-purified 0.9-kb Bam HI/ Hindlll fragment containing the SV40 small-t 
intron and early gene polyadenylation signal which was derived from pSV1'’ (given by Dr Colman). Recombinants containing the 0.9-kb 
fragment were identified by restriction mapping and one was chosen and designated pMLV. pMLV was restricted with Poul and EcoRI, and 
the EcoRI ends blunt-ended by filling in using the Klenow fragment of DNA polymerase I. The 4.4-kb Prul/ EcoRI fragment containing the 
M-MuLV LTR, SV40 sequences and most of the pAT153 sequences, was purified by agarose gel electrophoresis. The tk/neo gene and part 
of the ampicillin resistance gene (amp')? was purified as a Pvul/ BamHI fragment from the cosmid vector pTM'*. The BamHI end was 
blunt-ended by filling in (see above). This fragment was then ligated to the pMLV-derived Pvul/ EcoRI fragment using T4 DNA ligase and 
recombinants selected on ampicillin. Note that the Pvul site interrupts the amp" gene so that in this ligation the amp" gene was reconstructed 
in part from one fragment and in part from the other. The structure of recombinants was checked by restriction mapping and one clone, 
designated pMLV/NEO, was used in the next stage. The isolated factor IX DNA from stage 1 (above) was ligated into the HindIII site of 
the expression vector pMLV/NEO using T4 DNA ligase and the Klenow fragment of DNA polymerase I. Clones containing the factor ІХ 
DNA insert in the correct orientation were identified by restriction mapping, and one such clone, pMLVIX/NEO, was used for transfection. 


pMLVIZ/NEO 








lines secretes active endogenous factor IX. The rat hepatoma 
line H4-11-E-C3, however, is known to secrete a biologically 
- active form of another vitamin K-dependent clotting factor, 
prothrombin’, indicating the presence of an active y-carboxylase 
system; therefore we chose this cell line for our studies. 

We first constructed. a factor IX expression plasmid (Fig. 1) 
- from previously isolated human complementary DNA and 
genomic clones as follows. A full-length factor IX cDNA clone, 
p5'G/3'cVI, was assembled from the cDNA clone cVI? and a 
small fragment of genomic factor IX sequence encoding the 
S-noncoding sequence of the normal mRNA and the first 
domain of the protein. The resulting cDNA sequence was then 
placed under the transcriptional control of the promoter of the 
long terminal repeat (LTR) of Moloney murine leukaemia virus 

'(M-MuLV). The transcription unit was completed by placing 
the simian virus 40 (SV40) small-t-antigen. intron and early 
polyadenylation signal downstream of the factor IX coding 
sequence. The plasmid also contains the tk/neo gene? in order 
to provide a dominant selectable marker for expression in mam- 
malin cells. In preliminary experiments, we tested the 
"expression plasmid pMLVIX/NEO, by transfecting!? mouse 
fibroblast Ltk” cells and selecting permanent cell lines for resist- 
| ance to the antibiotic G418 (ref. 11). One cell line was character- 
лей in detail and secreted detectable human factor IX in an 
-enzyme-linked immunosorbent assay, but the secreted factor IX 

failed to adsorb to barium sulphate (see Fig. 2 legend and ref. 

12 for assay details). Thus, the expression plasmid was proved 
- functional in. producing a protein. However, as expected, the 

mouse fibroblast cell line lacked the enzymes required for y- 

carboxylation of the N-terminal glutamyl residues of factor IX, 

which are necessary for its biological activity. 

The rat hepatoma line H4-11-E-C3 (see above) was transfected 
"with the factor EX expression plasmid by standard calcium 
phosphate precipitation methodology". Cells containing a func- 
Чопа! tk/ neo. gene were selected for G418 resistance!! and 24 

















of the resultant colonies were cloned by limiting dilution. These... 
permanent cell lines were then grown up and the growth medium © 


of each assayed for the presence of secreted human factor 1Х 


by ELISA (see Fig.2 legend). Four of the cell lines secreted 
detectable levels of factor IX and the highest producer, line 4A, 
was chosen for further analysis. Southern blot analysis indicated 
that there was only one copy of the plasmid integrated into the 
chromosomal DNA per cell (data not shown). Northern blot 
analysis of total cellular RNA derived from line 4A revealed 
the presence of a factor IX mRNA species of —1.6 kilobase 
(kb), which is the expected size of factor IX mRNA. On both 
Southern and Northern blot analysis, no cross-hybridizing ^. 
species were detected in the control hepatic cell line Н4-11-Е-С3 © 
(data not shown). А 

Figure 2 shows the time course of secretion of human factor 
IX by line 4A as measured by a specific, quantitative ELISA 
(see Fig. 2 legend); from this experiment, we estimate the rate 
of secretion of factor IX to be ~6ng per 10’ cells per 24h. 
Furthermore (see Fig. 2), adsorption of the secreted factor IX 
onto barium sulphate", a procedure which depends on the 
y-carboxylation of factor IX, suggests that the protein is y- 
carboxylated. As the recovery of factor IX was not corrected 
for any losses during the experimental procedure, we cannot 
distinguish between the possibility that either about 70% of the 
material has y-carboxyglutamic acid residues or, alternatively, 
that the material is all y-carboxylated and there were losses of 
~30% during recovery of the protein. No factor IX was detect- 
able in lysates of the 4A cells, indicating that there was insig- 
nificant accumulation within the cell. No cross-reacting material 
was detected either in control H4-11-E-C3 conditioned media 
or in cell lysates. 

Table 1 shows the results of a clotting and antigenic analysis 
of a sample of affinity-purified human factor IX from condi- . 
tioned medium of line 4A cells, together with an analysis of a 
parallel control sample of H4-11-E-C3 cells. The purified human 
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Fig. 2 Secretion of human factor IX by clone 4A cells. €, Factor 
IX levels; 6, factor IX recoverable by barium sulphate adsorption; 

(3, degree of confluency. 
Methods. Cells were seeded at 10% confluency in ап 80-cm? flask 
containing 10 ml of minimal essential medium (MEM: 10% fetal 
calf serum containing penicillin, streptomycin, kanamycin and 
100 ng mi^! vitamin К). The medium was changed every 24h and 
„the conditioned medium assayed for human factor IX by ELISA. 
1 The ELISA was done by first binding 0.2 ml of a mouse anti-factor 
“IX monoclonal antibody 3A6'4, diluted 1: 5,000 in 200 mM sodium 
carbonate pH 9.0, to microtitre wells at room temperature for 2 h. 
Samples (150 pl) of conditioned medium were then bound over- 
night at 4°C. The second antibody, 150 pl of rabbit anti-human 
factor IX (Calbiochem-Behring), diluted 1:500 in PBS, 1% NP40 
and 1096 horse serum, was then bound at room temperature for 
2 h. The third antibody, peroxidase-conjugated swine anti-rabbit 
IgG (Dako), was bound in the same manner. The assay was finally 
developed with 0.2 ml of 40mM ABTS (azinodi-(3-ethylbenz- 
thiazole sulphonic acid)-diammonium salt) in 0.008% H,O, in 
50 mM citrate buffer pH 4.0 for 30-45 min. Colour change of the 
solution was measured at 405 nm іп a spectrophotometer. А stan- 
dard curve was constructed using twofold dilutions of normal 
plasma in the range 1077-107? dilution, assuming a concentration 
of 5 ug ml! (ref. 1) for plasma factor IX. Undetectable quantities 
(«0.02 ng ml!) of factor IX were observed in conditioned medium 

from control H4-11-E-C3 cells using ELISA. 


factor IX is active in a one-stage clotting assay", giving 7% of 
“the activity of normal plasma. The control shows only 1% 
activity and this is presumably due to the trace amounts of 
bovine factor IX which were found in both line 4A and control 
samples, as indicated by an ELISA for bovine factor IX antigen 
(see Table 1). Further evidence (Table 1) that the cell line 4A 
is secreting active human factor IX is provided by the inhibitory 
effect of the specific anti-human factor IX monoclonal antibody 
3A6'^ in the clotting assay. Control experiments showed that 
this antibody does not significantly inhibit bovine or rat factor 
IX activity at the concentration used here (data not shown). 
The fact that the activity level (7% of normal plasma) in the 
line 4A sample correlates well with the level of human factor 
"IX antigen (6.8% of normal plasma) suggests that the protein 
is fully active. We conclude that line 4A cells secrete biologically 
“active human factor IX, albeit at a low level. 
We are testing alternative expression plasmids and attempting 
-to isolate improved cell lines which might secrete more factor 
IX; thus facilitating purification of larger amounts of material. 
"This should allow a detailed examination of the properties of 
ће genetically engineered factor IX protein in comparison with 
the plasma protein, and should eventually allow us to start in 
оѓо experiments of the kind necessary for the development and 
"testing of a therapeutic product. For example, it is important 
о determine the half-life and efficacy of the genetically 












Table 1 Analysis of clotting factor IX activity and of human and bovine 
factor IX antigen in purified samples from 4A and H4-11-E-C3 condi- 
tioned media 





















Assay Cell line 4A H4-11-E-C3 
Clotting (?6) 7 1 
Clotting (96)  3A6 antibedy «1 x1 
Human IX antigen (95) 6.8 ND 
Bovine IX antigen 0.8 12 





EMEN PINE: C EA EL 

Factor IX clotting activity (measured. using the one-stage clotting - 
assay". in which factor IX-deficient plasma is used as а substrate), and 
human factor IX antigen (measured by ELISA) are both given as 
percentages of average normal plasma levels. The inhibitory effect of 
the monoclonal antibody 3A6 was measured by preincubation of ће. 
sample to be tested with a final concentration of 2.5% 3A6 ascites fluid 
for 15 min at room temperature. Bovine antigen is given in arbitrary 
units and was assayed by quantitative ELISA as follows. Dilutions of. 
pure bovine factor IX or samples to be assayed were diluted in 200 mM 
sodium bicarbonate, pH 9.0. buffer and dried onto microtitre plates. 
Bovine factor IX was then detected using a polyclonal rabbit anti-bovine . 
factor IX antibody and a peroxidase-conjugated anti-rabbit IgG anti 
body as for the ELISA for human factor IX. The human factor IX 
sample from 1.51 of conditioned media from line 4A cells, and the 
control sample from the same volume of H4-11-E-C3 cells were purified 
by barium citrate adsorption'® and immunoaffinity chromatography. An. 
anti-human factor IX antibody affinity column was prepared by binding ` 
the 3A6 monoclonal antibody (purified from ascites fluid by sodium - 
sulphate precipitation) to the support Affigel 10 (Biorad) using condi»: 
tions recommended by the manufacturer. The sample to be bound was 
passed twice over the column (vol. 0.3 ml) then washed with > 100 vol. 
phosphate-buffered saline (PBS)),.1% Nonidet P-40 (NP40) and a 
similar volume of PBS, 1 M NaCl, 1% NP40. Finally, the column was 
rinsed with 5 vol. PBS, tM NaCl and eluted with 7 M urea, 1 M NaCl, 
and 0.4-ml fractions were collected. The first three fractions were pooled 
and immediately dialysed overnight against 2% PBS at 4 °С, followed. 
by freeze-drying. The samples were finally dissolved in 200 pl H5O. ND, | 
not determined. 



















































engineered product compared with plasma factor IX. A clinical : 
product derived from the cell line described here is therefore. 
not an immediate prospect, but the results reported here rep-. 
resent an important first step in demonstrating the feasiblity of 
this approach. However, we are optimistic that further studies 
in conjunction with work already done on. clotting factor: 
VIII(C)!*!*, will eventually allow the majority of haemophiliacs. 
to be treated with improved virus-free products. 
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G418. We also thank Dr Charles Rizza, Dr Ian Jones and Peter 
Winship for useful discussions, and Barbara Paxman for 
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Atomic temperature factors (B-values) obtained from X-ray refine- 
ment experiments provide empirical estimates of protein mobility 
that have been correlated with both theoretical simulations of 
protein dynamics! and experimental studies of antibody reac- 
tivity™". The comparison of B-values with protein solution proper- 
ties requires adjustment of the apparent atomic mobilities to 
compensate for the effects of the crystal environment^*. Here we 
compare crystallographically independent subunits of the dimeric 
cytochrome c' from the bacterium Rhodospirillum molischianum 
to examine how lattice effects influence refined B-values. In addi- 
tion to local effects on protein mobility at crystal contacts**, we 
show that B-value differences up to 12 A? between subunits result 
from lattice disordering effects that approximate to concerted 
rotations of the molecules about a crystal symmetry axis. 
Ferricytochrome c' from R. molischianum is a dimeric haem 
protein composed of identical 128-residue polypeptide chains. 

The protein crystallizes in the orthorhombic space group 

P2,2,2,(a = 56.6, b = 72.4, с = 75.4 А), with a dimer in the crys- 

tallographic asymmetrical unit’. The structure has been crystal- 

lographically refined to an R-factor of 0.19 for 30,533 reflections 
with F > 20Е to 1.67 A resolution*. Independently refined sub- 
units are related by a non-crystallographic dyad axis with an 

r.m.s. difference between corresponding a-carbon positions of 
0.40 A. Many detailed features of the subunits, including the 
-equivalent situations of some 40 bound solvent molecules per 
monomer, are conserved despite differing environments in the 
crystal lattice. 

Figure 1a,b plots mean residue B-value against sequence 
number for the two subunits of the native dimer. Comparison 
of the subunits yields a correlation coefficient of 0.82. This is 
< similar to values reported for structures determined in different 
crystal forms? and is indicative of the extent to which B-value 
-behaviour may reflect intrinsic protein dynamical properties'^. 
Despite the similarities, monomer B-values differ by up to 30 À? 
locally and by some 6 À? overall (Fig. 1c). These variations 
between chemically identical subunits are attributable to their 
different environments in the crystal lattice. 

Lattice interactions could potentially affect B-value behaviour 
4n a variety of ways?. One result of the intermolecular interac- 
tions formed at crystal contacts is the localized immobilization 
of protein side chains or surface backbone loops. Consequently, 
the B-values of groups involved in such interactions may imply 
local mobilities that are substantially smaller than actually occur 

in solution. Previous studies have correlated the magnitude of 
. such localized effects with solvent-accessible surface area in the 
crystal lattice*!?. Comparison of the mean residue B-values and 
fractional accessible surface areas!! for the individual cyto- 
chrome c' subunits yields correlation coefficients (0.69 and 0.61, 
Вір. 1a, b) comparable to those observed previously?'?. A differ- 
ence plot between monomers (Fig. 1с) shows that B-value and 
accessible area variations frequently correspond to alternative 
lattice contacts made by the two monomers in the asymmetrical 
_ unit. Nevertheless, differences between monomers correlate rela- 
tively poorly (0.35), in part resulting from an average difference 
_ of 6 А? in subunit B-value that is uncorrelated with any overall 
_diflerence in accessible surface area. As shown below, these 
variations reflect a second. type of lattice effect that involves 





* Present address: E. L DuPont de Nemours Experimental Station, Central Research and 
| Development Department: Wilmington, Delaware. 19898, USA. 
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Fig. 1 a, b, Plots of residue B-value averaged over main-chain 
backbone atoms (connected curves), and fractional accessible sur- 
face areas*'' for entire residues in their respective crystal lattice 
environments (bars), against sequence number for crystallographi- 
cally independent subunits of cytochrome c'. c, B-value (solid 
curve) and accessible surface area (bars) difference between sub- 
units. Dots indicate sequence positions of residues that make 
different crystal contacts in the two subunits. 


systematic disordering of molecules relative to crystal symmetry < | 
axes, 


Figure 2 shows the crystal packing geometry and illustrates 


that subunits with sytematically low B-values (cool monomers) 
form continuous lattice interactions along alternate 2-fold screw 
axes parallel to the unit cell c-axis. Hot monomers make native 
dimer interactions with cool monomers aligned along each crys- 
tal screw, together with lattice contacts to cool monomers aligned 
along adjacent c-axis screws (Fig. 2a). Hot monomers interact | 
only with cool monomers and are not in contact with each other | 
in the crystal lattice. The crystal is thus organized as a parallel 
array of native dimer helices that are interconnected through 
hot monomer lattice interactions. This situation raises the possi- 
bility of systematic disordering of the hot monomers relative to 
the cool monomer arrays aligned along the c-axis crystallo- 
graphic screws. 


Figure 3 plots differences in mean B-value (AB) between Uu 
corresponding residues of hot and cool monomers in the native. ^. 


dimer against their difference in radius (AR) from the c-axis 
crystallographic screw. This treatment compensates for vari- 
ations in B-value that may arise from the local structural proper- 


ties of the monomers (for example, extent of local secondary 


structure) and emphasizes differences that vary systematically 
relative to the crystallographic screw axis. The observed correla- 
tion (0.57) between AB and AR for dimer subunits indicates a 
continuous increase in average temperature factor for residues 
progressively more distant from the crystallographic screw. This 
behaviour is consistent with either static or dynamic lattice 
disordering phenomena involving rotational or wobbling dis- 
placements of the dimers relative to the crystal screw axis. The 
average behaviour (Fig. 3) suggests a maximum B-value contri- 
bution of 12 À? at the hot monomer periphery resulting from 
extended lattice disordering effects. Assuming the simplest 
model involving rigid-body displacement of the dimer about the 














Fig. 2 а, Stereoview of the cyto- 
chrome c' crystal packing. Subunits 
(illustrated by a-carbon backbones) 
with lower average B-values (cool, 

-.solid) pack continuously along alter- 
nate 2-fold screws (long dashed) 
parallel to the unit cell (outlined) 
c-axis. Hot (dashed) monomers hold 
the lattice together by making native 

“dimer (bold) interactions with each 
cool monomer array and lattice con- 

facts with cool monomer arrays on 

‘adjacent screws. b Shows how the 
systematic . B-value differences 
between monomers could reflect 
státic or dynamic disordering involv- 
ing rigid-body displacements of the 
molecular arrays about the c-axis 
screws. The observed B-value differ- 
ence of 12 A? at the hot monomer 
periphery (Fig. 3) suggests an axial 
rotation. of 1.2? that produces a 
maximum displacement. U = 0.7 A, 

= where U? « 3 B/8«7. The figure illus- 

“trates the superimposed effects of a 

‘rigid body rotation about the c-axis 
crystallographic screw that has been 
exaggerated by a factor of 3 for 

clarity. 


crystallographic screw yields a corresponding r.m.s. amplitude 
of 0.7 À (Fig. 2b). 
The preceding experiment shows that observed differences in 
subunit B-factor behaviour in cytochrome c' result from a super- 
position of localized lattice packing effects that correlate with 
accessible surface area, and long-range disordering phenomena 
that reflect the extended pattern of molecular interactions in the 
crystal lattice. In the present case, the apparent motion may be 
related to a low-frequency vibrational mode of the V-shaped 
dimer, as suggested by the correlation (0.40) of monomer 
B-values with distance to the molecular dyad axis. Such concer- 
ted molecular flexing could. produce the observed overall B- 
‘value behaviour, assuming that the cool monomers are relatively 
constrained in their aligned orientations along the c-axis crys- 
tallographic screws. 
The comparison of protein structures determined in different 
crystal environments provides a basis for correcting B-values 
to account for the localized immobilizations that occur at crystal 
«Contacts ^, and thus allows estimates of protein dynamic flexibil- 
ity in solution. Nevertheless, it is clear that extended lattice 
_ disordering effects, which may be unrelated to protein solution 
dynamics, can make comparable contributions to refined crys- 
| tallographic B-values. It is anticipated that similar effects could 
_ occur in other high-resolution crystal structure determinations. 

However, such lattice effects could go unrecognized in the 
"general case where the crystal asymmetrical unit contains only 
^a monomer. In this case, the potentially non-uniform contribu- 
“tions to B-values from lattice disordering would be erroneously 






















( 
S 


р-а 


[L4 
Vu SE. 
e at 














| NES 

















301 = | 
| М | 
i . * | 
204 | 
| . | 
m д | 
of * i 
м 4 4 Ө ? ә | 
3 . . "me 2 | 
` *. | 
. s | 
БАС | 
. | 
b | 
е | 
° A | 
| =ч ын 
“5 0 5 15 25 35 
AR (А) 


Fig. 3 Plot of the difference in mean backbone B-value (AB): 
between cotresponding residues of the cytochrome c' subunits 
against their difference in radial distance (AR) from the crystal 
screw on which the cool monomers are aligned. The least-squares 
line suggests that the component varying systematically with AR 
contributes up to 12 А? to the B-values of residues furthest from 
the crystal screw. Large deviations from the least-squares line 
correspond to residues forming different crystal contacts in the 
two monomer environments. 














attributed to localized protein flexibility in solution. The signific- 
ance attached to protein B-values, both in theoretical studies 
of protein dynamics’ and practical applications of medical 


importance*”, justifies continued efforts at developing new theo- 
retical and crystallographic refinement methods that can simu- 
late crystal lattice effects. 
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Table 1 Physicochemical and biochemical properties of HSP48 and 
yeast enolase 

HSP48 Enolase 
Sedimentation coefficient (539 „) 5.38 6.05* 
Stokes radius (A) 36.5 36.27 
M, from 55, „ and Stokes radius 90,000 96,000 
M, ftom sedimentation equilibrium 84,000 88,000* 
M, from SDS-PAGE 48,000 48,000* 
Enolase specific activity 69 +1 68+1 





Enolase activity was determined by monitoring the increasing rate 
of absorption at 240 пт at 25°C as a result. of conversion of 
DÍ + )2-phosphoglyceric acid (PGA) to phosphoenolpyruvate (РЕР). 
Standard assay buffer consisted of 50 mM Tris-HCl (рН 7.8 at 25 °С), 
2.7 mM magnesium acetate, 0.01 mM EDTA and 1.2 mM PGA. Specific ~ 
activity is defined as the conversion of 1 ито! РСА to PEP per min per 
mg protein. Yeast enolase was a product of Oriental Yeast Co. Ltd, 
Tokyo. 


* Data from ref. 21; + data from ref. 22. 





Table 2 Amino-acid composition of HSP48 and yeast enolase 
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Exposure of cells or tissues of various living organisms to elevated 
temperatures induces the synthesis of a family of specific proteins 
called heat-shock proteins (HSPs)'^. This phenomenon has so 
far been investigated mostly with respect to the induction mechan- 
ism. of these HSPs**. However, little is known about the function 
of such proteins, although it has been suggested that they are 
* involved in the acquisition of thermal tolerance’. We have recently 
` suggested that a specific class of HSPs may function as negatively 
regulatory molecules in the growth of eukaryotic cells”, and that 
a HSP of relative molecular mass (M,) 48,000 (HSP48) from the 
с yeast Saccharomyces cerevisiae may be involved in both thermal 
-tolerance and growth control in this organism". We now present 
‘evidence that S. cerevisiae HSP48 is an isoprotein of a glycolytic 
"enzyme, enolase (EC 4.2.1.11). This unexpected finding may pro- 
vide new insight into the role of the protein in the acquisition of 
thermal tolerance and growth control. 
In S. cerevisiae, 6 ош of 13 HSPs, including HSP48, are 
< durably induced when cells are induced to enter the resting state 
of the cell cycle, Ga (ref. 7). These Со yeast cells are much more 
resistant to heat shock than are growing cells, probably because 
of the accumulation of some or all of the above six HSPs. 
Induction of certain HSPs was also found with cultured cells 
of higher eukaryotes when they were arrested in Gy (ref. 7). 
Furthermore, we have isolated a heat-shock-resistant mutant of 
the yeast which is defective in the HSR1 gene and which 
constitutively synthesizes six proteins, including two isoforms 
of HSP48 (ref. 8). The hsr? mutant reveals unusual properties 
- involved in growth control, in addition to the selected property 
that it is —1,000-fold more resistant to lethal heat shock than 
the parental НЅКІ strain”. Because HSP48 is the only protein 
that is commonly induced in both growing hsr1 cells and pre- 
heated or Go-arrested HSRI cells, all of which are highly heat- 
shock resistant, we believe that HSP48 is responsible for the 
heat-resistance associated with these cells*. This is compatible 
with previous findings indicating that neither the products of 
the amplified HSP90 genes? nor those of the two cloned genes 
of the HSP70 Гапу! are directly involved in the acquisition 
of resistance to lethal heat shock. 





HSP48 Yeast enolase 
Asx 11.7 11.6 
Thr 4.8 4.7 
Ser 6.5 72 
Glx 8.2 79 
Pro 3.5 3.5 
Gly 8.8 8.6 
Ala 13.3 12.8 
Val 74 7.9 
Met 1.1 1.2 
Ile 5.3 5.1 
Leu 9.7 9.3 
Tyr 24 21 
Phe 3.7 3.7 
His 2.4 2.6 
Lys 8.2 8.6 
Arg 3.2 3.3 





Values are represented in mol%. Purified HSP48 was resolved in. _ 
7.5% SDS-PAGE". The gel was not fixed or stained. Gel slices contain- 
ing HSP48 were incubated in 0.02% SDS solution (1.0 ml per ст? gel). 


to elute the protein, and the elution was repeated. The combined eluates. |. 


were extensively dialysed against distilled water for 2 days and lyophil- 
ized. The protein was hydrolysed in 6 M НСІ at 110°C in vacuo for... 
22 hand 70 hand analysed in an automatic amino-acid analyser (Hitachi ©: 
model 835, Hitachi). Amino-acid composition of yeast enolase (peptide 
1) was calculated from the amino-acid sequence of this protein deduced: 


from the nucleotide sequence of the complementary DNA". Cys and. 


Trp residues were omitted from the above calculation as we did not 


determine the content of Cys or Trp in HSP48. 


To elucidate the function of HSP48, extracts of yeast cells 
in the stationary phase underwent four successive purification. 
steps and HSP48 was purified to. homogeneity (see Fig. 1. 
legend). Purified HSP48 is composed: of two isoforms, 
HSP48A (acidic form) and HSP48B (basic form){ Fig. 1A), 
as we have shown previously"? by two-dimensional non- equili- 
brium pH gradient electrophoresis/SDS- polyacrylamide gel 
electrophoresis ( NEPHGE/SDS- PAGE) of "S-methionine- 
labelled cells. Peptide mapping confirmed that the purified pro- 
tein is identical to *°S-methionine-labelled HSP48 (Fig. 1B). 

We determined the N-terminal 23 amino acids of the purified 
HSP48 on a gas phase sequencer (Fig. 2). Using the Dayhoff 
protein sequence bank! to compare the sequence with those of 
other proteins, we found that the N-terminal 23 amino-acid 
sequence of HSP48 is identical to the corresponding sequence 
of yeast enolase (Fig. 2). In addition, physicochemical properties 
(Table 1) and amino-acid composition (Table 2) of the purified 
HSP48 were essentially the same as those of yeast enolase. = 
Furthermore, the specific activity of the enolase in the purified 
HSP48 protein was the same as that of the authentic t 
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Fig. 1 A, Two-dimensional gel electrophoresis of 
purified yeast HSP48 (5 ир). B, peptide mapping of 
purified HSP48 (lane a) and 355 methionine-labelled 
HSP48B recovered from the corresponding spot in a 
two-dimensional gel (lane b). 

Methods. A, Isolation of HSP48: Cells of strain X2180- 
1A (ref. 6) were grown to stationary phase at 23 °С 
with aeration іп 5010 medium? in two 2.5-1 batches 
a x 10° cells per ml), after which the cultures were 
incubated for 24h in the same conditions. After chil- 
ling the cell suspensions, we collected the cells by 
centrifugation at 4 °C at 5,000 r.p.m., and washed them 
once with 0.05 M Tris-HCl ( pH 7.9 at 4°C). The pel- 
leted cells were 35 g in wet weight, and were stored at 
~80°C until use. Half of the frozen cells were thawed 
and suspended in 20 ml of buffer A (0.05 M Tris-HCl, 
pH7.9 at 4°C, 0.00 M MgCl, 0.01 M 2-mercap- 
toethanol, 0.1 mM EDTA, 0.25 M mannitol, 1 mM 
phenylmethylsulphonyl fluoride), after which they 
were homogenized at 4°C with 120 g of 0.5-mm glass 
beads ій a Universal Homogenizer (Nihon Seiki 
Seisakusho Co., Tokyo) for 3 x2 min. The homogenate 
was centrifuged at 5,000 r.p.m. at 4°C for 5 min, after 
which the resulting pellet was again homogenized and x 
centrifuged. The supernatants were combined (58 ml) a 
and centrifuged at 35,000 r.p.m. in a Beckman Type 

35 rotor (Beckman Japan) for 2h at 4°C. The super- 

natant containing most of the HSP48 was dialysed twice against 21 of buffer B (0.05 M Tris-HCl, pH 8.8 at 4°C, 0:01 M 2-mercaptoethanol, 1 mM MgCl), 0.1 mM 
EDTA, 0.02 M NaCl) for 24h at 4°C, and applied to a DEAE-cellulose (Watman DES2) column (3 x24 cm) equilibrated in buffer B. HSP48 was recovered in 
the flow-through fractions in buffer B. The fractions were combined and dialysed twice against buffer C (0.01 M sodium phosphate, pH 5.5 at 4°C, 0.01 M 
2-mercaptoethanol, 1 mM MgCl;, 0.1 mM EDTA) for 20h, and applied to a CM-Sepharose CL-6B column (1.4 x 20 cm) equilibrated with buffer C. HSP48 was 
recovered in flow-through fractions. One-tenth of the combined fractions containing HSP48 was loaded onto a Sephacryl S-200 column (1.5 x 75 ст) equilibrated 
with buffer D (0.01 M sodium phosphate, pH 6.0 at 4°C, 0.01 M 2-mercaptoethanol, 1 mM MgCl;, 0.1 mM EDTA) and eluted at a flow rate of 10 ml h^ '. HSP48 
was eluted in a single peak and found to be purified to 99% homogeneity as judged by SDS-PAGE. The HSP48 content of fractions obtained during the purification 
was determined by densitometry after one-dimensional and two-dimensional SDS-PAGE. About 15-19 mg of purified HSP48 was reproducibly obtained from 
17.5 р (wet weight) of yeast cells in the stationary phase with the recovery of 65%. Two-dimensional gel electrophoresis: The purified HSP48 was lyophilized, 
dissolved in the O'Farrell lysis buffer, and resolved by NEPHGE™, followed by second-dimension electrophoresis in 11% SDS-PAGE", The gels were stained 
with Coomassie brilliant blue. M, (Bio-Rad) and isoelectric point (BDH) markers were used". B, Cells grown in the stationary phase in synthetic medium (6.7 gt! 
Bacto yeast nitrogen base without amino acids, 10817 succinic acid, 6g1^' NaOH, 221°! glucose) were pulse-labeled with 10 Ci ml”! 1-°°S-methionine 
(1,200 Ci/mmol, Amersham Japan) at 23 °C for 10 min, and chased for 3 min by the addition of non-radioactive methionine to.0.5 mg ml~'. The whole-cell extracts 
were resolved by two-dimensional NEPHGE/SDS-PAGE. *°S-Methionine-labelled HSP48B, cut out from the corresponding spot in the gel, and purified HSP48 
(5 wg) were separately subjected to peptide mapping with Staphylococcus aureus V8 protease (5 ng for each) according to the method of Cleveland et al. Lane 
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a, digested products of purified HSP48 stained with Coomassie brilliant blue: lane b, digested products of "S-methionine-labelled HSP48B revealed by fluorography. 


We have previously shown that HSP48A and HSP48B give similar peptide mapping results 


enolase (Table 1). Lastly, a rabbit antiserum directed against 
yeast HSP48 reacted to authentic yeast enolase (Fig. 3A). From 
these results, we conclude that yeast HSP48 is enolase. 

Searching for further homology between the partial amino- 
acid sequence of HSP48 and other proteins, we found that the 
23 amino-acid N-terminal sequence of HSP48 and the N. 
terminal 41 amino-acid sequence of yeast enolase" were similar 
in part to the most extensive homologous region" found in 
Drosophila HSP70, yeast HSP70 and in the Escherichia coli 
heat-shock dnaK protein (Fig. 2). This partial homology sug- 
gests an evolutionary relationship between enolase and the 
HSP70 family. The possibility that enolase and the HSP70 family 
share a common function (for example, an interaction with the 
substrate of enolase) remains to be investigated. 

An immune blot analysis of total yeast-cell proteins showed 
that two proteins, HSP48 and another protein of M, 47,000 
(p47), reacted with anti-HSP48 serum (Fig. 3A). Peptide map- 
ping indicated that HSP48 and p47 are quite similar (Fig. 3B), 
suggesting that the latter is another isoprotein of enolase. Unlike 
HSP48, the synthesis rate of p47 was not significantly altered 


Fig. 2 Comparison of amino-acid sequences 
of HSP48, yeast enolase and possibly related 
heat-shock proteins. The sequences of yeast 
HSP48 (residues 1-23), yeast enolase (Residues 
1-41), yeast HSP70 (the YG100 gene product, 
residues — 140-180)", Drosophila | HSP70 
(residues 139-179)? and E. coli dnaK protein 
(residues 138-178)" are aligned to show the 
maximum homology among these proteins. 
Numbers on the left indicate the position of the 


Yeast hsp48 
Yeast enolase 
Yeast hsp70 
Drosophila hsp70 


E. coli dnaK protein 
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by heat shock or growth arrest (Fig. 3C). S. cerevisiae contains 
two non-tandemly repeated enolase structural genes, designated 
ENOI and ENO2 (ref. 12). Enolase 2 polypeptide, the product 
of ENO2, migrates fasterthan enolase 1 polypeptide, the product 
of ENOI, in SDS-PAGE and the contents of the two enolase 
polypeptides differ with the growth conditions'*. We found that 
the levels of HSP48 and p47 present in cells grown in media 
containing various carbon sources were quantitatively different 
(data not shown). Because of this and because of similarities 
in relative molecular mass, we conclude that HSP48 and p47 
are identical to enolase 1 and enolase 2, respectively. 

As is the case for HSP48 (HSP48A and HSP48B), p47 is also 
composed of two isoforms (Fig. 3C). The relative amounts of 
the two isoforms in each of the two proteins also differ for cells 
grown in different conditions’, and it is possible that the enolase 
activities associated with these isoforms and their intracellular 
distribution also differ. Thus, the differential expression of the 
two enolase genes and the differential processing of their prod- 
ucts probably have biological significance. Indeed, differential 
expression of mammalian enolase isoproteins has been observed 
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residue in the molecule. Shading indicates homology. Asterisks indicate conservative amino-acid substitutions as defined by Schwartz and 
Dayhoff”. Dots indicate residues which have not been experimentally determined. — Indicates a space added to maximize the homology. 
Methods. An aliquot of purified HSP48 was dialysed against 1 mM ammonium bicarbonate, lyophilized and dissolved in 1% trifluoroacetic 






::acid. Amino-acid sequence results were obtained by using a protein sequencer (Model 470A; Applied Biosystems). 
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Fig. 3 A, Immune blotting of yeast whole-cell extracts and authentic yeast enolase with anti-yeast HSP48 antibody. Purified HSP48 (lanes 
a, b), yeast enolase (lanes c, d) and extracts of X2180-1A cells in the stationary phase (lanes e-g) were resolved in SDS-PAGE and 
electrophoretically transferred to a nitrocellulose sheet. The sheet was stripped and strips were separately incubated with 1:500 diluted rabbit 
yeast anti-HSP48 antiserum (lanes b, c, f) and preimmune rabbit serum (lane g), followed by incubation with peroxidase-conjugated goat 
anti-rabbit IgG (Cappel). A strip was stained with Auro Dye (Janssen) (lanes a, d, e). B, Peptide mapping of HSP48 and p47. The spots of 
*58.methionine-labelled HSP48 (lane a) and p47 (lane b) were subjected to peptide mapping with S. aureus V8 protease as described in Fig. 
1 legend. C, synthesis rate and content of HSP48 and p47 in heat-shocked or Go-arrested yeast cells. a, e, Exponentially growing X2180-1A 
cells at 23 °С in synthetic complete medium; b, f, heat-shocked cells at 36°C for 1 h; с, g, cells kept in stationary phase for 24h; d, h, cells 
starved of sulphur for 24 h by incubation in sulphur-free medium’. The cells in each of the above cultures were pulse-labelled with 5S-methionine 
and chased as described in Fig. 1 legend. The whole proteins (25 ug each) extracted from these labelled cells were analysed in two-dimensional 
gel electrophoresis as described for Fig. 1. Protein spots were revealed by autoradiography (a-d) and staining (е-й). A pair of arrowheads 
indicate p47A (left; acidic form) and p47B (right; basic form). A pair of arrows indicate HSP48A (left) and HSP48B (right). 


during differentiation and maturation of neurones and terato- 
carcinoma and neuroblastoma cell lines!^*!*. 

The expression of the enolase genes seems to be regulated by 
many systems. First, it depends on carbon sources in the media". 
Second, we have shown previously that the HSR1 gene nega- 
tively regulates the synthesis of six proteins—HSP48A, HSP48B, 
two Gy-induced proteins (p73 and p56) and two unidentified 
proteins (p63 and p60)*. Third, exposure of HSRI cells to mild 
heat shock increases the synthesis rates of the two HSP48s and 
of other HSPs’. Finally, hsr1 cells starved of sulphur or arrested 
in the stationary phase synthesize HSP48A, HSP48B, p73 and 
p56 at higher rates than do exponentially growing Asr! cells", 
These results suggest that the synthesis rate of HSP48 (enolase 
1) is affected by at least three factors, the HSRI gene, growth 
conditions and heat shock, although these factors may partly 
overlap. In agreement with our results, McAlister and Holland 
have noted that the content of enolase 1, but not of enolase 2, 
is significantly increased in yeast cells grown to the stationary 
phase'*, 

Finally, the question arises of whether HSP48 functions solely 
as a glycolytic enzyme when it is involved in growth control 
and in protecting yeast cells from lethal heat shock. The synthesis 
of other glycolytic enzymes linked to enolase, such as glycer- 
aldehyde 3-phosphate dehydrogenase or pyruvate kinase, is not 
significantly altered in hsr] cells or when HSRI1 cells are pre- 
heated by 36 *C (ref. 19 and our unpublished observation). This 
result is consistent with the hypothesis that the heat-shock 
resistance acquired by the hsr? mutation and heat pretreatment 
may be ascribed to some function associated with HSP48 other 
than enolase activity. Analysis of the intracellular distribution 
and molecular interactions of HSP48 (enolase 1) with other 
molecules, especially in comparison with p47 (enolase 2), should 
provide more direct evidence. 
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Erratum О 
Colour, albedo and nucleus size of Halley’s comet 


D. P. Cruikshank, W. K. Hartmann & D. J. Tholen 
Nature 315, 122-124 (1985). 





ON page 122, column 1, line 3 of the first paragraph should 
contain the values J (1.25 рт) and V (0.55 pm). | 
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Retroviral protease-like 
sequence in the i 
yeast transposon Ty 


RECENTLY, Mellor et al.' determined the 
nucleotide sequence of the 5’-terminal 
portion of the yeast transposon Ty1 and 
identified two open reading frames, ORF1 
and ORF2, which are in the same relative 
positions as the gag and pol coding 
sequences in retroviruses. In addition, 
they showed that Ty/ produces a fusion 
protein by a specific frameshifting process 
similar to that used by retroviruses. We 
have shown that retroviruses, cauliflower 
mosaic virus (CaMV), Drosophila copia- 
like element 17.6 and Syrian hamster 
intracisternal A-type particle (IAP) con- 
tain sequences homologous to the gag- 
specific protease p15 of Rous sarcoma 
virus (RSV) in the same relative posi- 
tions**. Furthermore, these p15-related 
sequences contain a highly conserved 
stretch of amino acids which shows a close 
similarity with sequences around the 
active-site amino acids Asp-Thr-Gly of the 
acid protease family, suggesting that they 
possess a similar activity to that of acid 
proteases”. 

A computer-assisted search for ho- 
mology has revealed the presence of the 








Fig. 1 Maps of homology between pro- 
tease regions of reverse transcriptase- 
containing viruses and ‘transposons: a, 
Tyl, b, CaMV; c 176; d, M-MuLV, 
e, RSV; f, IAP; g, HTLV-I (human adult 
T-cell leukaemia virus). Homologous seg- 
ments are linked by slanted lines. No open 
reading frames are assigned between gag 
and pol in HTLV-I. Data' were taken from 
ref 2 for b-e and р, and from ref. 3 for f. 
AS, the region showing a close sequence 
similanty with active-site amino acids of 
the acid protease family 
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Table 1 Amino-acid sequence comparison between p15-related proteases and pepsin-related 
acid proteases 





Yiral protease 
Ty! ORF2 
CaMV ORF5 
17.6 ORF2 
M-MuLY pol 
RSV gag р15 
IAP ORF3 
HTLV (gag -ро/) 
Acid protease (C-terminal) 
Pepsinogen (human) 
(porcine) 
Prochymosin (bovine) 
Penicillopepsin 
Renin (mouse) 
(human) 
Acid protease (N-terminal) 
Pepsinogen (human) 
(bovine) 
(porcine) 
Prochymosin (bovine) 
Penicillopepsin 
Renin (mouse) 
(human) 


GHLLL-DSGASRTLIRS 
LHCFV-DIGASLCIA-S 
LKCLI-DTGSTVNMT-S 
YTFLY-DTGAQHSVL-T 
ITALL-DSGADITII-S 
FEGIM-DSGADKSII-S 
IEALL-DTGADMTVL-P 
* 


CQAIV-DTGTSLL TG-P 

CQAIV-DTGTSLLTG-P 

CQAIL-DTGTSKLVG-P 

FSGIA-DTGTTLLLL-B 

CEVYV-DTGSSFISA-P 

CLALY-DTGASYISG-S 
* 


DFTVYFDTGSSNLWY-P 
DFTVIFDTGSSNLWY-P 
DFTVIFDTGSSNLWV-P 
EFTVLFDTGSSOFWV-P 
TLNLNFDTGSADLWV-F 
TFKVMFDTGSANLWV-P 
TFKVVFDTGSSNVWV-P 


As pepsin-related proteases consist of two topologically similar domains and two active-site 
aspartic acids, the amino-acid sequences around the two active sites were aligned between the 
N- and C-terminal halves. Bold type indicates amino acids that are identical or chemically similar 
among 18 sequences (9096) out of 20 at each position. Gaps(-) were inserted to increase sequence 
similanty. * Active sites of acid protease family For sequence data, see refs 2 and 3. 


pl15-related sequence in the ORF2 of Ty1 
(Fig. 1, Table 1). Thus, the N-terminal 
portion of the ORF2 product may have an 
activity similar to that of acid proteases. 
Such a widespread occurrence of the 
protease sequence suggests that it is vital 
for these viruses and transposons. Mellor 
et al. suggested that the fusion protein is 
processed proteolytically'; the ORF2- 
coded protease may be involved in this 
processing. The relative positions of the 
conserved segments are almost the same 
among Tył, CaMV, 17.6 and Moloney 
murine leukaemia virus (M-MuLV) (Fig. 
1) suggesting that the observed ho- 
mologies are the result of divergence, not 
convergence. This also supports the notion 
that the ORF2 corresponds to pol in retro- 
viruses’, and thus the reverse transcriptase 
coding sequence, which is highly 
homologous among reverse transcriptase- 
containing viruses and transposons”, 
probably lies in a region immediately 
downstream from the protease region. 
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MELLOR ET AL REPLY—WE thank Toh 
et al. for their interest in our paper! and 
for pointing out the homology with acid 
proteases at the beginning of ORF2 in 
Ty1-15. We would lke to add that in 
pulse-chase experiments the protein, 
pl(Ty1~-15), encoded by ORFI in Ty1-15 
seems to be processed, presumably by pro- 
teolytic cleavage. Furthermore, we have 
recently identified a candidate for the 
‘natural’ product of ORF1/ORF2 fusion. 
This protein, p3(Ty1-15), has a relative 
molecular mass of 190,000 and can be seen 
only in short pulse-labelling experiments. 
Like p1(Ty1-15), therefore, it also appears 
to be proteolytically cleaved. We have 
observed four possible cleavage products 
and their relationships with р1(Ту1-15) 
and p3(Ty1-15) are presently being estab- 
lished. The ‘processing’ of p1(Ty1~15) is 
dependent on the expression of ORF2, a 
result that is consistent with the processing 
protease being encoded within this region 
and therefore in agreement with the 
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observations of Toh et al. The interre- 
lationships of Ty proteins will be reported 
elsewhere’. 
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Forest succession 


MOST forest ecologists will agree with the 
conclusion of Finegan! that in real forests, 
succession commonly has characteristics 
of both the contrasting models he has 
described: a ‘holistic’ facilitation model 
where successive species replace each 
other and a ‘reductionist’ model where all 
species arrive at the outset. 

Finegan is wrong, however, to say that 
no direct studies have been made of forest 
succession. Many studies do indeed rely 
on contemporaneous observations of for- 
est patches of purportedly known age and 
history, but 1n the Eastern tropical rain- 
forests there have been four studies of 
forest patches through time which clearly 
illustrate various departures from the two 
paradigms These studies, originally 
reported in the specialist forestry 
hterature, were used in the analysis of 
dynamic processes in a general account of 
the Eastern rainforests’. 

At Kepong, Malaysia, forest on an 
abandoned field has been monitored since 
1947?. Here, the flora changed little 
between 1949 and 1960 because of a fern 
blanket, which was eventually shaded out, 
so from 1960 to 1976 there was a marked 
change, though climax species were still 
scarce. At Sungai Kroh, Malaysia, a 
similar succession was monitored for 17 
years from 1946 to 1963 *. Here, some tree 
species, including the dominant species, 
were present throughout while others pro- 
gressively arrived. No fern blanket 
developed. At Sungai Menyala, Malaysia, 
a secondary forest established in 1917 has 
been monitored since 19477? ; here spas- 
modic floristic change is still occurring. 
After natural catastrophic destruction by 
repeated cyclones, succession at Kolom- 
bangara in the Solomon Islands has been 
under observation since 1964, and ana- 
lysed for the first 6.6 years^?. The latter 
two studies also include areas of 'climax' 
forest which are showing ‘cyclic replace- 
ment" (rather than ‘directional change in 
time’ as Finegan? defines sucoession) 
much more rapid than suggested by con- 
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ventional wisdom about the stability of 
primary equatorial forests. Finegan 


excluded cyclic replacement from his dis- 
cussion. It does not involve directional 
change in time and is the process whereby 
climax ecosystems are maintained in the 
absence of catastrophic destruction. (The 
latter is followed by ‘secondary’ suc- 
cession (as it is usually termed) back to 
climax.) Cyclic replacement is occurmng 
at Sungai Menyala. 

At Kolombangara island, the north- 
coast forests are believed to be repeatedly 
destroyed by cyclones; they show suc- 
cession as discussed by Finegan. The 
west-coast forests, by contrast, are outside 
the influence of cyclones and show cyclic 
replacement Sungai  Menyala and 
Kolombangara demonstrate the value of 
long-term studies, and in fact these studies 
have continued longer than any others in 
climax tropical forest. The Kolombangara 
study includes the monitoring of recruit- 
ment, growth and mortality of seedlings 
of the 12 main large tree species and how 
these are influenced by different amounts 
of leafy canopy overlying them. For these 
species the total population is being 
monitored and the resultant understand- 
ing of their autecology has aided the 
analysis of the contrasting dynamics of 
successional (north-coast) forests and 
cyclically replacing (west-coast) forests. 
So far, nine sets of observations over 6.6 
years have been analysed, and a further 
analysis is planned to start in 1986, cover- 
ing another three sets of observations to 
21 years. Both the Kolombangara and 
Sungai Menyala forests are under threat 
of conversion to more lucrative land-use, 
the much-discussed fate of many tropical 
rainforests, despite the contribution they 
have made to ecological understanding of 
forests?*-!!, which itself underpins silvi- 
culture. The longer the studies continue, 
the more they reveal. 
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FINEGAN REPLIES—I thank Whitmore 
for pointing out this gap in my review’. 
The studies he cites are interesting and 
illuminating and deserve a wider audience 


(although I was unable to find Whitmore's 
ref. 5 and am unable to comment on it) 

One point concerning long-term studies 
is worth making here. Two of those cited 
by Whitmore^? provide structural and 
floristic description only, and therefore 
cast very little light on the mechanisms of 
the successions which are clearly occur- 
ring. Measures of species abundance 
against time can be used to support almost 
any mechanistic model of succession, 
from the initial floristic composition ideal 
to a number of composite processes, as 
shown in my Fig. 4'. No amount of 
description, whether inferred or obtained 
directly, will overcome this problem; 
hence the last paragraph of the review. 
Whitmore's studies at Kolombangara 
exemplify the sort of approach which is 
needed*, 

I did not discuss cyclic replacement 
because there 1s a clear ecological basis 
for separating this process from the suc- 
cessions 1 review, involving differences in 
initial environmental conditions and 
sources of colonizing individuals. As 
Whitmore himself has pointed out, pion- 
eer trees participate only infrequently in 
cyclic replacement patterns^?. I should 
have restricted my formal definition of 
succession by referring to processes 
occurring in cleared areas large enough to 
permit the establishment of a vegetation 
dominated physiognomically by pioneer 
trees. 
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Matters Arising 


Matters Arising 1s meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Ansing 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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currently available monoclonal antibodies. 


0471 90532 1 368рр November’84 (paper) £25.00 


THE LUTEAL PHASE 


edited by S.L. Jeffcoate, Department of Biochemical 
Endocrinology, Chelsea Hospital for Women, London 


The luteal phase is the time after ovulatton, when the steroid 
hormones from the corpus luteum prepare the uterine 
endometrium to receive and nurture a blastocyst. This volume 
thus carries on from the point where the previous volume in the 
series — on follicular development and ovulation — ended. As іп 
previous books in the series, the physiological and biochemical 
background is covered in the early chapters. Later chapters deal 
with abnormalities of the luteal phase and infertility; finally, 
current approaches to contraception in the luteal phase are 
described. 


Wiley series on Current Topics in Reproductive Endocrinology, 
Volume 4. 


0471 906123 136pp May'85 £21.00 


Different assay systems are described using monoclonal, 
oligoclonal or polyclonal antibodies, in the context of alternative 
solid phases, end points (visual or quantitative) and instrumen- 
tation (for example, radioluminometry, spectrophotometry and 
time-resolved fluorometry). 

0471 906697 £28.00 


256pp May'85 


ANTICOAGULANTS AND MYOCARDIAL 


INFARCTION A Reappraisal 


edited by Т.М. Meade, MRC Epidemiology and Medical Care 
Unit, Northwick Park Hospital, Harrow 


The main purpose of this book is to review the evidence on the 
use of anticoagulants. This evidence — pathological, clinical and 
epidemiological — 15 complemented by accounts of the 
biochemistry of the coagulation system, and of the pharmacology 
of anticoagulants. The book identifies the issues which are still not 
fully resolved, and the topics which many of the experts in the 
field continue to debate. This book should be viewed not as a 
comprehensive handbock of anticoagulant treatment (though 
several chapters naturally deal with issues which frequently arise 
in clinical practice) but rather as a summary of the new 
information which justifies a reappraisal of the whole. 


0471 90442 2 284pp November'84 


SCREENING AND MONITORING OF 
CANCER 


edited by B.A. Stoll, St Thomas’ Hospital and Royal Free Hospital, 
London 


£28.50 


Recent advances in the ciagnosis of malignant and premalignant 
lesions include the use of biological and biochemical markers, 
new imaging techniques, greater resolution of chemical change 
їп tissue, and improved techniques in cytological and 
nucleoprotein measurement. This book aims to evaluate the 
likely impact of these new developments on screening and 
monitoring in solid cancer, and to set out the current state of the 
art. It contains a great deal of information on the subject of cancer 
screening and monitoring, much of which would otherwise be 
very difficult to locate because of its diverse nature. It provides an 
up-to-date and detailed overview of the subject for all clinicians 
involved in the management of cancer patients. 


Wiley series on New Harizons in Oncology, Volume 4. 
0471 90483 X 454pp January'85 


METHODS IN DIABETES RESEARCH, 


VOLUME 1 Laboratory Methods, Part C 


edited by J. Larner and S.L. Pohl, University of Virginia Diabetes 
Research and Training Center School of Medicine 


£44.50 


A detailed examination of explicit laboratory techniques 
employed in diabetes research. Sections comprehensively treat 
methods applied to the study of receptors, mediators and 
metabolic methods, immunological and immunochemical 
investigations, tissue, cell, and culture preparations, etiology, 
complications and animal models, and hormone synthesis and 
degradation. 


0471 80971 3 488pp January’85 £80.90 


John Wiley & Sons Limited 
Baffins Lane - Chichester · Sussex PO19 100 - England. 
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CAMBRIDGE 


GENETICS/DEVELOPMENT 


Gene Structure and Expression 
JOHN D. HAWKINS 


This undergraduate textbook describes the structures of genes in 
molecular terms and summarises knowledge about how their activity 
is regulated It includes genetic engineering techniques, cancer 
genesis and viruses, and genetic diseases. 


0 521 25824 3 Hard covers £20.00 net/$34.50 ' 
0 521 27726 4 Paperback 47.95 net/$14.95 
A Dictionary of Genetic 

Engineering 


STEPHEN G. OLIVER and JOHN M. WARD 


Over 500 terms are defined and explained in this illustrated dictionary. 
of genetic engineenng, which also enables readers to decipher the 
jargon and slang usages associated with the subject 


0 521 260809 £12.50 net/$19.95 


Surnames and Genetic Structure . 
G. W. LASKER 


By analysing the historical spread and geographical distribution of the 
commoner surnames, the author presents a detailed insight into the 
patterns of migration and the genetic structure of the population of 
Bntain. : 

0 521 30285 4 


Cambridge Studies in Biological Antbropology ' 


$15.00 S 


Genome Multiplication in Growth 


and Development 
Biology of Polyploid and Polytene Cells 
V. Ya. BRODSKY and I. V. URYVAEVA 


An authoritative account which details the origin of udi and 
polyteny in the normal development of many tissue systems and 
discusses the various modes of genome multiplication, its control, and 
its biological significance 

0 521 25323 3 

Developmental and Cell Biology 15 


_ £39.50 net/$79.50 


From Gene to Animal 


An Introduction to the Molecular Biology of Animal 
Development . . 

DAVID DE POMERAI ‘ i 

This textbook will provide undergraduates with an introduction to 
the rapidly expanding field of molecular biology as applied to animal 


development. It draws together elements from the fields of genetics, 
nucleic acid biochemistry and embryology 


0 521 26084 1 Hard covers £25.00 пей$44. 50 
052127829 5 Paperback £8.95 nev/$14.95 


An Introduction to Plant Cell 
Development 
JEREMY BURGESS 


The aim of this textbook is to emphasise the structural and spatial 
events which occur during the development of specialised plant cells 


and to show how these events are regulated to suit the function which . 


the cell will fulfill in the plant 
0521302730 Hard covers $27.50 net/$54.50 
0521316111 Paperback £9.95 net/$19.95 


Reader Service No.30 


BIOCHEMISTRY/ 
BIOPHYSICS 





Biophysics and ae at Low 


Temperatures 
FELIX FRANKS 


This book describes the physics and chemistry of water in the context 
of physiology and discusses the fascinating array of responses to 
subfreezing temperatures shown by micro-organisms, insects and 
plants 


0 521 263204 &25. 00 0 nev$44.50 


Third European Bioenergetics 


Conference 
Edited by GUNTER SCHAFER 


This volume comprises the proceedings of the bioenergetics 
conference held at Hanover in September 1984. The 355 reports 
collected here constitute a comprehensive and up-to-date survey of 
this rapidly developing field 


0521308135 . 
ICSU Sbort Reports Volume 3 


Biochemistry of Plant Cell Walls 
Edited by C. T. BRETT and J. R. HILLMAN 


Twelve contributions are made by scientists of international repute 
concerning the chemistry of the cell wall, its biosynthesis, and 
biochemical aspects of its functions. · 


0 521 30487 3 £19.50 net/$34.50 
Society for Experimental Biology Seminar Series 28 
Reader Service No.31 


HISTORY OF SCIEN CE 


Now in'Paperback 
The Shorter Science and Civilisation 
in China: 2 


C. RONAN 
An abridgement by Colin A. Ronan dic Needham's 


original text. 


This volume covers mathematics, astronomy, meteorology, earth 
sciences and physics. ` * 


‘Colin Ronan has done a remarkable job of reduction, keeping most of 
the essential detail, reproducing many of the illustrations. He bas 
heroically preserved as much of the original style as possible." 

New Scientist 


0521315360 _ Paperback £12.50 net/$19.95 


MATERIALS SCIENCE 


Polymer Degradation and 
Stabilisation 


N. GRASSIE and G. SCOTT 


For students of polymer science and industrial scientists, this book 
relates technologically important phenomena in polymers to the 
physics and chemistry of the degradation and stabilisation processes 
involved , 


£50.00 net/$74.50 


0 521 24961 9 £27.50 net/$54.50 
Reader Service No.32 
JOURNAL 

BioEssays 

. Amonthly current-awareness journal in cellular, molecular 

_ and developmental biology 
One volume (6 issues). &32.00/$68.00 for institutions 
| &15.00/$24.00 for individuals 
Two volumes (12 issues). £63.00/$135.00 for institutions; 


Your subscription can begin anytime, $28.00/ $48.00 for individuals 
Reader Service No.33 


A Cambridge University Press 


The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU England 
‚ 32 East 57th Street, New York, NY 10022 
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Thinking about thinking 


Duncan Davies 








Science as à Commodity: Threats to the Open Community of Scholars. 
Edited by Michael Gibbons and Bjorn Wittrock 


Longman 1985 Pp 173. Pbk £9.95, $15 


“SHOULD university teachers or re: 


searchers display patriotism by undertak- 
ing work for the armed forces which will 
inevitably be secret and unpublishable?”. 
"Should they hélp pay for their institu- 
tions in hard times by making contracts 
with industrial firms whereby publication 
of research must be delayed, perhaps for a 
year ог two, until ‘intellectual property 
rights have been safeguarded by 
patents?”. “Is public funding of university 
work best guided by simply choosing the 
best men, and leaving them to choose 
their research topics as best they can?”. 
“Would the best women, if so funded, 
choose differently from the best men?". 
“For such privileges, who are the best 
people and how do you choose them?". 

These are good questions, the reso- 
lution of which 15 of great importance for 
the maintenance- of democracy and sur- 
vival of freedom of inquiry and speech. It 
is therefore eminently reasonable to con- 
vene a conference to discuss them in 
detail. One would invite people from a 
cross-section of backgrounds university 
teachers currently doing research in the 
humanities, erigiieering айа science (and, 
if possible, across more than one field), 
practising men of business and public 
affairs; and some military people, to relate 
their problems and experiences. One 
would cover diplomacy, matters of public 
order, economics, investment, taxation 
and technology, with science and philos- 
ophy bulking large in the background. 
There would doubtless be difficulties of 
language and psychology, and many 
important differences in priorities and 
chosen compromises, but the result would 
be very fruitful. 

Conversely, it might seem one-sided to 
conduct such a conference ın the virtual 
absence of the practitioners of science, 
and to publish essays only by (admittedly 
able and clever) university teachers whose 
specialism is mainly the study of those who 
study engineering and science, in the 
absénce of practitioners of finance, law, 
psychology and medicine. And it might 
seem confusing to use the title. Science 
as a Commodity 

There used to be a gibe that you could 
always find the Germans in a crowd by 
inviting everyone to choose between two 
doors marked “Heaven” and “Lectures on 
Heaven". Excessive specialist theorizing 
is now spread throughout the Anglo- 
Saxon world, to the extent that it is no 
longer fair to pick on the Germans Those 
of us who have worked hard to encourage 











interest in broader matters in the choice, 

conduct and exploitation of research, feel 
alittle frustrated because success in draw- 
ing attention to this synthesis has created 
another band of specialists, engaged not in 
practice, but only in a new branch of 
theory 

There are wise thoughts in this book, 
the published record of the meeting, but 
there 1s also an overdose of theology, and 
repetitious concern with a few causes 
célébres (such as Faust, Bacón, the 
Manhattan Project — described rather in- 
accurately by one of the contributors — 
and the arrangements between Hoechst 
and Mr Whitehead on the one hand, and 
the universities in Boston, Massachusetts, 
on the other) And there is very little 
about the actual products, processes and 
services which most illuminate the con- 
nection between free inquiry and practical 
application (or which comes first), or 
whether the great increase in society’s in- 
vestment in technology seems to have 
helped or hindered such basic research as 
the astronomical study of the Universe, its 
cosmological interpretation, the structure 
of matter and energy, and the origins of 
life and inheritance. It may be that the 
practical men (inside and outside the uni- 
versities) were in fact invited but would 
not come; if so, their contributions should 
have been sought by other means, and not 
beaten into shape with theory. 

The unconfused title for the book could 
well be Technology as a Tradeable Invest- 
ment or Should Scientists do Secret Mili- 
tary Research?, but these would not sound 
sufficiently mysterious and profound 
Professor Wittrock, in his summing up on 
p. 156, says "Science has not become a 
commodity; it always was". Professor 
Salomon, on p. 78, says "Science as a com- 
modity? Only half a century ago, such a 
question would have appeared as a 
provocation, and a century ago, as an 
aberration”. This apparent disagreement 
between gutus stems, of course, from 
different interpretations. of the word 
“science”, and the problem is intensified 
for two other reasons: first, the words 
science, technology and research are re- 
peatedly used interchangeably. Secondly, 
їп this context the term “commodity” is 
less appropfiate than the term "invest- 
ment". The trading of investments 1s a 
rather different process from trading in 
consumer goods. Technology, rather than 
science or research, is our most compre- 
hensible kind of intellectual investment. It 
has been traded always, but most particu- 











larly since the patent system was intro- 
duced tour centuries ago to prevent (not 
assist) secret operation: the method was 
the award of a temporary monopoly in 
return for disclosure, to allow the recoup- 
ment ot the investment cost Inventive 
applied science can sometimes be traded 
as a component of technology. but the 
ways of nature cannot be closed 
to astronomers, high-energy physicists or 
geneticists. These subjects can be kept 
secret only for as long as there 1s military 
control over the instruments needed for 
the work (reckets to launch the satellite: 
detectors to measure the radiation). By 
coatrast a commercial firm would want to 
go public and sell the gear 

So thé real problem is that of the 
military restraint of the dissemination of 
technology, With its attendant economic 
penalty for dll, and not that of the selling 
of university science by commercial 
interests. Commerce requires the most 
temporary protection of knowledge that 
will make long-term research and de- 
velopment worth while, and the earliest 
practicable publication Men of good will 
such as Sir Cyril Hinshelwood, President 
of the Royal Society from 1955 to 1960, 
regarded applied research, of whatever 
kind, as one of the most valuable sources 
of ideas for scientific discovery, they 
sought to participate in both discovery and 
invention. When military secrecy hin- 
dered this natural exchange, they sought 
means for distilling the clues for science 
into publishable form. 

Once this confusion 1s cleared up, the 
book becomes a useful quarry with some 
interesting thoughts on a variety of 
matters. For instance it is hard not to 
agree with Helga Nowotny that women 
would choose different research topics 
from men, and hard not to conclude that 
both science and technology are impov- 
erished by the small number of influential 
women involved. But the real need is for 
much more study of individual examples, 
for example to help decide whether peace- 
time science and the technology-based 
business that funds it depends heavily, 
lightly or not at all on science conducted 
for military purposes. Did polythene, 
radar and the gas turbine (all invented in 
peacetime) require wartime funding to 
reach peacetime use? Was anything at all 
invented iri wartime, does war merely 
accelerate and enable the development of 
peacetime ideas that were languishing? 
More broadly, would cephalosporin have 
been discovered by а firm, and could 
the semi-synthetic penicillins have been 
developed in a university? More prag- 
matism, please, before the next bout of 
analysis О 








Duncan Davies, formerly Chief Scientist and 
Engineer at the Department of Industry, is 
Chairman of the ceramic development company 
BCRA Ltd and Visiting Professor at the Uni- 
versity of York 
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Awash in an ocean 
of information 


David Smythe 








The Geology of the Atlantic Ocean. 

By K. O. Emery and Elazar Uchupi. 
Springer-Verlag: 1984 Pp 1,050 DM 360, 
$104.80. 





Тис Atlantic Ocean has grown a few cen- 
timetres wider in the past few years. It has 
also undergone a change in location. The 
North Atlantic is nowadays thought of as 
the segment between Europe and Green- 
land, and the Africa — North-America 
segment is now the Central Atlantic. The 
South Atlantic remains as before, 
between Africa and South America. This 
sensible shift in nomenclature avoids such 
possible infelicities as “southern Central 
North Atlantic", or even *northern Nor- 
thern North Atlantic". Emery and 
Uchupís encyclopaedic compilation, 
some eight years in the making, sticks to 
the older (oceanographic) rather than the 
new (plate tectonic) Atlantic, and barely 
reaches Iceland. The book 1s therefore 
incomplete, which is a pity; many of the 
current problems in understanding the 
complex plate history north of 50°N or so 
have arisen through an artificial division 
of expertise and interest north and south, 
respectively, of the Greenland-Scotland 
Ridge. 

Eleven pairs of large, loose-leaf charts 
cover the region 60°N to 60°S They 
include bathymetric, physiographic, sedi- 
ment isopach, and tectonic maps Each 
chapter is ocean-wide in scope, ranging 
from history, through physiography, 
geology and evolution, to a final chapter 
on geography and economics, including 
waste disposal and hydrocarbons. The 
most up-to-date and comprehensive of 
them are the accounts of syn-rift and drift 
sediments — subjects on which the 
authors are long-established authorities. 
These chapters, making up some 40 per 
cent of the book, draw upon many refer- 
ences of 1980-1983 vintage, and take 
advantage of good-quality reproduction 
or re-drawing of original figures. 

Where the discussion strays beyond the 
book's title — both sideways and down- 
wards — 1 have increasing reservations. 
Some sections have a definite air of obso- 
lescence. Why, for example, write about 
the North Sea at all if you have to lean 
heavily on review papers, one or two of 
which were mediocre even when they 
were read at the first major conference on 





New journals review 


On 26 September Nature will publish the fifth 
annual review supplement devoted to science 
Journals Publishers and learned societies wish- 
ing to submit material should refer to last week's 
issue of Nature (p 607) or contact the Book 
Review Editor (London 836 6633) 








; the North Sea in 1974? Why try to write 


about the Neolithic and Early Bronze Age 
sailors of north-west Europe (incorrectly 
referred to as Celts) if you neglect their 
knowledge of navigation? They were able 
to predict complex lunar motions and 
presumably, therefore, the powerful 
Atlantic tides on which their maritime 
civilization depended. The North Sea has 
become a mature oil province since the 
early 1970s, and in the same period the 
whole new science of archaeoastronomy 
has blossomed 

The chapter on internal 1gneous struc- 
ture begins at the core and works upwards 
through geomagnetism, the mantle, heat 
flow and seismicity, petrology and so on to 
the ocean crust itself. On the way up there 
is a short excursion to the Moon. The 
heart of the subject — the structure, pet- 
rology and magnetic properties of oceanic 
crust — 1s dealt with 1n rather cursory 
manner; for example, there are no dia- 
grams here showing the great variety of 
evolutionary models that have been 
thought up for the basaltic Layer 2 

Even more unfortunately, an important 
section on the geomagnetic polarity rever- 
sal timescale picks upon one of the least 
satisfactory revisions for the late Mesozoic 
and Cenozoic, which was published in 
1980. An entire industry of reversal time- 





scale “improvements” has sprung up in 
the United States in the past few years, but 
Emery and Uchup: perpetuate an inex- 
plicable omission by the specialists of any 
reference to the superb work of Hailwood 
and co-authors, which appeared in the 
Initial Reports of the Deep Sea Drilling 
Project in 1979 — hardly an obscure 
source. Six years ago you could have taken 
Hailwood's scale; added it to the Gubbio 
timescale for the late Cretaceous, run it 
through a pocket calculator to update the 
radiometric decay constants, and you 
would have had a *working" timescale for 
the past 100 million years or so, essentially 
as good as any of today's efforts. The 
moral of this example seems to be that you 
have to publish loud, fast and often in 
order to get cited, which will mierely 
hasten the day when we are all drowned by 
the rising sea-level of publications. 

Emery and Uchupi have obviously had 
difficulty in keeping their ambitious pro- 
ject watertight in the decade since they 
laid its keel. Although they have made a 
valiant effort, I think that the scope of the 
subject, at least in the terms that they see 
it, 15 now simply too broad for any two 
people to tackle successfully. D 


David Smythe is a Principal Scientific Officer at 
the British Geological Survey in Edinburgh. 





BWP four 
John Andrews 


Handbook of the Birds of Europe, the 
Middle East and North Africa. The Birds 
of Western Palearctic. Vol.IV: Terns to 
Woodpeckers. 

Chief editor Stanley Cramp. 

Oxford University Press: 1985. 

Pp.960 £60. 


THE latest volume of “BWP”, as it has 
come to be known, describes a further 113 
species of birds from the 760 or so which 
occur in the Western Palearctic. 
Commencing with the terns, skimmers 
and auks, it, progresses through 
sandgrouse, pigeons and parrots — whose 
sole representative is the introduced ring- 
necked parakeet — to cuckoos, owls, 
nightJars, swifts, kingfishers, bee-eaters, 
roller and hoopoe, concluding with the 
woodpeckers. . 

Each species entry runs to about 6,000 
words. As well as giving field identifica- 
tion characteristics, it provides detailed 
descriptions of plumages necessary for the 
identification of specimens in the absence 
of reference skins, and data on moult mea- 
surements, weights, structure and geo- 
graphical variation. The colour plates, all 
of them by artists with field experience of 
most if not all of the subject genera, show 
the main plumages, including downy 
young (and eggs) with an acceptable con- 
sistency of style. 








Once the text moves on to material de- 
rived from research it is inevitably more 
varied in quality and comprehensiveness. 
The habitat descriptions enable one to 
look for a given bird in the right place but 
are often insufficient, even when consid- 
ered together with information on food, to 
guide either habitat management or con- 
servation Judgements on the implications 
of subtle changes in land use. In general, 
more is known of breeding requirements 
than of wintering habitat usage, and that 
too is reflected in the book. 

Distribution maps show separately the 
world and Western Palearctic ranges, 
while the text concentrates upon historic 
changes in range (which yet often remain 
inexplicable). Population size is usually 
based on national estimates, which are 
notoriously questionable. 

The bulk of the text 1s devoted to social 
patterns and behaviour, and breeding bio- 
logy. In bringing together all of this mater- 
ial, the book — and the series — has value 
not only in its own right but as a basis for 
comparison which may Іп time extend our 
knowledge of “why” as well as “what”. By 
implication, this massive and invaluable 
exercise ın ornithological publication 
raises the question of whether the work 
should be allowed to end with the appear- 
ance of each volume or whether some con- 
tinuing process of updating 1s practicable 
and worthwhile. 





John Andrews 15 Head of Conservation 
Planning at the Royal Society for the Protection 
of Birds, Sandy, Bedfordshire 
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Culture of genetics 
Peter Goodfellow 








Mammalian Cell Genetics. 
By Martin L. Hooper. 
Wiley: 1985 Pp.175. £63.25, $49.95. 





AT THE same time as the molecular revo- 
lution 1n genetics, a quieter revolution has 
occurred in the genetics of cultured cells. 
Older techniques, such as variant isolation 
and production of somatic cell hybrids, 
have been improved and supplemented 
with methods such as DNA-mediated 
gene transfer, expression of bacterial 
genes in mammalian cells, microcell trans- 
fer of chromosomes and chromosome- 
mediated transfer of sub-chromosomal 
fragments. In Mammalian Cell Genetics 
Dr Hooper has provided a commentary on 
the whole of modern somatic cell genetics, 
designed to be read in conjunction with 
the primary literature. 

Guides such as this can either be Tal- 
mudic, expanding and clarifying an ob- 
scure text or, like the synopsis of an opera, 
condense the story while emphasizing the 
highlights. By the author’s stated inten- 
tion, the book falls into the latter cate- 
gory. It does not purport to tell you how to 
do an experiment but informs you of the 
experiments that have. been done. As such 
it will provide novices with an overview of 
the possibilities available before they 
delve into more specialist publications. 

A good commentary should be compre- 
hensive and emphasize the right points. 
Mammalian Cell Genetics is comprehen- 
sive for techniques up to 1983, but the 
tables of cell lines available should not be 
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regarded as exhaustive and events of the 
past two years have somewhat overtaken 
the tables of molecular vectors The 
choice of highlights ıs more open to argu- 
ment and largely a matter of personal 
opinion. I would have emphasized human 
gene mapping, monoclonal antibodies 
and isolation of oncogenes by DNA trans- 
formation of cultured cells. Perhaps as a 


consequence of his apparent determina- . 


tion to be succinct, Dr Hooper treats the 
first two of these achievements as deriva- 
tives of the esoteric, and often arcane, 
truths of chromosomal segregation and 
extinction of “luxury” functions in hybrid 
cells. Formally he is correct, but, for me, it 
counts as a failing. Limitations on length 
probably also explain the absence of some 


· essential practical details, such as the 


amount of transforming DNA a mammal- 
ian cell can take up and incorporate into 
its genome or the maximum size of indi- 
vidual DNA molecules which can be in- 
corporated. Also missing is debaté about 
the major unsolved problems in mammal- 
ian cell genetics; for example, many 
people would like to obtain: homologous 
recombination between exogenously in- 
troduced DNA and the equivalent recip- 
ient cell gene. 

The book is a helpful guide and any 
postgraduate student of mammalian 
genetics would benefit from reading it. 
Unfortunately, the absurd price means 
that our hypothetical student will either 
have to spend a week's wages or read 
somebody else's copy. I would suggest the 
second alternative. : o 


Peter Goodfellow is Head of the Human Molec- 
ular Genetics Laboratory at the Imperial Cancer 
Research Fund Laboratories, London 





Colourful behaviour 
M. E. G. Evans 


Insects in Camera. 

By Christopher O'Toole. 

Oxford University Press: 1985. Pp. 154. 
£14.95, $29.95. 


Tus is not just another book of pretty 
pictures of animals. Rather, it is a соПесі-, 
ion of superb colour photographs by Ken 
Preston-Mafham in which are captured 
the behaviour of living insects. 
Christopher O’Toole’s text introduces 
and explains the photographs so that we 
have a rather unusual combination of 
linked illustrations and text, describing 
not merely a series of insect types but their 
great diversity of behaviour patterns. 

The question posed is “How are insects 
adapted to survive in a hostile world?" 
The answer, of course, is “very well”, but 
this book delves into the underlying rea- 
sons. There are seven sections, each of 
which is introduced by a short essay. The 
rest of the text consists of long legends to 





. each of the photographs, in which the 


species and their systematic positions are 
noted, and their activities described. The 
photographs are not just of insects seen 
against typical backgrounds; some are 
unique, for instance the picture of a hover- 
ing muscid fly introducing her offspring 
into driver ant society by the precision 
bombing of an ant column with her 
eggs. 

A disadvantage of breaking up the text 
into a series of short paragraphs 1s that the 
book is necessarily somewhat fragmented; 
there are nearly as many stories as there 
are pictures. However, my main criticism 
is that where there are three or four prints 
to a page the detail cannot be appreciated. 
Iwould have preferred none of the photo- 
graphs to have been less than half-page 
size, even at the price of fewer of them. 
Nevertheless, this is a stimulating account 
of insect behaviour and adaptation, with 
an intelligent text elaborating upon the 
excellent pictures. For many readers it will 
be literally an eye-opener. LI 


M E.G EvansisaSenior Lecturer in Zoology 
at the University of Manchester 
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Personal atmosphere 
for the physicist 


J. R. Milford 








Physical Meteorology. 
By Henry G. Houghton. 
MIT Press 1985 Pp.442. $37.50 £41.95. 





For Professor Henry Houghton's col- 
leagues and former students the publica- 
tion of Physical Meteorology will be an 
event of some note It will also enable a 
much wider range of atmospheric physi- 
cists to benefit from his wisdom The qual- 
ities Of a great teacher shine through this 
book, with scholarship, clarity of argu- 
ment, enthusiasm and a welcome readi- 
ness to discuss points of uncertainty. He is 
also ready to say when an exact theory is 
inapplicable to a real, untidy atmosphere, 
for instance when we consider the scatter- 
ing of radiation, 

The use of the book as a text to support 
other people’s courses will be restricted, 
however, by a number of its characteris- 
tics. First, it is only for competent physi- 
cists, assuming as it does some prior know- 
ledge of Raman scattering, or of what ts 
meant by local thermodynamic equilib- 
rium, to give just two examples. Secondly, 
the choice of material ts very personal, as 
indeed 1s made clear in the preface. The 
main sections consist of four chapters on 
radiation in the atmosphere and three on 
cloud physics these are preceded by an 
opening chapter on the atmospheric aero- 
sol This is logical enough, but there is 
only minimal explanation as to how this 
information may be used later in the book 
and there are in fact few references back 
to и. The final chapters on optical phe- 
nomena and atmospheric electricity are 
also self-contained 

The book thus covers the topics which 
are traditional in texts on atmospheric 
physics Professor Houghton admits to 
doubts on the title, and it seems to me that 
Physical Meteorology 15 now a misnomer: 
operational meteorologists will not find 
much of the theory behind their practice 
here. The turbulent transfers of energy 
which bulk large in much of our science 
find no mention, and surely the links with 
large-scale energetics merit discussion if 
meteorology ts included tn the title? 

In smaller matters the choice of mate- 
rial is again unashamedly (and excusably) 
personal. However, more applications of 
the existing material could have been in- 


Fresh information 
Biotechnology Engineers. Biographical 
Directory, edited бу О R Zaborskyand D K 
Zubris, containing details of 236 “key individ- 
uals” in North America Publisher is Omec In- 
ternational, Washington, DC, price 1s $29.95. 
einternational Directory of Contract Labora- 
tories (їп toxicology). compiled by Edward M 
Jackson Publisher 1s Marcel Dekker, price 1s 
$49.75 (North America), $59.50 (elsewhere) 
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malous propagation of radar would have 
helped readers to make links with special- 
1st studies without any risk of trespassing 
on them. The relevance of the radiation 
chapters to remote sensing could have 
been brought out too, in contexts other 
than temperature sensing with the 155m 
CO. band Even in this section the 
paragraph on the non-American method 
is so brief as to be quite unhelpful. 

Textbooks which include problems at 
the end of each chapter are always attrac- 
tive to other teachers, but those included 
here are less useful than some since they 
are mainly designed to stimulate open- 
ended discussions. They provide no help 
to the struggling lecturer who needs to 
know whether he has got it right 

As I read the book I was occasionally 


; cluded: illustrations of scattering or ano- | irritated by misprints. and. more often. by 


the adherence to old-fashioned units. 
even when a change would be trivial: why 
not replace °С”! by K^ !? Also, the basic 
radiation and derivations are not entirely 
clear, mainly due to Professor Houghton's 
refusal to use the term "radiance" Some 
diagrams raise questions I would like 
answered, such as Fig 7.14 which includes 
collision efficiencies for drops rising to a 
value of ten in a very curious fashion. But 
one should not be put off by such deter- 
rents, or by the absence of references after 
1980, for here there is much insight and 
illumination. of the principal parts of 
atmospheric science Г] 





J R Milford is a Senior Lecturer in the Depart- 
ment of Meteorology at the University of 
Reading 





Psychological notes 
Eric Clarke 


The Musical Mind: The Cognitive 
Psychology of Music. 

By John A. Sloboda. 

Clarendon: 1985. Pp.291. £20. 


THE power of music to move people’s 
minds, and the ability of a few minds to 
produce performances and compositions 
of great profundity, have raised questions 
that can be traced from Plato’s Republic 
to the current Oscar-award-winning film 
Amadeus. Since the beginnings of modern 
psychology they have also been a focus of 
attention for those attempting to under- 
stand musical cognition with more rigor- 
ous methods. Until recently the psycho- 
logy of music could not claim to be a major 
area of research, but two new journals on 
the subject and a steady stream of books 
and articles indicate that this is changing. 
Most of the literature has, however, 
held more interest for the experimental 
psychologist than for the musician, 
concerned as it is with highly reduced 
“musical” materials investigated under 
extremely constrained (and unmusical) 
conditions. It 1s therefore a breakthrough 
that a book has now appeared which 
brings together recent work 1n a way that 
demonstrates its significance for music- 
ians, whilst in no way compromising the 
psychological theory on which it is based. 
In the preface to The Musical Mind, 
John Sloboda makes it plain that the 
primary aim of his book is to bridge this 
gap, and he is to be congratulated on 
doing so. Sloboda's cognitive approach, 
and his desire to address matters that pre- 
occupy musicians, have resulted in a book 
that covers many areas usually absent 
from writings on the psychology of music. 
Thus while there is a substantial chapter 
on listening to music, there are also 
accounts of musical learning and develop- 
ment, musical performance, and compo- 








sition and improvisation. The section on 
composition is an excellent attempt to 
unravel the psychological processes 1п- 
volved in this least-understood area of 
musical cognition, using the compo- 
sitional sketches of various composers 
(Beethoven, Mozart, Stravinsky), and the 
written accounts of Sloboda’s (and 
another composer’s) compositional 
methods. It is Sloboda’s willingness to 
make use of evidence from a wide variety 
of sources that allows him to delve into 
areas previously considered too private to 
be investigated, and which brings an 
engaging freshness to the book. 

Besides these four chapters, the book is 
outstanding for the subjects treated in the 
second and last chapters — music, lan- 
guage and meaning, and music, culture 
and biology, respectively. The second 
chapter draws together some of the recent 
thinking on the formal similarities 
between music and language, and con- 
siders the psychological processes that 
they may share. The last chapter, which 
looks at the psychological issues raised by 
cross-cultural studies of music, and exam- 
ines the neurological and broader bio- 
logical bases for music, is an 1mportant 
reminder of how ethnocentric most work 
on the psychology of music is, and of the 
insights to be gained by widening the 
cultural perspective. 

There are some weaknesses: the com- 
parison of the work of the linguist 
Chomsky and the musicologist Schenker 
1$ too simplistic; the discussion of musical 
meaning is taken less far than it might 
have been; and a consideration of the 
psychological questions stemming from 
developments in contemporary music 
would have been welcome. But the clarity 
of Sloboda’s writing and his numerous 
suggestions for further research will make 
his book essential reading for anyone, 
student or researcher, interested in how 
minds and music interact. Oo 


Eric Clarke ts a Lecturer in the Department of 
Music at the City University, London. 





1 
CHEMICAL INDUCTION OF CANCER 
Structural Bases and Biological Mechanisms 
Volume IIIB ' 
ALIPHATIC AND POLYHALOGENATED CARCINOGENS 
. YIN-TAK WOO, DAVID Y LAI, JOSEPH C ARGOS; 
and MARY F ARGUS 


FROM THE PREFACE The material coveréd ın this volume — 
companion volume to Vol ША — completes Section 5 2 of 
Aliphatic Carcinogens Two Appendices provide updating to Vol | 
in rapidly progressing areas One is by David J Brusick on 
short-term tests based on methods of genetic toxicology, and the 
other, by John H Schneider, deals with modern computerized 
systems and databases for cancer résearch data search Another 
Appendix by Ercole Cavalieri ts on the activation, by one- and 
two-electron oxidation of carcinogens, with special reference to 
polynuclear aromatic hydrocarbons, as an additional update to 
Vol. ПА Still another Appendix summarizes novel structural types 
or carcinogons and provides updating principally to Vols HA and 


ISBN 0-12-059323-8, 1984, 560 pp , $98 50/£79 00 
VOLUME ША 

Aliphatic Carcinogens 

JC ARCOS, Y T WOO, and M F, ARGUS 

With the Collaboration of D Y LAI 

ISBN 0-12-059303-9, 1982, 752 pp , $78 00/£62 50 
VOLUME IIB 

JC ARCOS, MF ARGUS, and G WOLF 
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ISBN 0-12-059301 -7, 1968, 491 рр, $75 00/£60 00 


THE FISCHER-TROPSCH SYNTHESIS 

ROBERT B ANDERSON 

With a Chapter by Professors H KOLBEL and M RALEK 
The Fischer-Tropsch Synthesis provides a comprehensive 
account of the catalysts, kinetics, and reaction mechanisms of the 
Fischer-Tropsch Synthesis (FTS) Literature discussed in the 
book includes pertinent papers from 1955 through 1983, reviewed 
by a chemist with nearly forty years of experience with FTS 

A well-detailed and comprehensive volume, The Fischer-Tropsch 
Synthesis will be of great value to companies, institutes, and 
governmental laboratories interested in energy and coal research 
Universities sponsoring research programs on the Fischer- 
Tropsch Synthesis wiil also find this book useful 


{SBN 0-12-058460-3, 1984, 320 pp , $55 00/£44 00 


THE POLYSACCHARIDES 

Volume 3 

Edited by GO ASPINALL 

A Volume in the MOLECULAR BIOLOGY Series 

This third volume in the polysaccharide series completes the most 
comprehensive summary now available of polysaccharide chemis- 
try and related aspects of biochemistry. Authoritative coverage of 
major aspects of the subject is realized through individual 
chapters written by internationally recognized experts in their 
respective fields The principles behind current research on 
polysacchandes are thoroughly explained in this essential 
reference 


ISBN 0-12-065603-5. 1985, 496 pp , $85 00/£85 00 


THE ALKALOIDS 

Chemistry and Pharmacology 
Edited by ARNOLD BROSSE 
VOLUME XXIV 


Unlike other treatises which oversupply this field, The Alkaloids 
presents detailed up-to-date reviews on alkaloid chemistry as well 
as valuable information on the biochemical, pharmacological, and 
clinical properties of alkaloidal compounds 

ISBN 0-12-469524-8, 1985, 384 pp , $85 00/586 00 

VOLUME XXIII 

ISBN 0-12-469523-X, 1984, 416 pp , $85 00/£68 00 

VOLUME ХХІІ 

ISBN 0-12-469522-1, 1983, 368 pp , $55 00/£44 00 

VOLUME XXI 

ISBN 0-12-469521-3, 1983, 376 pp , $55 00/£44 00 
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BIOSYNTHESIS AND BIODEGRADATION 
OF WOOD COMPONENTS 
Edited by TAKAYOSHI HIGUCHI 


The need to develop renewable alternatives to petroleum, coupled 
with the world’s growing requirements for fuel and food, has 
focused renewed scientific attention on forestry and the wood 
sciences This volume analyzes the biosynthesis of biodegrada- 
tion of wood, serving as a reference for those who seek to apply 
biotechnology to wood production and use 


ISBN 0-12-347880-4, 1985, 704 рр, $99 00/£99 00 


DRUG ANALYSIS BY GAS CHROMATOGRAPHY 
DAVID B JACK 


Following an introduction to the column, the most important part 
of the gas chromatogra»h, this book describes derivatization 
techniques (with examples using drugs), measurement of purity, 
stability, and the analysis of excipients and preservatives, 
determination of active ingredients, analysis of drugs and their 
metabolites in body fluids, and the use of gas chromatography to 
identify the "unknowns' found in drug screening Concluding the 
text, by way of an envoi, is a reproduction of the article, 
“Enlightenment” by G Machata Anyone who has worked tn or 
managed a chromatography laboratory will empathize with this 
account 


ISBN 0-12-378250-3, 1984, 240 pp , $49 50/£40 00 


BIOCHEMICAL ACTIONS OF HORMONES 
Volume ХІІ 

Edited by GERALD LITWACK 

FROM THE PREFACE This volume stresses modern 
molecular biology as it pertains to hormone action as well as 
bastc work with hormone receptors Consequently, it should 
appeal both to endocrinologists and to workers tn the field of 
molecular biology 


ISBN 0-12-452812-0, 1985, 560 pp , $89 00/£89 00 


FLOW CYTOMETRY 

Instrumentation and Data Analysis 

Edited by MARVIN A. VAN DILLA, PHILLIP N DEAN, 
OLE D LAERUM, and MYRON R MELAMED 

Flow Cytometry Instrumentation and Data Analysis offers the 
most comprehensive treatment available of flow cytometry and 
sorting This technique, by which cells and chromosomes can be 
sorted, continues to gain importance in biology and medicine 
The volume takes a conceptual approach and the material is 
largely non-mathematical Where mathematics are used, the 
reader is supplied with clear explanations of the physical basis for 
the equations 

ISBN 0-12-712150-1, June 1985, 312 pp , $59 50/£52 50 
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PRODUCT REVIEW 


New Technology in Biotechnology 


The Nature conference under the above title takes place in London on 25-27 June. Alongside the 
conference is an exhibition of laboratory equipment. 





Exhibitors and stand numbers 
Alfa Laval 

V A Howe 

3. Anachem 
4. ISC 

5 Du Pont 
6 Nature 
7 
8 


М н 


New Brunswick 
& 17. Wisepress 
9, & 10. LH Fermentation 
11 Flow Laboratories 
12. SGI. 
13 Roth 
‘14 Lab Mate 
15 Kruss 
16. Cambridge University Press 
17. Wisepress 
18 Bioengineering 
19 AMS 
20 Uniscience 
21 University of Surrey 
22. Heraeus 
23. & 24 Commonwealth 
Agricultural Bureaux 
25. Leicester Biocentre 
26. Anghan Biotechnology 
27. Becton Dickinson UK 
28.: Bactomatic 
29. Celltech 
30 Apcel 
31. Elsevier 
32 &33. Applied Biosystems 
34. MBR Bioreactor AG 
35. British Library 
36. Carl Zeiss Jena 
37 Hobsons 
38 LEEC 
39. Janssen 
40 Amicon 
The three-day conference and exhtbition take place in 
the Novotel, Hammersmuh | Details of the exhibits on 
each stand are given in the exhibition catalogue. 


€ The Commonwealth Mycological 
Institute (CMI) 1s one of four institutes 
and ten bureaux of the Commonwealth 
Agricultural Bureaux. It offers a range of 
services to biotechnologists, as well as 
mycologists and specialists in related dis- 
ciplines. A key area of the institute’s activ- 
ities hes in consultancies and contract 
research With some 300,000 reference 
specimens of microfungi (plus 11,000 in 
the culture collection), a substantial 
library, online database, and access to 
electron microscopes, computer and 
chemotaxonomic and biochemical facil- 
ities, the institute is well-placed to help 
solve problems involving microfungi. In 
addition, support from the Department of 
Trade and Industry to the culture collec- 
tion and industrial services enables the 
institute to provide new and improved 
services to industry, and to build up 
biochemical data on strains held. 

Reader Service No. 100. 








€ New Brunswick Scientific has de- 
veloped a completely new series of pilot- 
scale fermentation systems designed for 
mammalian cell culture in bulk suspension 
and using microcarriers, and for bactertal 
cell culture. Of particular interest to users 
of pilot-scale fermenters are the design 
features in the standard open frame skid 
concept used by all NBS systems: all pip- 
ing including filters, valves, regulators and 
steam traps is housed within the open 
frame skid, which makes installation and 
maintenance simple and trouble-free. At 
the laboratory scale, New’ Brunswick 
Scientific will be showing a new fermenter 
for shear-sensitive cultures, which uses a 
rotating lift tube for agitation, reducing 
shear forces on the culture to a minimum. 
A full range of monitoring and control 
instruments is available to complement 
both pilot and laboratory-scale fermenta- 
tion systems. New Brunswick has recently 
acquired Biosearch, a company which 
manufactures a complete range of instru- 
ments and chemicals for the synthesis of 
oligonucleotides and peptides. Both the 
DNA and peptide synthesizers are fully 
automated, allowing researchers pre- 
viously inexperienced in organic chemis- 
try to successfully synthesize the most 
complex sequences. The instrument soft- 
ware ensures optimum conditions for each 
couplng once the sequence has been 
entered via the user-friendly keyboard. 
Reader Service No. 101. 
€ The Bactometer, on the Bactomatic 
stand, 1s capable of handling 1-512 sam- 
ples simultaneously, and performs total 
and selective counts in the range of 1 to 10 
million organisms automatically, without 
the need for tedious procedures such as 
serial dilutions and plate counts. Results 
are typically available in 1-8 h. Based on 
impedance technology, the computer- 
assisted data system can display impe- 
dance growth curves which have been ap- 
plied to optimization of a fermenter media 
phase sensitivity and culture metabolism 
studies, — antibiotic/preservative/vitarnin 
assays and sterility testing. Also on the 
Bactomatic stand is the Vitale AMS 
system for the rapid, automated identifi- 
cation of microorganisms. The computer- 
assisted system can identify between 1 and 
240 organisms, typically within 4-10 h. 
The in-built database covers Gram- 
negative and Gram-positive bacteria, 
common pathogens and yeast, and can 
also determine MIC values and sensitivity 
for up to nine antimicrobial agents simul- 
taneously. 
Reader Service No. 102. 





@ Roth Scientific is marketing a series of 
versatile bench-top fermenters. engine- 
ered by Applikon of Holland. A teature of 
the systems 1s simplicity of use. Pilot-scale 
units are similarly available їп volumes of 
201 to 300 litres Applikon offers a choice 
of borosilicate glass fermenter vessels 

pilot vessels for bacterial culture have a 
ratio of height to diameter of 3:1 while 
those for animal/plant work are shorter 
and wider, with a 2:1 ratio. The range of 
vessels includes flat-bottomed, round- 
bottomed (supported in a tripod) and 
jacketed vessels all of which can be used to 
successfully grow bacteria, filamentous 
organisms, and plant and animal cells. 
Two forms of stirrer assembly can be spe- 
cified — a mechanically driven lipseal 
assembly or a powerful magnetically cou- 
pled stirrer which remains coupled even at 
high speed or high viscosity Other pro- 
ducts offered by Roth Scientific in the 
Biotechnology range are a versatile ultra- 
sonic disintegrator, which is capable of 
processing four samples simultaneously, 
complete high-pressure liquid chroma- 
tography systems and a range of freezers 
and thermostatic baths. 

Reader Service No. 103. 

@Applied Biosystems has chosen the 
Nature exhibition for the launch of its new 
UK subsidary, Applied Biosystems Ltd. 
Among the facilities available are technic- 
al support and service laboratories, sub- 
stantial stocks of reagents and solvents, 
and a specialist service for protein se- 
quencing, peptide synthesis and DNA 
synthesis. At the exhibition, there will be 
on display three new products: the Model 
120A PTH Analyser, a specially designed 
chromatography system for use either ‘on- 
line’ with the Model 470A gas-phase pro- 
tein sequencer (also be on display) or asa 
‘stand-alone’ system for the analysis of 
phenylthiohydantom (PTH) amino acids 
All common PTH amino acids are re- 
solved to better than 95%, with detection 
sensitivity of less than 1 picomole The 
fully automated Model 381A DNA synth- 
esizer produces high-purity, defined- 
sequence oligonucleotides quickly and 
economically, with routine coupling yields 
of 98 — 100% and synthesis of oligonuc- 
leotides with over 100 bases The Model 
380B DNA synthesizer has been de- 
veloped as a successor to the 380A and has 
a new ‘touch-screen’ CRT control and 
built-in programming to allow the use of 
any synthesis strategy. Also on display will 
be the Model 430A solid-phase peptide 
synthesizer 
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Ф Bioenginecring UK Ltd will be | 


exhibiting a range of fermentation 
reactors which includes two new products: 
the paddle stirrer and visual safety 
reactor. The paddle stirrer is an agitation 
system which has particular application in 
the culivation of delicate cells. It can be 
used to convert a conventional stirred 


tank into:a delicate cell, reactor. The. 


paddle stirrer system provides a novel 
solution to the problem óf achieving a 
compromise between agitation effect and 
dissolved oxygen transfer, using an inver- 
sion of a rotational motion which simul- 
taneously disperses and homogenizes. 
The stirrer transmits its energy mainly by 
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impulse without shear and burbling. The ! € The Celltech stand features a range of 


visual safety reactor, or foil reactor, uses a 


"foil cylinder of high mechanical strength in 


place of an equivalent glass cylinder. The 
advantage of. the new reactor is that it 
eliminates the risk of accident when steril- 
izing glass vessels in situ. Visibility is 


‘better than with glass, and different foils 


can be experimented with to obtain novel 
configurations. The foil can be disposed of 
after use, thus eliminating the need.for 
extensive cleaning. This concept also 
allows inexpensive development of 


‘tower’-type reactors and experimenta- 


tion with air-lift systems. 
Reader Service No. 105. , 
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How to avoid the 19 
critical mistakes in 
buying fermentation 





equipment 


Make one mistake and you can have problems 
that include inadequate process control, perma- 
nent operator inconvenience and costly down- 


time. 


Now NBS has published a comprehensive re- 
view of the problems and pitfalls that await the un- 
wary buyer of industrial fermentors — and some 
very practical suggestions to help avoid them. 

Called 79 Critical Mistakes Made in Buying Fer- 
mentation Equipment and What You Can Do to 
Avoid Them, this practical guide is availabie with- 
out charge. 

Send for your free copy today. New Brunswick 

- Scientific Co., Inc., РО. Box 986, Edison, NJ 
08818. (201) 287-1200 or (800) 631-5417. 
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immunoprocessing reagents based on 
monoclonal antibodies for the purification 
of «, y and, most recently, B-interferon. 
Each kit provides single-step. high-yield 


, purification. Celltech’s range of mono- 


clonal-based assays includes a gamma: 
immunoradiometric assay (IRMA) for the 
assay of y-interferon and NK2 and YOK 
IRMA for assay of different subtypes of 


` w-interferon. Abstracts in BioCommerce 


(ABC). a commercial news index pro- 
duced twice monthly by Celltech, is now 
available as an online computer database. 
At the Celltech stand the database will be 
demonstrated in action. 

Reader Service No. 106. 

€ A new 2-litre airlift fermenter that will 
be ideal for monoclonal antibody produc- . 
tion, media optimization and other similar 
applications is available from LH Fermen- 
tation. Based an: a 2-litre total volume 
glass vessel, the fermenter has a working 
volume of 1,700ml with a removable glass . 


‘draught tube and a stainless-steel top 


plate. This has ports for oxygen and 

carbon dioxidé electrodes and other 

sensors. Temperature control is via ther- 

mostatically controlled water circulated ' 
around a jacket on the glass vessel; agita- 
tion is achieved on the standard unit by the 

‘airlift’ principle with a glass sinter provid- | 
ing the gas dispersion. The LH Fermen- 

tation stand will also feature a new 30-litre 

airlift fermenter which is fitted with com- 

plete instrumentation and a gas blending 

system which.can accommodate the cul- 

ture of shear-Sensitive animal and plant 

cells. And LH's new microprocessor- 

ased fermentation control package can 

monitor eight parameters in single or 

multiple fermentation. 

Reader Service No. 107. 

ФЕВІР, the European Biotechnology 

Information Project, based at the British' 
Library in.London, and run with the help 

of European Commission funding, is in- 

vestigating information provision in bio- 

technology across a broad front. It has 


‘produced a wide range of guides to infor- 


mation sources in key areas such as safety 
and regulations, business information and 
culture collections. EBIP is backed by the 
full resources of the British Library, and 
EBIP services are also available via the 
Online system DIMDI. е 
Reader Service No. 108. j 
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edited by Sudhir Gupta 


Active investigators in AIDS research pre- 
sent the most recent data regarding the eti- 
ological agent—or agents—of AIDS, the 
immunological characteristics of some 
patients 1n the early stages of AIDS, 
various therapeutic modalities that are 
available for the treatment of AIDS, early 

. AIDS (persistent generalized’ lympha- 
denopathy), and patients who demonstrate 
asymptomatic acquired deficiency. Volume 
187 іп the series Advances in Experi- 
mental Medicine and Biology 
0-306-42016-3/proceedings/176 pp + index 
ill /1985/$39 50 ($47 40 outside US & Canada; 


PRINCIPLES OF MEDICAL 
THERAPY IN PREGNANCY 


edited by Norbert Gleicher 

Neaily 200 chapters by leading specialists 
cover virtually every problem physicians 
encounter in managing medical disorders 
dunng pregnancy The most comprehen- 
sive, in-depth reference text available on 
the subject, this book 15 essential reading 
for obstetricians, internists, and all clini- 
cians who deal with patients in this special 
circumstance 

0-306-41845-2/1,320 pp /ill /1985 

$125 00 ($150 00 outside US & Canada) 


Plenum: The Nature of Science 


AIDS-ASSOCIATED SYNDROMES 


BIOACTIVE POLYMERIC 
SYSTEMS 


An Overview 
edited by Charles G. Gebelein 
and Charles E. Carraher, Jr. 


This new book reviews a wide variety of ' 


natural, pseudonatural, and synthetic 
polymeric systems Approaches and tech- 
niques are outlined for both medical 

and nonmedical applications, controlled 
release systems, and special experimental 
techniques 

0-306-41855-X/690 pp /ill /1985 

$95 00 ($114 00 outside US & Canada) 


HYBRIDOMA TECHNOLOGY 
IN THE BIOSCIENCES 

AND MEDICINE 

edited by Timothy A. Springer 
State-of-the-art hybndoma technolo- 
gies—including the uses of products 
secreted by T cell clones, immunization 
with synthetic peptides, and the use of 
antibodies in gene cloning—are described 
in this broad overview of the advances 
and developments in the field 
0-306-41996-3/596 рр + index/ill /1985 

$75 00 ($90 00 outside US & Canada) 


text adoption price on orders of six or more 
copies $45 00 









, CHEMICALLY MEDIATED 


INTERACTIONS BETWEEN 
PLANTS AND OTHER 
ORGANISMS 

edited by Gillian A. Cooper- 
Driver, Tony Swain, and 

Eric E. Conn 

An authoritative study of the role of plant 
secondary compounds in a number of eco- 
.ogical interactions.. Topics covered include 
plant detection of pathogens, the bio- 
chemical response of plants to fungal at- 
tack, interactions between plants and 
microorganisms in the sail, allelopathy 
and allelochemicals in plants, multi- 
chemical responses in plant-insect inter- 
actions, pheromonal communication be- 
tween plants; and the deterrent effect of 
plant secondary compounds on herbivores 
Volume 19 in the series ‘Recent Advances | 
in Phytochemistry 


0-306-42006-6/proceedings/256 pp /1ll /1985 
$45 00 ($54 00 outside US & Canada) 
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48 MC TUBE CAPACITY! 


A Table Top Unit With Floor Model Capability. 


10,000 RPM (Max) 
12,800 RCF (Max) 


Cooling Coil 


12 x 75 Culture Tubes 


Table Top or 

Full Visibility Cover Microcentrifuge Tubes 
Automatic Braking Mechanical Lock 

cold water is circulated through 


25 Minute Timer Variable Speed ERN 2520 
itt Now Keep the Hi-Speed : fee 7 
Centrifuge near you on à, h? : / Model HSC10000 Hi-Speed 


: i been used in 
"laboratory bench with no need to Centrifuge has be | 
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N A where the response to it has” 
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\ THE COOLING COIL is a unique 
feature. It prevents samples 
from overheating when external 
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The Heraeus В5060 cell culture jacubaton. 

ФА new. sophisticated cell culture inc- 
ubator, the  electronically-controlled 
Heraeus B5061 *Auto-Zero', will be dis- 
played on the Heraeus Equipment stand. 
The СО» control on the B5061 has an 
automatic self-adjusting measuring 
system to keep the operating parameters 
constant and reproducible, making 
manual recalibration of the CO, zero 
unnecessary. This is particularly helpful 
when the incubator is used for long-term 
cultivation and manufacturing. Addi- 
tionally, in the О version, the O»zero can 
be calibrated without interrupting the 
operation of the incubator. Also on show 
will be the Heraeus B5060 incubator 
which, like the B5061, is available with 
linings made in a choice of bactericidal 
and fungicidal copper, or stainless steel. 
With the CO; version of the B5060 the 
temperature and СО» content are adjus- 
table with great accuracy, so that the opti- 
mum conditions for cell and tissue culture 
can be created. It has an electronic tem- 
perature controller and an adjustable 
temperature limit controller with a recor- 
ding facility. An easily drained water bath 
provides constantly high humidity. 
Reader Service No. 110. 

@ Laboratory and Electronic Engin- 
eering Co (LEEC) will be featuring their 
automatic СО, incubators. The САЗ is 
the large slimline version of the popular 
150-litre model GA2, featuring a single 
chamber with double doors, and a 
capacity of 330 litres. Both incubators are 


designed for techniques of open dish | 


tissue cell culture in which the pH of the 
medium is maintained in equilibrium with 
the incubator’s CO; atmosphere. The 
incubator automatically controls the CO; 
concentration to a pre-set level, and a 
percentage CO; meter on the control 
panel monitors the output of a thermal 
conductivity detector cell which continu- 
ously analyses a gas sample from the 
chamber. LEEC are now offering a sterili- 
zation feature as an optional extra on both 
models. An additional boost heating 
element raises the chamber air tempera- 
ture to a pre-set temperature of 90-100*C. 
Also on display will be a selection of 
compact incubators, tissue culture roller 
apparatus and drying cabinets. 

Reader Service No. 111. 





@ Flow Laboratories Ltd will be ex- 
hibiting a selection of new and existing 
products for the following: laminar air 
flow and filtration. microplate technology 
and tissue culture and diagnostics. On dis- 
play will be the complete new range of 
disposable membrane filters, including 
minifilters for use with syringes, and single 
or double capsules for the filtration of 
larger volumes of liquid; and new models 


of the Titertek enzyme immunoassay | 


readers the Multiskan MCC/MCC340, a 


twin reader. with the capacity to read, | 


shake and incubate two plates simultan- 
eously; HTE Multiskan Plus with a bar- 
coded microplate identification system; 
and Fluoroskan for fluorimetric enzyme 
immunoassays. All these microplate 
readers have a bidirectional computer 
control facility which enables them to be 
used for kinetic studies. There is also a 
new range of viral diagnostic reagents for 
use in complement fixation, enzyme 
munoassay and  immunofluorescence 
techniques. Other products on show in- 
clude a range of liquid-handling devices 
such as Titertek digital multichannel 
pipettes and a selection of disposable plas- 
tics, tissue culture media and glassware. 
Reader Service No. 112. 

© Becton Dickinson will exhibit the 
Falcon range of disposable tissue culture 
plastics and related products. All Falcon 
Labware products, from the smallest Petri 
dish to the largest roller bottle, are steri- 


lized by gamma irradiation. Products fea- | 
tured will include Primaria, a surface- | 


odified plastic substrate for primary cell 
culture, and the FAST system for simul- 
taneous screening via ELISA of all 96 


wells of a hybridoma culture plate for | 


clones producing antibodies of desired 
specificity, together with disposable filter 


units, pipettes, multi-well plates and | 


tubes. 

Reader Service No. 113. 

@ The Cetus Pro/Pette, an instrument for 
the rapid and accurate processing of 
microtitre plates, will be the centre of 
Anachem's display. The machine was de- 
veloped for general cell culture, hybri- 
doma studies and ELISA applications. 
Plates can be processed either in rows or 
columns with tip change between rack 
movement if required. Single wells may be 
accessed, allowing transfer of samples 
from tubes to individual wells. The Pro/ 


Pette can also empty and refill wells for 


serial dilutions or transfer between plates, 
again with optional tip change. From 
Gilson, there will be on display pipettes, 
dispensers, diluters and automatic liquid 
handlers with ‘robotic arms’. Analytical 
and preparative HPLC equipment, to- 
gether with examples of Anachem’s range 
of columns and accessories, will also be 
shown. 

Reader Service No. 114. 


These notes are based on information provided by the 
manufacturers. To obtain further details about these 
products use the reader service card bound inside the 
Journal. 
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Perfect control in 3 Dimensions from a 
single joystick. Continuous variable 
reductions to suit all magnifications. No 
efter sales maintenance needed. 

Details from: 

Singer Instrument Co. Ltd., 

Ti rough Lodge Roadwater, 
Watchet Somerset TA23 0QL 
England. Tel. (0984) 40226 Telex: 
492 Comcab G. 
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ACADE DIAGNOSTIC SYSTEMS 
S.A./N.V., a company specialising in 
non-isotopic immunoassay using 
particle counting, is looking for research 
groups with access to good quality 
antisera directed towards clinically 
important assays who would be free to 
enter into a development contract 
and/or provide such antisera in 
commercial quantities. 

If interested, please write with full details 
to Managing Director, ACADE 
DIAGNOSTIC SYSTEMS S.A./N.V., 
Passage de la Vecquée, Box 4100, 1200 
Brussels, Belgium. Telephone: 
02/762.89.75. Telex: 65867. Replies may 
be in English, German, French or Dutch. 
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LASERS SPECIAL 
ISSUE 


The 25 July issue of Nature will 
feature specially commissioned 
articles on lasers and laser applica- 
tions, including V. Letkhov on 
lasers in biology and medicine, S. 
D. Smith on optical computers, M. 
Key on X-ray lasers and the late A. 
Kaster on the early history of the 
laser. 


The issue will also contain a Pro- 
duct Review section on lasers and 
related products. Manufacturers 
are invited to send press releases 
on products or on novel appli- 
cations to the address below, to 
arrive not later than 4 July. 





Nature (Product Review), 
4 Little Essex Street, 
London WC2R 3LF, UK. 











June meeting 


28-29 June, Investigation and Belief — 3rd 
Annual International Conference on the 
Paranormal, University College, London, 


Essex IGIO 4PZ, UK) 


July meetings 


8-12 July 1985. 7th International Meeting 
on NMR Spectroscopy, Cambridge, UK 


mistry, Burlington House, London WIV 
OBN) 


September meetings 

1-4 September 1985, First International 
Symposium on ESR Dating, Ube, Japan 
(Prof. Ikeya, Secretary of the Symposium, 


Technical College, Yamaguchi Universi- | 
| (G. Martin, Ecole Normale Supérieure de 
Chimie. 35000 Rennes-Beaulieu, France). 

| sor Phillips is at present director of re- . 


ty, Tokiwadai, Ube 755, Japan) 

2-3 September 1985, International Sym- 
posium on Impact Testing and Perform- 
ance of Polymeric Materials, Guildford, 
UK (Miss Rachael Alexander, Short 


Courses and Conferences Section, Bureau | 
of Industrial and External Liaison, Uni- | 


versity of Surrey, Guildford, Surrey GU2 
5XH) 

3-6 September 1985, Second International 
Symposium on the Synthesis and Applica- 
tions of Isotropically Labelled Com- 
pounds, Missouri, USA (Dr R. Wilk, 
Symposium Coordinator, School of 
Pharmacy, 5100 Rockhill Road, Kansas 
City, MO 64110 USA) 


16-19 September 1985, International En- | 


vironment and Safety Conference. Olym- 
pia, London, UK (D. Parker, Conference 
Coordinator, International Environment 
and Safety, Labmate Limited, Newgate, 
Sandpit Lane, St Albans, Herts. AL4 
OBS, UK) 


October meetings 


7-9 October 1985, International Sympo- | 


sium on Biotechnology in the Food Proces- 
sing Industry, Minnesota, USA (Lynette 
Marten, University of Minnesota, St Paul, 
Minnesota 55108 USA) 

7-10 October 1985, Electronic Imaging 


_ *85 - International Electronic Imaging Ex- | 
position and Conference, Massachusetts, | 
USA (R. Murray, Institute for Graphic | 


Communication, 375 Commonwealth 
Avenue, Boston. MA 02115, USA) 


mental Significance of Chemical Carci- 
nogens, Bologna, Italy (Organising Com- 
mittee, International Conference on Che- 
< mieęal Carcinogenesis, c/o Istituto di 
“Oncologia, Viale Ercolani. 4/2. 40138 
Bologna, Italy) 


Please send Announcements 
entries to: The Editor, Nature. 
4. Little Essex Street. 
London WC2R 3LF., UK 

















; 20-23 October 1985, Halifax ‘85-16th : 
| Annual Underwater Mining Institute, | 
| Nova Scotia, Canada (Н. Joseph, Ocean | 
| Mining Division, 355 River Road, Otta- | 
| wa, Ontario, K1A 0E4) 
UK (M. Hutchinson, Secretary, CSICOP, | 
UK Branch, 10 Crescent View, Loughton, | 
| 7-9 November 1985, International Con- 
| gress on Neo-Adjuvant Chemotherapy. | 
Paris, France (SOMPS-1st International | 
| Congress on Neo-Adjuvant Chemother- 
| apy, Pavillion Jacquart, Hôpital de la Sal- | 
(Dr J. Gibson, The Royal Society of Che- | 


November meetings 


pétriere, 47 Boulevard de L'Hópital - 
75651 Paris, France). 

19-21 November 1985, International Con- 
ference on Advanced Welding Systems, 


; London, (The Conference Office, The 
| Welding Institute, Abington Hall, Abing- 


ton, Cambridge CB1 6AL, UK). 
20-22 November 1985, International Con- 
ference on Nitrates in Water. Paris, France 


December meetings 
2-4 December 1985, International Confer- 


France (CNES, Department des Affaires 
Universitaires 18, avenue Edouard-Belin 
31055 Toulouse, France) 


3-5 December 1985, Ninth Internationa) | 


Online Information Meeting, London, UK 
(J. Mulligan, Learned Information 
(Europe) Ltd, Besselsleigh Road, Abing- 
don, Oxford OX13 6LG) 

3-6 December 1985, Fourth International 
Meeting on Biostereometrics '85, Cannes. 
France (J. Prado, Coordinator Central du 


Congres, ANRT-Association Nationale | 


de la Recherche Technique, 101, Avenue 
Raymond Poincaré, 75116 Paris, France) 
4-5 December 1985, International Confer- 
ence on Electric and Magnetic Fields in 
Medicine and Biology, London, UK (C. 
Dagnall, IEE Press Office, Savoy Place, 
London WC2R OBL, UK). 

11-13 December 1985, IFAC Symposium 


on Modelling and Control of Biotechnolo- | 


gical Processes, Noordwijerhout, The 


Netherlands (IFAC/BIC '85 c/o КІМ, PO | 


Box 30424. 2500 GK The Hague, The 
Netherlands). 


Appointments 


Dr Geoffrey Rivett has been appointed 
Senior Medical Officer at the Department 





| of Health and Social Security. He will take 
8—10 October 1985, International Confer- | 
© ence on the Occupational and Environ- | 


charge of Med PCR division (Primary 
Care, Regional Medical Services) with 
effect from 1 July 1985. 


The Council of the Royal Society has | 
| appointed Dr P.T. Warren as Executive 


Secretary of the society,on the retirement 
of Dr R.W. Keay. 


Dr Lewis Roberts, Director of the UK 
Atomic Energy Authority's Energy Re- 
search Establishment at Harwell, has 
been appointed the first professor of Risk 


| Assessment at the University of East 
| Anglia, Norwich. 








Two appointments have been made to the | 
Medical Research Council with effect 
from 1 August 1985. Professor Wing will 
be Chairman of the MRC's Neurosciences 


| Board, and Professor Newsom-Davis, the 
| present Chairman of the Neurosciences . 
| Board, will be an independent scientific _ 
| member. E 


Three new members have recently been 


| appointed to the Engineering Council. 


They are Mr Norman Holland, UK Group 


| Standards Manager of Philips Electronic 
| and Associated Industries, Sir Richard - 


"Brien, Chairman of the Engineering In- 
dustry Training Board, and Sir Robert 
Telford, Life President of The Marconi 


| Company Ltd. 


Loughborough University of Technology . 
has appointed Professor John Phillips as 

Vice-Chancellor from 1 January 1986, in à 
succession to Sir Clifford Butler. Profes- 


search and Wolfson Professor in the Wolf- ^ 


| son Institute at the University of Hull. 
ence on Spacecraft Structures, Toulouse, | 


| Awards 


Proressor Gert Utermann from the In- 
stitute for Medical Biology and Genetics 
of the University of Innsbruck has been 
awarded the Morgagni Medal for his in- 
vestigations on the pathophysiology of 
familial hyperlipidaemias. The G.B. Mor- ` 
gagni Young Investigator Awards will be. 
awarded to Dr G. Bolli of the University . 
of Perugia and Dr E.Van Obberghen of | 
the University of Nice. 


The William Hopkins Prize of the Cam- 
bridge Philosophical Society has been 
awarded to Dr D.O. Gough of Churchill 
College for his pioneering achievements 
in the subject of helioseismology. 


| The University of Glasgow has appointed 


Dr David W.T. Crompton to the John . 
Graham Kerr Chair of Zoology with effect 

from 1 October 1985. He is presently lec- 
turer in parasitology in the University of 
Cambridge, fellow of Sidney Sussex 


| College, Cambridge and adjunct ргоѓеѕ- 


sor in the division of nutritional sciences, 
Cornell University, New York. 


The International Association of Geron- 
tology has awarded the 1985 Sandoz Prize 
jointly to Sir Martin Roth, Professor of 
Psychiatry at Cambridge (UK), and Dr: 
Karl Esser, Professor of Botany at the: 
University of the Ruhr (FRG). 


The Jung Foundation for Science and Re- 


| search 1985 prize for Medicine has been 


awarded to three recipients. The- 
prizewinners. are: Professor Hendrik 

Coenraad Hemker — for work on the bio- 
chemistry of blood anticoagulation, 
Professor Rudolph Pilchmayer — for work: | 
on liver transplantation and Professor 
Peter К. Vogt — for work on the genetic | 
analysis of retroviruses. 
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UNIVERSITY OFLONDON 


THE LONDON HOSPITAL 
MEDICAL COLLEGE 


MLSO | 


IN THE DEPARTMENT OF 
FORENSIC MEDICINE 


A state registered MLSO is required 
to take charge of the Histopathology 
section. The postholder must have a 
wide knowledge of Histopathologi 
cal techniques, including diatoma 


ceous preparation with preparation 


of gross specimens as required for 
Court ро nation: In addition the 
postholder will be responsible for the 
administration of toxicological 
samples and the conveying ‘of same 


to Guy's Hospital for their analysis. | 


Whitley salary scale £5,738 — £8,096 
plus £1,084 London Weighting 


Contact the Assistant Secretary ' 


Personnel) LHMC Turner Street, 
ondon El 2AD (01-377-8800 x 
3/12) for an application form: which 
should be returned within 21 days of 
this advertisement. (6840)A 


THE UNITED MEDICAL 
AND DENTAL SCHOOLS 


St Thomas’s Campus 


RESEARCH ASSISTANT 
(possibly post-doctoral) ' 


required to work on immunity to and 
the molecular biology of rubella 
virus. Virology experience essential; 


some knowledge of ELISA and' 


PAGE techniques and use of mono 
lonal antibodies an advantage. 


Funding for post is currently being 
sought; anticipated start date early 
September. 


'Salary according to age and 
experience. t 


Applications with cv and names 


and addresses of two referees to, 


Staffing Officer, Dean's Office, St 
Thomas’s Hospital Medical School, 


‘London SE1 7EH, not later than 


18th July, 


1985 quoting ref: 
STH/V/38. 


(6859)A 


IMPERIAL CANCER 
RESEARCH FUND 
Developmental Biology Unit 

^. Oxford ' 
RESEARCH SCIENTIST 


Applications ате invited lor a five year 
appoinunent with the prospect of 


‘tenure. Applicants should be specia- 


lists in any area of developmental 
biology, of senio: postdoctoral status 
and able to plan and execute an 
independent research pregramme 


The Unit which will open early in 
1986 is situated in the Zoology 
Department of Oxford University 
The Director 1s Prof R Gardner and 
permanent staf! members are Drs D 
Ish-Horowicz and J Slack 


Salary range £11,675 to £14,925 
(revision pending). 


For furhter details write or tele- 


‘phone Ms S M Hurley, Imperial 


Cancer Research Fund, 44 Lincoln’s 
Inn Fields, London WC2A 3PX on 
01-242 0200 ext 305 Please quote 
reference 82/85 (6819)A 


UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required to work with Dr D S 
Bendall on an SERC-funded project 
to isolate and characterize ferre 
doxin-plastoquinone — oxidoreduct 
asc, the key enzyme of cyclic photo- 
phosphorylatton in chloroplasts The 
post will be available for three years 
from Ist October 1985 with salary in 
the range £7.980 — £8,920 (under 


review) ' according to age and 
experience 
Applications (with curriculum 


| vitae-.and names of two referees) 


should be sent to Dr D S Bendail, 

Department of Biochemistry, Uni- 

versity of Cambridge, Tennis Court 

Road. Cambridge, CB2 10W, be- 

fore 19th July 1985. Further details 

from Dr Bendall, Tel: 0223-351781. 
| (6834)A 











Manager 
Clinical Reagents 
c. £24,000 + car 


My client is a leading international company providing 


specialised products for use in health care, life-sciences 
research and industry. Its firmly established Clinical — ' 
Reagents Department, is embarking on a major 
expansion programme. . 

We are searching for a key manager for the 
department —,a person combining research credibility 
with entrepreneurial flair. The New Technologies 
Manager will be expected to operate at the leading 


edge ofthe department, foraging inside and outside the · 


company for new technologies that can be applied in 
clinical reagents development. This will obviously need 
an acute awareness of the state-of-the-art together with 
business acumen. The strength to ‘product champion’ 
an idea through to manufacture will be a key role. 

The management responsibilities associated with 
this job are for some 40 professionally qualified 


‘Cambridge Recruitment Consultants 
International Biotechnology Division 
і. 1a Rose Crescent, Cambridge CB2 3LL Telephorie 0223 311316 



















D 


scientists and 3 section leaders who operate from 
'well-found' laboratories (new technology, 
instrumentation and clinical microbiology). 

We would like to discuss this pioneering . 
appointment with candidates aged between 30-40 who 
have several years’ experience of clinical diagnostics, 
ideally including a knowledge of instrumentation. 
Recent experience will ideally have been witha 
diagnostic or a biotechnology company where the 
expertise could be applied to clinical diagnostics. 

: High academic attainmentis a pre-requisite. 

^, Kyoufeel you have the ability called for in this 

advertisement, we would like to take things further with 

you. In the first instance send your curriculum vitae in 

confidence; quoting reference NTM/BT, to 

Geoffrey King, Managing Director at the address below | 
This appointment is open to both men and women. 


New Technologies 


(6912)A 
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CANADA 


The International Development Research Centre (IDRC) is a corpor- 
ation funded by the Government and created by the Parliament of 
Canada to support research designed to adapt science and technol- 
ogy to the needs of developing countries. 


For its Regional Office in Eastern and Southern Africa, situated in 
Nairobi, Kenya, the Centre is seeking a 


Regional Representative 
for the 
Health Sciences Division 


The representative will be required to identify research and re- 
search institutions in the health sector in Eastern and Southern 
Africa; assess research needs and capabilities, as well as con- 
straints to the conduct of research in the region; work with re- 
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MEDICAL RESEARCH 
COUNCIL 


NATIONAL INSTITUTE 
FOR MEDICAL RESEARCH 


Scientific Appointment in 

the Laboratory of Gene 

Structure and Expression 
(Revised advertisement) 


Applications are invited for a 
scientific position in the Labor- 
atory of Gene Structure and 
Expression (Head: Dr F. G. 
Grosveld) in the field of studies 
on the regulation of gene ex- 
pression The candidate will be 
expected to carry out indepen- 
dent research tn an area which 
is compatible with the pro 
gramme of the Laboratory and 
should have relevant postdoc- 
toral experience. Extensive 
experience with recombinant 
DNA technology and tissue 
culture techniques is definitely 
required. 

Information about current 
activities in the laboratory and 
elSewhere in the Institute 1s 
available in the Institute's 
Annual Report which has been 





searchers in developing research proposals, and monitor on-going 


projects. 


Qualifications and Experience Required 


— Medical degree plus graduate training in Public Health or 
Tropical Medicine, orDoctoral degree in Public Health, Epidemi- 


ology or equivalent discipline. 


— Ten years' experience in research and research administration; 

— working experience in developing countries; . 

— knowledge of and contacts with governmental, university and 
private organizations in the health field in Eastern and 


Southern Africa; 


— proven independent research capability in the health field; 
— Excellent command of both spoken and written English and 


working knowledge of French. 


Working Conditions: Extensive travel required. 
The successful candidate will be eligible for a generous overseas 


benefit and allowance package. 


Interested candidates should send their résumé to: Competition 


distributed to major Medical 
Libraries and can be obtained 
by post from the Director's 
secretary. 


The position might be filled 
either by a career or a short- 
term appointment, according 
to the age and experience of 
the candidate. The salary will 
be at an appropriate point on 
the Council's range equivalent 
to University non-clinical aca- 
demic staff scales, plus £1,233 
London allowance and super- 
annuation provision. 


Applications should include 
curriculum vitae, list of publi- 
cations, a brief statement of 
research plans (about 1000 
words), and the names of 
: three persons to whom refer- 
ence may be made, and sent to 
the Director, National Institute 
for Medical Research, Mill Hill, 
NW7 1AA by 19th July 1985, 
quoting ref: GSE/11/C. 


BR/NTR, Human Resources Division, IDRC, P.O. Box 8500, Ottawa, (6854)A 











Ontario K1G 3H9, before August 15, 1985. (NW1867)A 
~~ aen 
DIRECTOR 
NEUROENDOCRINOLOGIST BLOOMFIELD CENTRE FOR RESEARCH IN AGING 
Department of Physiology AT THE LADY DAVIS INSTITUTE FOR 
QUEEN’S UNIVERSITY MEDICAL RESEARCH 


A vacancy exists for an experienced neuroendocrinologist. The 
preferred applicant should have the Ph.D and/or the M.D. 
degree, several years teaching experience and a record of inde- 
pendent research of high quality. The applicant will be expected 
to lead an active research program and to participate in under- 
graduate and graduate teaching. The facilities for research are 
outstanding and the appointment is a regular one under tenure 
regulations. The appointment will be made at a level appropriate 
to the candidate's qualifications 


Applications are encouraged from candidates of either sex. 
Applicants should submit a curriculum vitae, a brief statement of 
their research interests and objectives, selected reprints, and the 
names of three referees from whom a confidential assessment of 
research and teaching abilities may be obtained to: Dr. V. C. 
Abrahams, Department of Physiology, Queen's University, 
Kingston, Ontario, Canada K7L 3N6. (Second Advertisement). 
(NW1870)A 





In Association With 
MCGILL UNIVERSITY 


The Lady Davis Institute will establish a new research group for 
studies in aging. Initially the group will consist of the leader and 
two junior Investigators, with the focus of interest on various 
aspects of the biology of the aging process. It is anticipated that 
three more positions will become available for work in the psy- 
chosocial and epidemiological aspects of aging. 


The successful candidate (M.D. or Ph.D.) must have a demon- 
strated research record of aging or a closely allied area. A tenure- 
track university appointment will be made at the level of As- 
sociate Professor or Professor. Please submit a current curricu- 
lum vitae, a short description of personal research interests, a 
brief comment on the desired areas of expertise of the two junior 
investigators to be recruited, and the names of three referees by 
August 1, 1985, to: Dr. Norman Kalant, Director, Lady Davis 
Institute for Medical Research, 3755 Cote St. Catherine Road, 
Montreal, Que. Canada H3T 1E2. 
in accordance with. Canadian immigration. regulations a 


li- 
cations from Canadian citizens and landed immigrants will be 
considered first. NW1873)A 
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ZURICH 


a Е 
Applications are invited for a faculty position in 


G eo logy 
at the Department of Earth Sciences of ihe University 


and the Swiss’ Federal Institute of Technology in 
Zurich. | ; 


. The new professor will be expected to pa rticipate in the 
general and historical geology parts of the basic 
geology course, to teach historical and regional 
geology in advanced coursesand to supervise diploma 
and doctorate level students in field work projects. ' 


In research a particular interest in stratigraphy with 
interaction in sedimentology and tectonics is desired. 
Candidates should be willing and able to teach at all 
university levels and to cooperate with colleagues 
within and outside the department. 


Applications with curriculum vitae and list of publica- 

tions should be submitted béfore July 15, 1985, to: 

The President of the ETH Zurich 

Prof. H. Urspring 
'CH-8092Zurich. (W1952)A 


Associate Director 
Drug Delivery 
Research 


Smith Kline & French Laboratories is ——À 

research team of Ph.D. scientists to investigate чене: ар coe to 

е delivery of drugs. We are currently seeking an individual to lead the 
mistry Section and serve as ай Associate Director in the Drug 

ivery Department. Research activities emanating from this Section 

should provide a mechanistic understanding of solute transport hi 

membrane surfaces and through biological membranes | 

development of strategies to contro! the luminal flux of drugs. 


Specific areas of research may include: (a) mass transport of drugs across 

selected biological membranes, (b) characterization of those membranes 

- and associated luminal contents with respect to biochemical activity and 
physiological factors, (c) out mass transport studies using 

> pharmacokinetic п 9с ples to define potential routes of administration, (d) 

developi p ambue systems for targeting and/or protecting 

macromo! , and (e) defining interactions of polymerichased — , 

delivery pon cia p^ or carriers at biomembranes, Initial emphasis is to be 

placed s on m delivery of peptides and proteins. 


The candidate should be a nationally or internationally recognized scholar 
with an established record of significant scientific levement in areas 
impacting on drug delivery. 

Presently located in Philadelphia, the he Department will be relocatihg t a 
new state-of-the-art Research and peve opment facilify near Valley Forge. 
We offer an excellent salary, benefits and relocation package as well as the 
opportunity for personal and professional growth. Please forward your 
resume to George F. Kissell, Jr., p onager of Personnel Relations, 

Smith Kline & French Laboratories, 15 6 Spring Garden St., Philadelphia, 
PA 19101. ‚ (NW1884)A 
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UNIVERSITY OF LEIDEN 


The Center for Bio-Pharmaceutical Sciences has a 


'vacancy for a 


full professor of 
biopharmaceutics (m/f) 
IN PARTICULAR DRUG TARGET ING. 
vacancy number: 5-1 62/2407 


The Division of Biopharmaceutics of the Center is 
interided to conduct research on modern methods of 
drugs targeting in vivo, such as, 

— coupling of drugs to macromolecular or colloidal ' 
systems, incorporating target tissue selective 
substrates (e. g. antibodies); ‘ 

— selective bio-activation in situ using prodrugs and 

_ enzyme systems specific to target tissues. 
The Professor of Biopharmaceutics will play a major rol 
in building up the Division's research and teaching. . 


The Center for Bio-Pharmaceutical Sciences is a new 
part of the Faculty of Mathematics and Natural 


‚ Sciences. Its primary objective is to conduct 


multidisciplinary research into the production of drugs, 
and therr disposition and effects in man and animals. In, 
close relation to its research, the Center will also offer 
a3year undergraduate program (M.Sc.level) as wellas 
a 4 year graduate program (Ph.D.level). 

In addition to the Division of Biopharmaceutics, the 
Center contains Divisions of Analytical Chemistry, 
Pharmaceutical Technology, Pharmacognosy/Plant 
Cell Biotechnology, Pharmacology, Medicinal 
Chemistry and Toxicology. 


' All'Divisions have 1 full professorial chair, 2 senior 
faculty positions, 4 positions for graduate research 


assistants, and 2,5 supportive functions (2.0 technical - 
and 0.5 administrative). All positions in the Division of ` 
Biopharmaceutics are still vacant. 

The profile of the Center has been specified in a 
brochure which may be obtained from the Secretary 
Advisory Committee (address below). 


Candidates should have a vast experience relevant to 
the research objectives of the Division of Biopharma- 
ceutics. They are expected to be able to stimulate 
research collaboration with other Divisions of the Center 
as well as with outside partners, including industry. 
Proficiency in management of multidisciplinary 
research is an asset. In addition, candidates should be 
prepared to engage in the design and teaching of 
undergraduate and gráduate courses. 


Candidates should also be willing to learn Dutch. 


Candidates are invited to send a written application, 
with full C.V., to the Secretary of the Selection Advisory 
Committee, MrO. H. Postma, P.O. Box 9502, 2300 RA 
Leiden, The Netherlands (phone: 071-148333, ext. 4219 
of 4788), within two months after the publication of this 
advertisement. Further information may be obtained at 
the same address from the Committee Chairman, Prof. 
dr H. E. Junginger (phone: 071- 148333, ext. 3856 or 


3850 
|. (W1958)A 
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Assistant Professors 
of Plant Pathology 
University of California, Davis 
Two 11-month (1 month vacation) tenure- 
track positions are available January 1, 1986, 
each with 20% teaching and 80% research 
responsibility 
Vegetable Crop Pathologist: Develop an 
original, basic research program on biology 
and control of diseases of vegetable crops, 
including physiogenic diseases, and to par- 
ticipate in teaching Introductory Plant 
Pathology and a graduate course m the 
appointee's area of expertise. 
Fruit Crop Pathologist: Develop an orig- 
inal, basic research program on the biology 
and control of viral, mycoplasma or fastid- 
lous procaryotic pathogens of woody per- 
ennial crops, and to participate in teaching 


UNIVERSITY OF FLORIDA 
FLORIDA STATE MUSEUM 


DIRECTOR 


Applicauons are invited for the Directorship of one of the largest and most acuve university 
museums of natural history The FSM emphasizes research and exhibits on the natural and 
cultural history of Florida and Latin America 


The FSM faculty consists of 24 salaried curators who also hold utular appointments in 
related teaching departments. Physically the Muscum 1s a modern structure central to the 
campus with one floor for each of its three departments, Natural Sciences, Anthropology, 
and Interpretauons The Museum serves dual funcuons as the Florida State Museum, with 
permanent and travelling exhibits and a statewide membership program, and as a Uni- 
versity Muscum, with strong research and educational missions. 


The Directorship 1s equivalent to the rank of Dean within the University of Florida Introductory Plant Pathology and a grad- 
Applicants should have appropriate experience and vision to plan the Museum’s long- uate level course in the appointee's area of 
range growth, to develop a statewide consutuency and fund-raising campaign, to super- expertise. І Г 
vise the research and public education programs of the Museum; апа to maintain liaison Both appointees will also participate in mis- 


"€ ; Al а sion oriented research, University service, 
with officers and lawmakers in state government. and graduate advising/training Applicants 


should have a Ph D. in Plant Pathology or 
related discipline with expertise appropriate 
to the position Send. (a) curriculum vitae, 
(b) official undergraduate and graduate tran- 
scripts, (c) list of official published work and 
Dr. David Webb reprints, (d) statement of teachin and re 
Florida State Museum ы ee 
Gainesville R. K. Webster, Chairman 
Department of Plant Pathology 
ELS. 1 University of California, Davis, CA 95616 
Telephone: (916) 752-0300 
Application deadline: August 30, 1985 
THE UNIVERSITY OF CALIFORNIA IS 


The position opens as of January, 1986 The salary 1s commensurate with qualifications 
and experience and compeutive with that of other major museums Applications naming 
three references should be postmarked no later than October 31, 1985 to. 


The search will be conducted under Florida's “Government in the Sunshine” Law The Univer- 
sity of Florida ts an Equal Employment Affirmative Action Employer. 


WESS IT мА 


Harvard 
Medical 
School 


PROFESSOR 
OF 
MICROBIOLOGY 


There is now a search for a Professor 
of Microbiology and Molecular 
Genetics to carry out a strong research 
program focussed on the relationship 
between growth factors, their recep- 
tors, the control of cellular prolifera- 
tion and oncogenesis at the Dana- 
Farber Cancer Institute. Interested 
individuals should send a letter and 
curriculum vitae to Doctor Samuel 
A. Latt, Genetics Division, Childrens 
Hospital, 300 Longwood Ave., 
Boston, МА 02115 Harvard Medical 
School is an Equal Opportunity/ 
Affirmative Action Employer. 
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Harvard 
Medical 
School 


DEPARTMENT 
OF 
PHARMACOLOGY 


Tenured Professorship — Applica- 
tions are invited for the position of 
Professor in the Department of 
Pharmacology at Harvard Medical 
School. Candidates should have a 
strong background їп neuropharma- 
cology. The position will also involve 
active participation in the teaching 
of pharmacology to medical and 
graduate students Applicants should 
submit curriculum vitae and a state- 
ment of research interest to Doctor 
David Potter, Chairman, Pharma- 
cology Search Committee, Depart- 
ment of Neurobiology, Harvard 
Medical School, Boston, MA 02115. 


Harvard Medical School 1s an Equal 
Opportunity/Affirmative Action 
Employer. 


greinene QM 


tia LE 
(NW1883)A 


AN AFFIRMATIVE | ACTIONIEQUAL 
OPPORTUNITY EMPLOYER 
(NW1881)A 


Harvard 
Medical 
School 


PROFESSOR OF 
PHYSIOLOGY 


The Department of Physiology of 
Harvard Medical School is seeking 
to fill a tenured professorship in the 
field of Systems Physiology with 
special emphasis on the coordination 
of functions at different levels of 
biological organization in the intact 
organism The individual to be 
appointed will assume the following 
duties: carry out research in the field 
of Integrative Physiology, fulfill a 
major role in the teaching of Physi- 
ology to first year medical students 
and praticipate in the training of Ph.D. 
students. Qualified women and 
minonty candidates are encouraged 
toapply Submit curriculum vitae to 
Doctor Elio Raviola, Chairman, 
Physiology Search Committee, 
Department of Anatomy and Cellular 
Biology, Harvard Medical School, 
Boston, MA 02115. 


Harvard Medical School is an Equal 
Opportunity/Affirmative Action 


Employer 
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RESEARCH | 
SCIENTIST 


Bristol-Myers Company, a leader in industrial 
biotechnology and a major international manufacturer of 
pharmaceutical products, has an excellent opportunity in 
its Genetic Engineering Department for a Senior Research 
Scientist to provide support to our Genetic Microbiology 
Research Program 


To qualify, the successful candidate must have a PhD in 
Microbiology or related discipline, with 2 or more years 
postdoctoral research in the molecular biology of antibiotic 
producing orgenisms Experience, documented by 
publications, should include studies of the genetics of 
Streptomycetes, fungi and recombinant DNA technology 
as applied to gene cloning in streptomycetes 
Responsibilities will involve the development of microbial 
Strains with improved production of antibiotics and the 
production of novel antibiotics 


We offer a good starting salary, comprehensive benefits 
anda working environment conducive to your professional 
growth For prompt, confidential consideration, forward 
yourresuméto Department Head, Genetic Engineering 
(NW1886)A 


Д BRISTOL-MYERS COMPANY 
WY INDUSTRIAL DIVISION 

PO. Box 4755, Syracuse, New York 13221 
An equal opportunity employer M/F 


PROFESSOR AND 
CHAIRMAN 


Department of Medical Microbiology 
and Infectious Diseases 


The Faculty of Medicine, University of Alberta, invites applications for 
the position of Professor and Chairman, Department of Medical Micro 
biology and Infectious Diseases, the appointment to be effective July 1, 
1986. The successful candidate will be expected to provide administra 
tive direction and leadership direction and leadership to an actively dev 
eloping department. In order to enhance undergraduate and graduate 
teaching as well as research, the current staff of 8 faculty members in 
Medical Microbiology is being increased by cross appointments of 10 
faculty members in Infectious Diseases Medicine and Paediatrics. Cur- 
rent research interests are directed towards microbial pathogenesis. The 
activities of the University of Alberta Hospitals Microbiology Division 
are also integrated into the department. 

Applicants should have an active research program and be able to attract 
extra-mural support. The programs of the Alberta Heritage Foundation 
for Medical Research provide an ideal opportunity to develop innovated 
research areas. The appointment will be at the professorial rank with 
salary communsurate with' qualifications and experience. Applicants 
should apply enclosing a Curriculum Vitae and the names of three refer 
ees by August 31, 1985 to: 


Dr Douglas R. Wilson 

Dean, Faculty of Medicine 
2J2 Walter Mackenzie Health 
Sciences Centre 

University of Alberta 
Edmonton, Alberta T6G 2R7 


The University of Alberta ıs an equal opportunity employer, but т accordance 
with Canadian immigration requirements, priority will be given to Canadian 
citizens and permanent residents of Canada. (NW1893)A 



































Forestry Commission — 
Farnham, Surrey 


Biometrician/Modeller 


You would work with a small team of mathematical scienusts concerned 
with modelling processes and systems occurring in the forest and forest 
industry The work involves liaison with project leaders (biologists, 
foresters, ecologists) formulating their problems in mathematical form, 
when necessary, and developing and fitting models which will aid in their 
solution The fields of application include deer population dynamics, 
forest windthrow, dra'nage and growth The main project at the current 
time 1s on the development of an integrated forest growth model based 
upon the competition/growth/mortality of a stand of individual trees 
You will be expected to make a substantial contribution to this work 
which will help to optimise forest management practices 





You should have a good degree in mathematics or statistics and 
preferably a post-grad sate degree in an applied mathematical subject 
A physics degree with good statistical knowledge is also acceptable 


Appointment as Scientific Officer £5905- £8150 or Higher Scientific 
Officer £7435-£10,035 according to qualifications and experience For the 
higher grade, at least 2 years' post-graduate experience is required for 
those with a 1st or 2nd class honours degree and at least 5 years' 
experiencefor those with other qualifications SALARIES UNDER REVIEW. 


For further details and an application form (to be returned by 
12 July 1985) write to Mrs K Fielding, Forestry Commission 
Research Division, Alice Holt Lodge, Wrecclesham, Farnham, 
Surrey, СОО 4LH, 
Please quote ref: SA/35/DM 
The Civil Service is an equal opportunity employer 
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The European Molecular Biology Laboratory, an international 
research organization situated in Heidelberg, West Germany, 
invites applicants for the following vacancy at the Labora- 
tory's Outstation at the «Institut Laue Langevin» site in Gre- 


 BIOPHYSICIST 


The successful candidate will have the responsibility of an instru- 
ment of light scattering [photocorrelation and Brillouin scattering) 
This instrument is part of the set-up of the Outstaton which is 
doing structural molecular biology using neutron diffracton, X-rays, 
EM and light scattering The job will include a service activity hel- 
ping visitors It is also expected that the scientist will by involved in 
one of the existing programmes 

The candidate should have a good background in physical 
chemistry 

An above-average salary will be offered to the successful candi- 
date Certain allowances are payable in addition, such as farnily 
allowance, children's allowance and non-resident allowance, 
depending on personal circumstances 

An initial contract of 3 years' duration will be offered to the suc- 
cessful candidate This contract may be renewed, depending on 
circumstances at the ume of review. 
Please write briefly for application form, 
quoting reference 985/14 to 

EMBL, 

Personnel Section, 
Postfach 10 2209, 
D-6900 Heidelberg. 


(W1954)A 
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CHAIRPERSON 


Department of Physiology and Biophysics 


THE UNIVERSITY OF TEXAS MEDICAL BRANCH 
AT GALVESTON 


Applications and nominations are invited for the position of 
Chairperson of the Department of Physiology and Biophysics 
Candidates must be a highly qualified individual with nationally 
recognized credentials in research and senior academic accomplish- 
ments with administrative experience or potential The position offers 
excellent opportunity to develop an internationally leading adademic 
department due to outstanding resources, scientific environment and 
faculty positions. 


Application or nomination should include a curriculum vitae. 
Address correspondence to: James C. Thompson, M.D., 


Chairman, Department of Surgery, The University of Texas 
Medical Branch, Galveston, Texas 77550. у 


The University of Texas Medical Branch is an Affirmative Action! Equal 
Opportunity employer (NW1856)A 






YORK UNIVERSITY 
Department of Chemistry 
ANALYTICAL CHEMISTRY 


Applications are invited for a tenure-track appointment at the rank of 
Assistant Professor. The applicant should have a Ph D. anda strong record 
of accomplishment in advancing a modern area of analytical chemistry 
preferably with interests related to atmospheric environmental chemistry. 
Dedication to excellence in research, as well as in teaching at the under- 


graduate and graduate levels will be expected 

The closing date for applications is October 31, 1985 

Applications consisting of a curriculum vitae, a summary of interests in, 

and plans for research and the names and addresses of three referees 
* should be sent to: Chairman, Department of Chemistry, Room 128 Petrie 

Science Building, York University, 4700 Keele Street, North York, Toronto, 


Ontario, M3J 1P3 CANADA. (NW1871)A 


L] €900000000000000000000000€ 
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The European Molecular Biology Laboratory, an international 
research institute situated in Heidelberg, West Germany, invi- 
tes applicants for the following vacancy at the Laboratory's 
Outstation at the «Institut Laue Langevin» site in Grenoble, 
France 


CRYSTALLOGRAPHER 


The EMBL Outstation at Grenoble is developing structural 
biology using neutron beams An instrument has been built in 
cooperation with the Institut Laue Langevin which will be 
dedicated to low resolution crystallography [- 15 Ао) on com- 
plex objects Work is now being done on protein nucleic acid 
complexes and membrane proteins Projects are brought in by 
outside users or generated by in-house scientists Computing 
facilities are available, including a VAX 750 and a colour gra- 
phic display PS 300 and access to ILL DEC 10 

The post ts for an experienced protein crystallographer to 
develop low resolution neutron crystallography The person 
appointed will be expected to take responsibility both for ins- 
trumental aspects and to develop their own project (possibly 
in cooperation with an outside laboratory} 

An above-average salary will be offered to the successful can- 
didate Certain allowances are payable in addition such as 
family allowance, children's allowance and non-resident allo- 
wance, depending on personal circumstances 

An initial contract of 3 years’ duration will be offered to the 
successful candidate This! contract may be renewed, depen- 
ding on circumstances at the time of review 

Please write briefly for an application form, 


Y reference n°85/15 to (W1955)A 
Personne! Section, "P 
Postfach 10 2209, ки 
D-6900 Heidelberg W= 
a е - 4 
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Re-Advertisement 


HOUGHTON POULTRY 
RESEARCH STATION 


Grant-Aided by the Agricultural 
& Food Research Council 


IMMUNOLOGIST 


Applications are invited from 
immunologists to join a group 
studying cellular interactions in the 
immune system of chickens with the 
long term objective of providing a 
rational basis for the development 
and presentation of vaccines, par- 
ticularly novel vaccines produced by 
genetic engineering techniques The 
initial objective is the production and 
application of monoclonal anti- 
bodies specific for lymphocyte popu- 
lations and subpopulations and the 
development of in vitro assays for 
soluble mediators such as inter- 
leukins 


Applicants should have a first or 
upper second class honours degree in 
a biological subject and preferably a 
PhD, with at least two years relevant 
post-graduate experience. 


The appointments will be made in 
the Higher Scientific Officer grade, 
salary: £7,435 x 6 to £10.039. 


The position is available for a period 
of three years, commencing on a date 
to be arranged prior to October 2nd, 
1985 


For further details and application 
forms please contact the Secretary, 
John Andrews at Houghton Poultry 
Research Station, Houghton, 
Huntingdon, Cambs, PE17 2DA, tel 
St Ives (0480) 64101. Closing date for 
applications is 12th July 1985. 


The Houghton Poultry Research 
Station is an Equal Opportunities 
Employer (6802)A 





KINGSTON POLYTECHNIC 
School of Geology 
SENIOR TECHNICIAN 


Scale 4/5 £7,212 — £8,919 
including London Allowance 


A Senior Technician is required in 
the School of Geology to provide 
support in Mineralogy and Petrol- 
ogy. and structural Geology 


Applicants should hold HND/C or 
degree in Geology or other related 
subject Preference will be given to 
those with suitable experience. 


TECHNICIAN (Part-time) 


Scale 2 £4,421.25 — £4.819.50 
including London Allowance 


The technician is required to work 27 
hours a week to assist with support in 
Mineralogy and Petrology, and Stuc- 
tural Geology. Applicants should 
possess HND/C or degree in Geol- 
ogy or related subject. School leav- 
ers with relevant O/A levels will also 
be considered. Experience would be 
an advantage but is not essential 


Application forms and further de- 
tails from Staffing Officer. Kingston 
Polytechnic, Penrhyn Road. 
Kingston upon Thames КТІ 2EE. 
Tel 01-549 1366 ext 205 Closing date 
Sth July 1985 (6831)A 


NATURE VOL 315 20JUNE 1985 


KING'S COLLEGE 
LONDON (KOC) 
(QUEEN ELIZABETH 
CAMPUS AT KENSINGTON) 


LECTURESHIP IN 
MOLECULAR GENETICS 


Applications are invited for the 
above Lectureship in the Biochemis- 
try Department, tenable from 1 
October 1985, or as soon as possible 
thereafter. 


The appointee will be responsible 
for teaching aspects of Molecular 
Biology to undergraduates and MSc 
students and will be associated with 
the MRC Human Genetic Diseases 
Group under the direction of 
Professor D Robinson. 


A research interest in the applica- 
tion of molecular genetics to the 
diagnosis, treatment or elucidation 
of human disease states 1s therefore 
desirable. 


Salary will be within the range 
£7,520 — £14,925 per annum plus 
£1,233 per annum London Allow- 
ance, Universities’ Superannuation 
Scheme contributions are payable. 


Preliminary informal enquiries 
should be addressed to Professor D 
Robinson at the Biochemistry De- 
partment, Queen Elizabeth Campus 
at Kensington, Campden Hill Road, 
London W8 7AH 


Application forms and written 
further particulars can be obtained 
from Mr S P Harrow, Assistant 
Registrar, King's College London, 
Strand, London WC2R 2LS (tel 01- 
836 5454 Ext 2689). Applications 
should be submitted, with the names 
of not fewer than two referees, not 
laterthan22July 1985. (6881)А 








UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 


POSTGRADUATE 
RESEARCH ASSOCIATE 


Applications are invited for the post 
of NERC funded Research Assoc- 
iate to study genetic variation in a 
Forest Pathogen. The work will in- 
volve the measurement of variation 
in morphology, isozymes, and toler- 
ance to monoterpenes in the ascomy- 
cete fungus Crumenulopsis sororia., 
a pathogen of pines 


The appointment is for a three 
year period from ist September. 
1985 on the 1B salary scale. 


Applicants should hold. or expect 
to obtain a first or upper second class 
degree in an appropriate biological 
science 


Applications, including a curricu- 
lum vitae and the names of two ref- 
erees, should be sent as soon as pos- 
sible to Dr R A Ennos. Department 
of Forestry and Natural Resources. 
University of Edinburgh. King's 
Buildings. Mayfield Road. 
Edinburgh. EH9 3JU 


Please quote reference No 5258 
(6851)A 
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THE UNIVERSITY OF NEW ee RES 


SOUTH WALES : 
Syne), Aur ONCOGENE SCIENCE INC. 
ESSOR Expanding statt at Long Island, NY research faciitie d 
SOHÜOLOFOHEMIONL ae p g d, research facilities due to 
ENGINEERING AND | 

INDUSTRIAL CHEMISTRY Oncogene and growth factor research 
(Centre for Petroleum Engin- to devel oducts for the carly 

eering Studies) о develop products for the сапу ] 


The University of New South Wales 
has been designated by the Federal 
Government as the Centre for teach- 
ing and research in petroleum en- 
gineering in Australia. It 15 now in 
the process of establishing a National 
School of Petroleum Engineering 
that will serve the needs of the 
Australian Petroleum Industry The 
University has established a Centre 
for Petroleum Engineering Studies 
which will offer undergraduate and 
postgraduate degrees in petroleum 
engineering commencing in 1986. 


The Centre draws on existing ex- 
pertise within the Schools of Chemi- 
cal Engineering and Industrial 
Chemistry, Applied Geology and 
Mining Engineering in the Faculty of 
Applied Science. Applications are 
invited for appointment to a Chair. 
The successful applicant initially will 
be Director of this Centre, develop 
the undergraduate teaching pro- 
gram, contribute to research acnvity 
and extend existing links wit 
industry. 


Candidates should have a commit- 
ment to excellence ın undergraduate 
and graduate education and have 
demonstrated research capacity and 
leadership in drilling, reservoir, pro- 
duction, or other areas of petroleum 
engineering. Industrial experience in 
oil and gas production ıs highly 
desirable. 


Enquiries regarding the Chair may 
be addressed to the Dean of the 
Faculty of Applied Science or to 
Professor C J D Fell, Head of the 
School of Chemical Engineering and 
Industrial Chemistry, University of 
New South Wales, PO Box 1, 
Kensington, NSW 2033, Australia. 


Salary. A$54,948 


Subject to consent by the Univer- 
sity professors may undertake a lmi- 
ted amount of higher consultative 
work, 


The University reserves the right 
to fill any by invitation. 


Applications close 16 August 
1985. ; 


For full information about condi- 
tions of appointment and method of 
app icanon write to the Secretary 

eneral, Association of Common- 
wealth Universities (Appts), 36 


Gordon Square, London WC1H 


ОРЕ. 


Equality of employment оррог- 
tunity is University policy. 
' (W1957)A 


TECHNICIAN or EMBRYOLOGIST 
with experience in mammalian 
embryology, required to work for 
IVF clinic in Athens. Salary 
negotiable. Interested persons should 
write in confidence to Dr H G 
Massauras, 3 Marasli Street, Athens 
106-76, Greece. (W1920)A 


detection -- monitoring -- treatment 
of human cancers. 

— Positions Available — 
DIRECTOR OF BIOCHEMISTRY 


Responsible to direct and coordinate corporate biochemistry. pro- 
gram. Ph D in Protein Chemistry — purification and sequenemg, 
8-10 vears postdoctoral experience. Strong publication record 
highly desirable Will contribute to development of diagnostic and 
pharmaceutical products. 


PROJECT DIRECTOR 


Responsible for formatting diagnostc tests for HTIMITE infection 
and oncogene activation. ‘Test development, pilot and scale-up 
operations, standardization of appropriate QC procedures Ph D. 
m Immunochemistry 5-7 years postdoctoral experience in 
immunoassay, format design, product development 


MOLECULAR BIOLOGIST 

TO participate in projects aimed at determining the role of onco- 
genes in human cancer using CDNA cloning, in situ hybridization 
and bacterial expression of antigens. Ph D in Molecular Biology, 
although candidates with Masters degree and appropriate experi- 
ence will be considered 


Be part of the excitement at OSI. 
Send resume and personal data to Scientific Director. 

Oncogene Science Inc , 222 Station Plaza North, Suite 330, 
Mineola, NY 11501 

Competitive salary. Liberal benefits. 
Equity potential. 


Equal Opportunmis трол 


(NW1885)A 








UNIVERSITY OF 


TARIO ASSISTANT MOLECULAR BIOLOGIST 
с. NT ARIO RESEARCH Tenure-track position at the 
, SCIENTIST assistant protossor ievel Tor a 

CANADA Research work on mechanism of idus haue Ps HR DP VOBIS | 

POST-DOCTORAL Pang ana ипо of согот postdoctoral experience and 

POSITION FOR ome-linKe enzyme, phospho- emons rate accompils 
lycerate ki А thet ti- ment іп eukaryote gene ex 
BIOCHEMIST bodies, genetically engineered | | | pression studies, Expertise in 


with experience in ‘enzymology 
(phosphorylation preferred) or in 
cloning and sequencing DNA for 
studies on developing lung Position 
funded by Canadian MRC. Mini 
mum stipend approximately 
$20,000. 


Send curriculum vitae and names 
of 3 referees to Dr Fred Possmayer, 
Genetics Laboratory, Department 
of Biochemistry, University of 
Oxford, Oxford OX1 3QU, UK 

(6841)A 


protein to study relationship be- 
tween biological functions and 


structures. Must have Ph.D. in 
Chemistry and be able to manipul- 
ate and maintain CD, NMR, UV-VIS 
and Spectroflourimeter. 

Job site Duarte, California. 
Salary: $25,000.00 per year. 

Send this ad and your resumé to. 
Job #5373, Р.О. Box 865, 
Sacramento, CA 95804 

not later than July 6, 1985 
(NW1878)A 





recombinant DNA technology 
essential. Ph.D. or M.D. Send 
curriculum vitae, a statement 
of research interest, and the 
names and addresses of 3 ref- 
erences to: Dr. Ralph 
Weichseleaum, Professor & 
Chairman, Dept. of Radiation 


Oncology, Biological Sciences 
Division, The niversity of 
Chicago, Box 440, 5841 S. 
Maryland Ave. Chicago, IL 
60637. An Affirmative Action 


Equal Opportunity Employer. 
1 ЕР (NW1874)À 
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RESEARCH 
SCIENTISTS 


California Biotechnology Inc., an established 
biotechnology company, is seeking scientists at the 
Ph.D. and M.S./B.S. levels to participate in exciting 
research programs. Qualified applicants should 
have experience in one of the following areas: 
Protein and peptide chemistry with broad expertise 
in the purification, characterization, structural 
analysis, or synthesis of novel proteins and 
peptides. 

Monoclonal antibody production with experience in 
both in vivo and in vitrotechniques of hybridoma 
production. ` 
Molecular pharmacology to study ligand-receptor 
interactions and coupling of receptors with 
intracellular mediators of action. 

Molecular biology with experience in recombinant 
DNA techniques and the expression of foreign 
genes in bacteria, yeast, or mammalian cells. 

We offer a comprehensive benefits package and 
competitive salaries. For consideration, please 
submit a curriculum vitae, a list of publications and 
the names ofthree references to: 


Dr. John Shine 
в Director of Research 
California Biotechnology Inc. 
B 2450 Bayshore Frontage Road 
Mountain View, CA 94043 


(NW1880)A 








PROFESSORIAL POSITIONS 


Neurobiology Center 
моши Sina School of Medicine 
. Һе City University of New York 
Mount Sina: School of Medicine! of CUNY announces a new 
initiative in molecular genetics. The Neurobiology Center plans 
to appoint groups of research scientists who are creatively attack- 
ing tmportant biological problems using the most advanced tech- 
niques in molecular genetics. 

е are seeking (ап) established investigator(s), who will 
assume a leadership role, as well as applicants for assistant or 
associate professorships. 

Please send înguiries and curriculum vitae to: 
Dr. Kenneth L. Davis 
Dept. of Psychiatry 
Mount Sinai School of Medicine 
1 Gustave L. Levy Place 
New York, New York 10029 





(NW1868)A 













HERIOT-WATT UNIVERSITY 


Department of Physics and Department of Electrical & 
Electronic Engineering 


RESEARCH ASSOCIATE 


Application of Optical and Electro-Optical Techniques 
to Computing 
Applications are invited for the above interdepartmental research post, 
funded by Burroughs Machines Ltd and aimed at studying the likely future 
impact of laser, nonlinear optical and electro-optical technology on com- 
puter and information processing hardware 


The succesful applicant will be based in the Physics Department and will 
work within a large group funded by the SERC, Industry and the EEC, 
working on nonlinear optics, optical bistability and all-optical computing 
concepts He/she will be expected to carry out experimental research of 
relevance to both these topics and digital electronic computers, such as 
the use of fibre-optic or holographic techniques for realising optical inter- 
connecttons etc. у 
Candidates must have obtained a Ph D. ina field relating to at least osme of 
the areas indicated above The post will be tenable for an initial period of 
three years and the salary will start in the range £7,980 to £9,390 (under 
review) and includes yearly increments 

For further details contact Dr. Andy Walker (031 449 5111). Application 
forms are available from the Staff Officer, Heriot-Watt University, 
Chambers Street, Edinburgh EH1 1HX quoting Reference No. t T 
6872 











THE UNIVERSITY 
OFLEEDS 


DEPARTMENT OF 
ORGANIC CHEMISTRY 


PROJECT ASSISTANT 


Applications are invited for the 
above post in the Wolfson Unit for 
Computer Aided Design of Organic 
Synthesis The work requires a good 
knowledge of Organic Chemistry 
and involves the development of a 


reaction indexing database for use, 


with a new computer program called 
ORAC 


A good honours degree in Chem- 
istry 1s required Ап, interest in 
chemical applications of computers 
would be an advantage 


The post 1s available immediately 
for a fixed term of up to one year. 
There may be the possibility of 
a further fixed-term contract 
thereafter. 


Salary within the range £6,600- 
£8,920 on the IB Grade for Other 
Related Staff — (£6.600-£10,330) 
(under review) according to qualifi- 
cations and experience. 


Informal enquiries may be made 
to Dr A P Johnson {tel 0532 
431751 ext 6071/6058) 


Application forms and further 
particulars may be obtained from the 
Registrar. The University, Leeds 
LS2 9JT. quoting reference no. 
45/39 Closing date for applications 5 
July 1985 (6875)A 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 


MRC PROTEIN 
PHOSPHORYLATION 
GROUP 


RESEARCH ASSISTANT 
(Postdoctoral or Postgraduate) 


The successful candidate will work 
with Dr Grahame Hardie on the reg- 
ulation of hepatic fatty acid synthesis 
by protein phosphorylation The 
study is supported by the MRC for 3 
years and will involve studies of the 
phosphorylation of enzymes in 150 
lated hepatocytes treated with hor- 
mones or other agents (see Eur J 
Biochem (1984) 140, 325-333) The 
МЕС Protem Phosphorylation 
Group consists of the laboratories of 
Professor P Cohen. Dr T Cohen and 
Dr Hardie and is extremely well 
equipped for this type of study The 
position is available immediately but 
persons who can start at any time up 
to January 1986 are invited to apply 
The appointment. which will be for 
one year in the first instance, will be 
on the Research Grade IA (£7,520 
— 212.150) or IB (£6,600 — £8.920) 
depending on age. qualifications and 
experience 


Informal enquiries may be made 
to Dr Hardie at the Department of 
Biochemistry (Dundee 23181 ext 
4253) Applications. including cur 
riculum vitae and the names of two 
referees. should be sent to the Per- 
sonnel Officer. The University. 
Dundee. DD1 4HN as soon as pos- 
sible. Please quote Ref. EST/70/85J. 

(6853)A 
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QUEEN MARY COLLEGE, 
UNIVERSITY OF LONDON 


SCHOOL OF MATHEMATICAL 
SCIENCES 


POSTDOCTORAL 
RESEARCH ASSISTANT IN 
APPLICATIONS OF 
COMPUTER ALGEBRA IN 
CATASTROPHE THEORY 


Applications are invited for a re- 
search assistant to work for two years 
with Dr F. J. Wright, commencing as 
soon as possible after October 1, 
1985. Experience in at least ohe of 
Computer Algebra and Catastrophe/ 
Singularity Theory ıs desirable 
Salary on the Research and Analog- 
ous 1A scale £7,520-£12,150 per 
annum plus £1,233 London 
Allowance. 


Further details may be obtained 
from Dr. Wright ‘ 


Applicants should sent a curne- 
ulum vitae including list of publica- 
tions (two коре) (and copies of any 
that are particularly relevant) and 
the names of two referees to the 
Assistant Personnel Officer, Queen , 
Mary College, Mile End Road, 
London E1 4NS, and quote ref 
dne The closing date is July 31, 


Students interested in studying for 

a Ph.D. in this area are also invited 
to contact Dr Wright directly. 
(6857)A 








THE ROYAL VETERINARY 
COLLEGE 

University of London 

DEPARTMENT OF ANATOMY 


POSTDOCTORAL 
RESEARCH ASSISTANT IN 
CELL BIOLOGY/ 
BIOCHEMISTRY 


To work with Dr J. Bee on modi- 
fications of cell:cell interactions 
in vitro during loss of the cartil- 
age phenotype and their implica- 
tions to osteoarthritis Applic- 
ants should have an interest in 
cell biology or biochemistry of 
the cell surface, particularly 
intercellular junctions and cell 
communication. Experience in 
immunological methods is desir- 
able, but not essential. 


The eminent is funded by 
the Nuffield Foundation initially 
for twelve months with possible 
extension to three years. 


Salary on the Universities’ 
Research Scheme Grade 1A 
scale. Starting salary not less 
than £8,753 per annum including 
London Allowance.  Super- 
annuation under the Universi- 
ties’ scheme. 


Application form obtainable 
from Assistant Secretary (Per- 
sonnel), the Royal Veterinary 
College, Royal College Street, 
London NW1 OTU (Tel: 01-387 
2898). (6856)A 
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STAFF RESEARCH 
ASSOCIATE 
MICROBIOLOGIST. 

Conducts research on particu- 
lar aspects of physiological 
and morphological develop- 
ment of Bdellovibrio bactério- 
virus, in collaboration with 
principal investigator. Must 
have demonstrated working 
knowledge of modern ‘bio- 
chemical, microbiological & 
molecular biology techniques 
including isotope labelling & 
counting; ultracentrifuge; gel 
electrophoresis procedures & 
asceptic techniques; ѕресі- 
men preparation for electron 
microscopy thin sectioning 
techniques and modern elec- 
tron microscope) in addition to 
experience in working with 
two-membered cultures. Ph.D. 
req. $1700/mo. Job located at 
educational institution in Los 
Angeles. Send this ad and 
our résumé to Job #1724, 
.O. Box 865, Sacramento, CA 
95804 no later than 7/5/85. 
Must show you have the legal 
rightto work. (NW1875)A 
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this post. 






POSTDOCTORAL RESEARCH 
POSITION їп the University 
Medical Center Basic Science De- 
partment. Studies in cellular immu- 
nology of the function and develop- 
ment of human thymocytes and T- 
lymphocytes and on gene expression 
of lymphokine receptors. Experi- 
ence in immunology, biochemistry 
and/or molecular biology desirable. 
Send résumé to: Joan Harmon, 
Personnel Department, NYU 
Medical Center, 560 First Avenue, 
New York, NY 10016. An Affirma- 
tive Action/Equal Opportunity 

Employer M/F. (NW1888)A й 





RESEARCH OPPORTUNITY IN 
WEST GERMANY 


CELL BIOLOGIST 








EXCITING 





RESEARCH POST FORA 
PHARMACOLOGIST 


Horsham, West Sussex . 


A new position has arisen in the Pharmaceuticals Division of CIBA- 
GEIGY PLC for a Pharmacologist to join a group undertaking research 
into cardiovascular disease and its treatment. 


The successful applicant will hold a degree in Pharmacology, or a related 
biological science with appropriate post-graduate experience in 
Pharmacology. A high degree of practical skill and the ability to work 
effectively within a multidisciplinary research group will be essential in 


An attractive starting salary is supplemented by a range of fringe benefits 
and conditions of employment which one would expect of a major 
international employer. 


To help us assess your suitability for this post, please send in a letter of 
application together with a cv to: 


Miss S J Byrne, Personnel Officer, Ciba-Geigy Pharmaceuticals, 
Wimblehurst Road, Horsham, West Sussex RH12 4AB. 


CIBA—GEIGY 
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(6909)A 














With experience in light and electronmicroscopic techniques and 
their application to immunological and biochemical studies at 
the cellular and sub-cellular level. The ideal candidate should 
have an MD and/or Ph.D, and postdoctoral experience. 

In addition to the researcher's salary, this federally funded 
position includes salary for a Technician, start-up funds and an 
appropriate supply budget. 

Please send CV and references to: 

Dr. Rolf Kinne : Е 

Director Max-Planck-institut fuer Systemphysiologie 
Rheinlanddamm 201 

4600 Dortmund 1, West Germany. (W1953)A 





POSTDOCTORAL POSITIONS 
HOWARD HUGHES MEDICAL INSTITUTE/ 


PHILADELPHIA К 

Fully funded postdoctoral positions in molecular biology and 
molecular genetics are now available at the Howard Hughes 
Medical Institute of the University of Pennsylvania. Active re- 
search projects include: transcriptional and translational control 
of eukaryotic gene expression, mechanisms of cellular transfor- 
mation and gene amplification, molecular mechanisms of chro- 
matin inactivation and the application of molecular genetics to 
studies of inherited disease. 
For infomation please contact: . 

Dr. Steve Liebhaber, Coordinator 

Howard Hughes Medical Institute 

Department of Human Genetics 

Medical Labs Building/G3 

University of Pennsylvania School of Medicine 

Philadelphia, PA 19104 (NW1869)A 








UNIVERSITY OF ST ANDREWS 
Department of Physiology and Pharmacology 


(a) LECTURESHIP IN PHYSIOLOGY 
(b) WELLCOME LECTURESHIP IN HUMAN 
MUSCLE PHYSIOLOGY 


(a) Applications are invited for an established Lectureship in the above 
Department. Applicants should have a good research record in any field of 
experimental Physiology The Departmént occupies sites at the Bute Medi- 
cal Building and Gatty Marine Laboratory. The successful candidate will be 
based at the Gatty Marine Laboratory and should have research interests 
which make full use of the facilities provided He/she will be required to 
contribute to the teaching of general Physiology to students. Current 
research interests of the Department include ion trans-port, neuropharma- 
cology, muscle and environmental physiology. 

(b) Applications are also invited from candidates under 35 years of age 
with a degree in Physiology or a related discipline, for a Lectureship in 
Human Muscle Physiology funded by the Wellcome Trust. The appoint- 
ment is available for 3 years in the first instance renewable for a further 2 
years The successful applicant will be required to contribute to the teach- 
ing of human and general physiology to students of physiology, pharma- 
cology and physical education. The emphasis of this appointment will be 
on research and candidates are required to submit a 500 word summary of 
their proposed research schemes. 

Salary at appropriate point on scale £7,520 — £14,925 per annum, starting 
salary probably not above £10,720 plus USS. 

Further information about both posts may be obtained from the 
Department. 

Applications (two copies preferably in typescript) in the form of curricu- 
lum vitae, statement of research interests and the names of three ref- 
erees, should be lodged with the Establishments Officer, The University, 
College Gate, St Andrews, Fife, KY16 9AJ, NOT LATER THAN 5 JULY 1985. 
Candidates should indicated clearly which post(s) they are applying EA 
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BRISTOL POLYTECHNIC 


SCIENCE DEPARTMENT 


LECTURER II/SENIOR 
LECTURER IN PHYSICS 


Applications are invited from good honours graduates in 
Physics or Applied Physics with post-graduate or industrial 
research experience Applicants should have an interest in 
aspects of Physics and Engineering related to scientific 
instrumentation and microprocessor technology. He/she will 
be encouraged to maintain a research activity in this or a 
related area 


SALARY SCALE: LII £7,548-£11,175 (Баг) —£12,099 per annum 
SL £11,175-£13,128 (bar)—£14,061 per 
annum 


The appointment will be made on the appropriate scale 
according to relevant previous service/experience. (Progres- 
sion from the Lil scale to the SL scale is in accordance with the 
provisions of the Burnham Further Education Report). 


For further details and an application form, to be returned by 8 
July 1985, please contact the Personnel Office, Bristol Poly- 
technic, Coldharbour Lane, Frenchay, Bristol or ring Bristol 
656261, Ext 216 or 217. 


Please quote Reference Number L/61 in all communications 


Avon County Council is an Equal Opportunities Employer 
(6901)A 





Applications are invited for a position in neurophysiology at the 
Assistant Professor level in the Department of Physiology at the 
University of Manitoba Faculty of Medicine. Candidates should 
have a PhD or equivalent, with two or more years of post- 
doctoral training. Preference will be given to individuals with 
experience and a continuing interest in electrophysiological 
analysis of neural networks and/or neurotransmitter actions 
using in vitro or in vivo systems. Send curriculum vitae, an 
outline of future research plans, and arrange for three letters of 
reference to be forwarded to. Dr. Henry G. Friesen, 
Professor and Head, Department of Physiology, The 
University of Manitoba, 770 Bannatyne Avenue, 
Winnipeg, Manitoba, R3E OWE Canada. Deadline for receipt 
of applications is 1 September 1985 In accordance with 
Canadian immigration requirements this advertisement is 
directed to Canadian citizens and permanent residents. 
(NW1857)A 


ORGANIC GEOCHEMIST 


STANFORD UNIVERSITY 

The School of Earth Sciences ts intent on adding a new program in organic 
gcochemistry and 1s seeking an individual with a solid geologic perspective to 
lead this effort Current research in all four departments in the School including 
Applied Earth Sciences. Geology, Geophysics, and Petroleum Engineering in- 
volves work on sedimentary systems and we view organic geochemistry as an 
emerging tool of fundamental importance to these studies We also think that 
organic geochemistry constitutes a field of especially exciting potential for the 
future studies of the ongin and fate of organic matter in modern and ancient 
sedimentary environments chemical fossils, sedimentary hosted mineral de- 
posiis petroleum geochemistry as well as applications to study of the tectonic 
and sedimentary evolution of continental margins 

Applicants for this tenure-track position should have an established research 
record involving application of organic geochemistry to geological questions, an 
enthusiasm for teaching, and a clear ability to garner and maintain support for 
ther research program We invite applications from both junior and senior 
Scientists but we are most interested in finding a mid-career scientist of inter- 
national reputation who is stimulated by the challenge of establishing a new 
program within the unusually diverse intellectual and geological environment 
offered by the San Francisco Bay region, Stanford University, and the School of 
Earth Sciences 

Applicants should send a letter outlining their research and teaching interests 
along with vita including the names of three individuals familiar with their work 
to 

Prof. James C Ingle, Chairman, Search Committee, 
Department of Geology, School of Earth Sciences, 
Stanford University, Stanford CA 94305 

The level of this appointment is open and may be at Assistant, Associate, or Full 
Professor depending upon the individual selected Application deadline is 
September 30 1985 
Stanford University is an Equal Opportunity Employer and we especially en- 
courage applications from women and minority students (NW1882)A 





PUBLIC HEALTH 
LABORATORY 
SERVICE BOARD 


Central Public Health 
Laboratory 


NATIONAL COLLECTION 
OFTYPE CULTURES 


PLASMID COLLECTION 


A Basic Grade 
MICROBIOLOGIST 


(Ist or 2nd class honours degree or 
postgraduate qualification) 1s need 
ed by the National Collection of 
Type Cultures (NCTC) to complete 
a team of three whose task i5 to es- 
tablish a service supply collection of 
plasmid bearing strains The work 
entails preservation, characteriza 
tion. quality control and cataloguing 
and will initially. concentrate. on 
enterobacterial strains Previous cx- 
perience in plasmid work an advant- 
age. 


NHS conditions of service apply 


Salary scale 6.559 — {8.725 + 
£648 London Weightng 


Further details and application 
forms from the Personnel Depart 
ments Central Public Health Lab 
oratory, 61 Colindale Avenue. 
London NW9 5HT 

(6832)A 





UNIVERSITY OF WALES 
COLLEGE OF MEDICINE 


Tenovus Institute for Cancer 
Research 


RESEARCH TECHNICIANS 


required in the above Institute for 
work on various projects concerned 
with cancer research, some of which 
may have NHS involvement. 


Salary scales and points will be 
dependent upon qualifications and 
experience, ranging from £4,531 to 
£7,159 per annum 


Applications, in the form of a cur- 
riculum vitae with names and ad- 
dresses of two referees, should be 
sent to Mrs Margaret Lewis, 
Tenovus Institute for Cancer Re- 
search, Heath Park, Cardiff, CFA 
4ХХ assoon as possible. (6868)A 


UNIVERSITY OF OXFORD 
Dyson Perrins Laboratory 


ORGANOMETALLIC 
CATALYSIS IN 
ASYMMETRIC SYNTHESIS 


Applications are invited for post- 
doctoral work on a project con- 
cerned with the development of 
asymmetric catalysis and its use in 
the preparation of a range of opti- 
cally active compounds, starting on 
October Ist 1985. or as soon as pos- 
sible thereafter Those interested 
should write to Dr J M Brown, 
Dyson Perrins Laboratory, Oxford, 
OX1 3OY. UK, enclosing a full cur- 
rnculum vitae and the names and 
addresses of two referees. Appoint- 
ment will be for one year at this stage 
with the possibility of renewal, on 
the salary scale £7,520 — £7,980 pa. 
plus USS. (6865)A 


NATURE VOL 315 20JUNE 1985 


UNIVERSITY OF SURREY 


ROBENS INSTITUTE/ 
DEPARTMENT OF PHYSICS 


WELLCOME LECTURESHIP 


Applications are invited from medi- 
cally onentated scientists preferably 
with a medical qualification, for the 
post of Wellcome Lecturer The post 
will be concerned with the develop- 
ment of Magnetic Resonance Imag- 
ing Techniques for the investigation 
of occupationally related disease. 
The successful candidate who will be 
based in the Robens Institute of In- 
dustrial and Environmental Health 
and Safety. will work in conjunction 
with the Department of Physics and 
will join a dynamic interdisciplinary 
team Facilities. within the NMR 
Laboratory include a [.5T inter- 
mediate scale imaging apparatus and 
а 0.15T whole body system The ap- 
pointment is for three years, extend- 
able to five years subject to review 


Applicants should be under 35 
years of age and should not be cur- 
rently holding a tenured University 
post 


Salary will be in the range £7.520 
— £14.925 per annum (under re- 
view). according to age. qualifica- 
tions and experience. Superannua- 
tion under USS conditions. 


For an informal discussion of the 
post please contact Dr L Hawkins 
(Deu Institute) or Dr D Taylor 
Department of Physics) оп 
Guildford (0483) 571281. 


Further particulars are available 
from the Academic Registrar (AA). 
University of Surrey, Guildford, 
Surrey, GU2 5XH. or telephone 
Guildford (0483) 571281. Ext 633 
Applications from men and women. 
in the form of a curriculum vitae, 
including the names and addresses of 
three referees. should be sent to the 
same address by 12 July 1985 quoting 
the reference 399/H (6835)A 


UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF BIOCHEMISTRY 
AND MICROBIOLOGY 


RESEARCH ASSISTANT IN 
BIOCHEMISTRY 


Applications are invited for the 
above post, funded by the Multiple 
Sclerosis Society for two years. The 
successful applicant will be involved 
in the analysis of lipid peroxidation 
products in blood and CSF with a 
view to the development of a pos- 
sible diagnostic test for MS. Some 
experience of HPLC, although not 
essential, would be an advantage. 


Starting salary £6,600 pa on the 1B 
scale, plus USS 


Applications, including full details 
of qualifications and experience plus 
the names of two referees, should be 
sent by 4th July 1985 to Dr MIS 
Hunter, Department of Biochem- 
istry and Microbiology, University 
of St Andrews, Irvine Building, 
North Street, St Andrews, Fife, 
KY16 9AL, from whom further par- 
ticulars may be obtained. (6886)A 
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THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Research School of Chemistry 


POSTDOCTORAL 
RESEARCH POSITIONS 


Applications are invited from suit- 
ably qualified men and women for 
appointment to postdoctoral re- 
search positions in the Research 
School of Chemistry 


Current major research interests 
in the School are: 


ORGANIC CHEMISTRY 


ee A L J Beckwith, Pro- 
essor L N Mander, Mr R W 
Rickards, Dr J K MacLeod, Dr L 
Radom): including free radical re- 
actions; mechanistic and synthetic 
organic chemistry, reactive inter- 
mediates; organic and bio-organic 
chemistry of biologically active com- 
pounds, ICR and mass spectrome- 
try; ESR spectroscopy; theoretical 
organic chemistry. 


INORGANIC CHEMISTRY 


(Professor B G Hyde, Professor AM 
Sargeson, Dr M A Bennett, Dr GB 
‘Robertson, Dr S B Wild): mcluding 
solid state inorganic chemistry; syn- 
thesis, structure and reaction mech- 
anisms of transition metal com- 
plexes; biomimetic chemistry; or- 
ganotransition metal chemistry; 
X-ray crystallography; resolution 
and reactions of chiral arsines and 
phosphines. 


PHYSICAL AND 
THEORETICAL 
CHEMISTRY 


(Professor J W White, Dr J 
Ferguson, Dr R Bramley, Dr L R 
Brown, Dr T R Welberry, Dr D J 
Evans): Novel matenals; low dimen- 
sional phenomena including inter- 
faces; neutron scattering; spectro- 
scopy and photochemistry; photo- 
hysics and magnetic resonance; 
NMR spectroscopy, structure and 
dynamics of macromolecules; X-ray 


disordered materials, liquid state 
chemical physics 


ri 

CONDITIONS OF APPOINT- 
MENT Appointments will be made 
at the levels of Postdoctoral Fellow 
and Research Fellow. The level 
appropriate for each appointee will 
be determined by the University and 
will depend on qualifications and ex- 
perience Appointment as Postdoc- 
toral Fellow will be for one or two 
years; appointment as Research 
Fellow will be for three years ın the 
first instance Salary will be within 
the ranges: Postdoctoral Fellow 
$A22,614 — 25,905 pa; Research 
Fellow $A26,236 — 34,467 pa 
Current exchange rates are $A1:Stg 
54p. $US 68c. $C 90c Grants are 
provided towards travel and re- 
moval. Assistance towards housing 


15 given to an appointee from outside , 


Canberra Eligible appomtees will 
be required to join the Superan- 
nuation Scheme for Australian Uni- 
versities Matermty leave is avail- 
able. The University reserves the 
right not to make an appointment or 
to make an appointment by invi- 
tation at any time. Applicants should 
quote reference number RC 30.5.1 
when submitting applications and 
when requesting further particulars, 
which are available from the Secre- 
tary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
МеН ОРЕ, or from the Acting 
Registrar of the University, GPO 
Box 4, Canberra, ACT 2601, 
Australia. 


There is no application form. Ap- 
plicants should supply to the Actin: 
Registrar of the University by 
August 1985 a curriculum vitae, a list 
of publications, and statement of re- 
search interests, together with two 
passport-sized photographs, the 
names and addresses of three aca- 
demic referees and the probable data 
on which the Postdoctoral Fellow- 
ship or Research Fellowship, if 
awarded, could be taken up. 


The University is an equal oppor- 





diffraction and theoretical studies of tunity employer. (W1961)A 
AUTHORITY MANCHESTER 
THE ROBERT JONES & POSTDOCTORAL 
ORTHOPAEDIC HOSPITAL REESE Eee Ne 
DEPARTMENT OF ANATOMY 
Post Doctoral x iw 
inci i i ications are mvited for this 
говара юте three-year post, funded by the Medi- 
DEPARTMENT OF cal Research Council, to undertake 
RHEUMATOLOGY experiemental studies into Parkın- 
Experience in protein biochemistry | son’s Disease The work will involve 
and immunology essential. ' stereotaxic surgery, deoxyglucose 


As well as providing a quality 
service of immunological mvestiga- 
tions, there is an additional research 
element. Both aspects are closely in- 
tegrated with clinical material. 


Applications, stating age, quali- 
fications and experience, together 
with the names of two referees 
should be sent to the Unit Adminis- 
trator, The Robert Jones & Agnes 
Hunt Orthopaedic — Hospital, 
Oswestry, Shropshire, within three 
weeks of this advertisement Further 
information may be obtained by con- 
tactng Dr D ] Ward, Consultant 
Rheumatologist. (6884)A 


metabolic mapping, receptor bind- 
тр autoradiography and neuroana- 
tomical tracing techniques. Previous 
experience in one or more of these 
would be a distinct advantage The 
post is available from October ist, 
1985. 


Initial salary up to £8,920 pa. 
Superannuation. 


Applications, including the names 
of two referees, should be sent as 
soon. as possible to Dr A R 
Crossman, Department of Anat- 
omy, The Medical School, The Uni- 
versity, Manchester M13 9PT 

(6839)A 


Classified 11 


Imperial Tobacco Limited, the UK's leading tobacco products 
manufacturer, seeks a suitably qualified scientist to jom its 
Research Team. 


INDUSTRIAL 
TOXICOLOGIST 


Bristol £11,500—£13,800 


This position offers an excellent opportunity for a young graduate 

` specialist with flair and creative skills to act in an advisory/ 

consultative capacity on a wide range of the Company's activities 

including Health and Safety at Work. The successful candidate will 

also be expected to keep abreast of any new developments and 
applications 1n methodology and mathematical modelling. 

Candidates should ideally have a post-graduate qualification or at 
least a first-class honours degree in physiology, pathology, genetics or 
other relevant discipline, together with recent experience in 
toxicological research. 

We offer a progressive salary within the range £11,500~£13,800 
dependent on experience, together with an excellent range of benefits 
and staff facilities. 

Please send full CV or write/telephone for an apphcation form to 
А. W. L. Моготоге, Personnel Services, P.O. Box 244, Hartcliffe, 
Bristol BS99 7UJ. Tel. Bristol (0272) 781111 Ext 2206 





Imperial Tobacco Limited 


Imperial Tobacco is an equal opportunity employer. 





ZÜRICH 
Applications are invited for faculty positions in 


Plant Biochemistry 


atthe Swiss Federal Institute of Technology in Zurich. 


One ortwo faculty positions are available in the Faculty 
of Natural Sciences. The successful applicants are 
expected to develop their own research program and 
to participate in teaching basic biology to students of 
biology, forestry and agricultural engineering, rural 
engineering and pharmacy. For the advanced biology 
students the new professors will teach the field of their 
own research. 


The applicants should have a Ph.D. and should have 
performed several years of independent research, 
preferably in the fields of plant physiology or 
developmental plant biology. They should be talented 
and willing to teach at all university levels. 


Applications with curriculum vitae and list of publica- 
tions should be submitted notlater than July 15, 1985, 
to: 

The President of ETH Zurich 

Prof. H. Ursprung 

ETH-Zentrum 

8092 Zurich 


Switzerland. (W1959)A 





Classified 12 


RESEARCH ASSOCIATE and 
RESEARCH SPECIALIST 


positions for conducting research on genetic aspects of biodegredation of hazardous 
chemicals. Postdoctural Research Associates (Ph D ) must have experience in 
recombinant DNA techniques as well as in DNA sequencing. 


One Research Associate will work jointly with the University of Illinois at Chicago 
and an environmental research team in microbial ecology-biotechnology at the U.S 

EPA Laboratory 1n Gulf Breeze, Florida The other Research Associate and the 
Research Specialist (B 5 ) will work jointly with the EPA Hazardous Waste Engin- 


eering Laboratory in Cincinnau, Ohio. 
Send resumés and other details to 


A.M. Chakrabarty 
Department of Microbiol. 
Univ. of Illinois at Chicago 
Health Sciences Center 
Chicago, Illinois 60612 


Phe University of Himos isan E2O/AA Employer 


CENTRAL MANCHESTER 
HEALTH AUTHORITY 
STMARY'S HOSPITAL 


DEPARTMENT OF MEDICAL 
GENETICS 


Immunogenetics Laboratory 


GRADUATE SCIENTIFIC 
OFFICER 


Required to work with Dr G M 
Taylor on the development of Im- 
munogenetic techniques for the 
diagnosis of Down's Syndrome, 
funded by N W Regional Health 
Authority The project involves the 
analysis of cell-surface antigen ex- 
pression by Down's cells. 


Experience in any of the following 
would be advantageous; preparation 
of monoclonal antibodies, cell cul- 
ture, cytogenetics or fluorescence 
flow cytometry 


The position 15 available for one 
year in the first instance, with an ex- 
tension up to three years. Salary up 
to £7,311 pa according to qualifica- 
tions and experience. 


Applications with names of 2 ref- 
erees and informal enquiries to Dr G 
M Taylor, Department of Medical 
Genetics. St Mary's Hospital, 
Whitworth Park, Manchester МІЗ 
OJH Те: 061-276 6472/6499. 
Closing date 30th June 1985. 

(6900)A 





UNIVERSITY COLLEGE 
CORK 


RESEARCH POSITIONS IN 
MICROBIOLOGY/ 
BIOTECHNOLOGY 


POSTDOCTORAL 
RESEARCH ASSOCIATES 


(2) to work on projects involving 
molecular genetics of plant- 
microbial interactions — 


(A) to investigate genes involved in 
carbon metabolism in Rhizobium 
Genetic Engineering); 

(B) to investigate the regulation of 
carbon metabolism in Rhizobium 


and plant growth promoting 
Pseudomonas spp. (biochemical- 
genetics/physiology) 


Positions are available from 1 July 
1985 and salary will be in the range 
IR£8,596-IR£11.173 (less PRSI con- 
tribution) according to experience 


Applications including a С.У and 
the names of two referees should be 
sent as soon as possible to Dr F. 
O'Gara. Microbiology Department, 
University College. Cork. Ireland. 
from whom further particulars are 
available. (6903)A 


(NW1894)A 





UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF BIOCHEMISTRY 
TWO POSITIONS 


are available in a group working on 
the DNA sequences that direct heat- 
shock activation of the yeast gene for 
3-phosphoglycerate kinase. Both are 
tenable initially for 3 years and are 
funded by the SERC Biotechnology 
Directorate. One appointment will 
be made at 


Post-Doctoral 
(RESEARCH 
ASSISTANT JA) 


level and the other at 
TECHNICIAN 
(GRADE 3) 


level. Experience in cloning and/or 
МЫ sequencing would be prefer- 
able. 


Applications for either the post- 
doctoral or technician posts should 
be sent to Dr P W Piper, Department 
of Biochemistry, University College 
London, Gower Street, London 
WCIE 6BT (Tel: 01-387 7050 extn: 
291), to arrive not later than 31 July 
1985. They should include a cv and 
the names and addresses of two ref- 
erees (6858)A 





LEUKAEMIA 
RESEARCH FUND CENTRE 
AT THE INSTITUTE OF 
CANCER RESEARCH: 


TECHNICIAN/RESEARCH 
OFFICER 


required to help organise a molecu- 
lar biology laboratory and actively 
participate in its research pro- 

ramme into Cellular and Molecular 

iology of Human Leukaemia. Ex- 
perience in recombination DNA 
techniques essential. Candidates 
should have a degree, HNC or equiv- 
alent qualification. 


Salary will be in the range of 
£5,738 — £8,096 + £1,042 pa. 
London Weighting allowance, de- 
pending on qualifications and ex- 
perience. Applicants are advised 
that in the majority of the Institute's 
premises smoking is prohibited 


Applications in duplicate with the 
names and addresses of two referees 
should be sent to the Personnel 
Officer, Institute of Cancer Re- 
search, 17A Onslow Gardens, 
London SW7 3AL, quoting refer- 
ence 301/B/86. (6862)A 


THE UNIVERSITY OF 
MANCHESTER 


Theoretical Chemistry Group 


ICI JOINT RESEARCH 
SCHEME 


A Postdoctoral position is available 
for a two year period for a theoretical 
chemist or physicist to participate in 
a fundamental quantum-statistical 
study of the effect of high pressures 
on the electronic stucture of mole- 
cules and molecular processes occur- 
ing in detonation. The work will be 
under the direction of Professor W 
Byers Brown and will be carried out 
їп collaboration with the Detonation 
Research Group, ICI pic, Ardeer. 
Applicants should have experience 
of computational quantum chem- 
istry techniques and preferably also 
with statistical perturbation theor- 
ies. Salary on the IA Range for Re- 
search and Analogous Staff (£7,520 
— £12,150 pa) according to age, 
qualifications and experience. 


Scientific enquiries and «пре 
tions to Professor W Byers Brown 
(061-273-7171 Ext: 5286), Depart- 
ment of Chemistry, The University, 
Manchester MI39PL. (6894)А 





UNIVERSITY OF THE WEST 
INDIES 
Mona, Jamaica 


SENIOR LECTURER/ 
LECTURER IN ORGANIC 
CHEMISTRY 


Successful applicant will be expected 
to participate in the teaching and 
organisation of the courses in the 
Department and to contribute to its 
research programme. 


Salary scales (under review): 
Senior Lecturer J$29,532 x 825 — 
33,657 x 924 — 36,429 (B) x 924 — 
37,353 x 987 — 38,340 Lecturer 
J$23,688 x 768 — 28,296 (B) x 825 
— 33,246. 


Up to five full economy class pass- 
ages plus baggage allowance up to 
US$900 on appointment and normal 
termination. Special allowance up to 
US$300 for shipment of academic 
books and teaching/research equip- 
ment on appointment Unfurnished 
accommodation at 10% of pension- 
able salary or housing allowance of 
20% of pensionable salary. UWI 
contribution of equivalent of 1076 of 
salary to Superannuation Scheme. 
Subsidized Health Service. Annual 
Book Allowance Annual Study and 
Travel Grant for self, spouse and 
three children. Transportation 
allowance to persons who own and 
operate a motor vehicle. 


Detailed рон (three сор- 
ies) giving full particulars of qualiti- 
cations and experience, date of 
birth, marital status, and the names 
and addresses of three referees 
should be sent as soon as possible to 
the Campus Registrar, UWI, Mona, 
Kingston 7, Jamaica, West Indies. 
Applicants in the UK should also 
send one copy to the Secretary Gen- 
eral. Association of Commonwealth 
Universities (Appts). 36 Gordon 
Square, London WCIH OPF. Fur- 
ther details obtainable from either 
source. (W1965)A 
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UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF ZOOLOGY 


RESEARCH ASSISTANT 
(GRADE 1B) 


Applications are invited. for an 
SERC-funded Research Assistant- 
ship to use DNA “mini-satellite 
fingerprinting” in studies of the 
ecology and behaviour of verte- 
brates. 


Applicants should have some lab- 
oratory experience of DNA technol- 
ogy and should have or expect to 
obtain a good honours degree in an 
appropriate field of Biological 
Science. The post is for one year, 
commencing as soon as possible after 
July 1, 1985. Salary £6,600-£8,920. 


Applications, together with a cur- 
riculum vitae and the names of two 
academic referees, should be sent as 
soon as possible to Professor H. C. 
Macgregor, Department of Zool- 
ogy, mversity of Leicester, 
Leicester LEI 7RH. 


Further information can be ob- 
tained by phone from Dr T. Burke at 
0533-554455 extns. 323 or 115. 

(6874)A 


SCHOOL OF HERBAL 
MEDICINE — 
PHYTOTHERAPY 


PART-TIME 
LECTURESHIPS IN 
PHYSIOLOGY AND 

PATHOLOGY 


Two lecturers are required for 
one day per week to lecture in 
physiology and pathology to stu- 
dents studying for the Diploma in 
Phytotherapy (Dip Phyt). The 
posts would be of particular rele- 
vance to lectures interested in 
the application of scientific disci- 
plines to the study of phyto- 
therapy 


For further details apply to: 
The Principal; School of 
Herbal Medicine — Phyto- 
therapy, 145  Forest-Road, 


Tunbridge Wells, Kent. 
(6849)A 


POSTDOCTORAL 
MOLECULAR 
BIOLOGIST 


Position available | immediately 
to join active group studying the 
molecular genetics of RNA splicing 
in E сой Background in RNA pro- 
cessing and/or microbial genetics 
desirable Experiments conducted 
in a well-equipped research facility 
Salary competitive and commen- 
surate with experience 


Send curricumum vitae, descrip- 
tion of future professional goals 
and names of three references to 


Dr Marlene Belfort 
Wadsworth Center for 
Laboratories and 
Research 
New York State 
Department of Health 
Empire State Plaza 
Albany, NY 12201 
(NW1892)A 
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Classified 13 





UNIVERSITY OF 
NOTTINGHAM 


LECTURESHIP IN PHYSICS 
NMR IMAGING 


Applications are invited for a Lec- 
tureship in Physics. The post 1s de- 
signed to strengthen research in the 
applications to medicine and biology 
of nuclear magnetic resonance imag- 
ing techniques The person appoint- 
ed wil! work closely with Professor 
Mansfield on a large project sup- 
ported by the Medical Research 
Council and the DH SS Exper- 
тепсе in NMR 1s desirable but not 
essential. Knowledge of digital- 
electronics.. computer control, fast 
data processing. image analysis 
would also be relevant The lecturer 
will be expected to contribute to 
teaching of these as well as tradi- 
tional physics subjects 


Salary will be in the range £7,500 
to £14,925 per annum. 


Further particulars and applica- 
tion forms, returnable not later than 
5 July 1985, may be obtained from 
the Staff Appointments Officer, 
University of Nottingham, Univers- 
ity Park, Nottingham NG7 2RD 
Ref No. 1001. (6878)A 





VIRAL IMMUNOLOGIST 


The Lady Davis Institute for Medical 
Research, in affiliation with McGill 
University, has a position for an in- 
dependent investigator at the Assis- 
tant Professor level. Candidates 
should hold an MD or PhD degree 
and have at least two years of post- 
doctoral experience. 


Please send curriculum vitae, list 
of publications, a short description 
of proposed research and names of 
three referees to Dr N Kalant, 
Director, Lady Davis Institute for 
Medical Research, 3755 Cote St, 
Catherine Road, Montreal, Quebec, 
Canada H3T 1E2. 


In accordance with Canadian 
Immigration regulations applica- 
tions from Canadian citizens and 
landed immigrants will be consid- 
ered first. (NW1872)A 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF PHYSIOLOGY 
Applications are invited for 
the post of 


LECTURER IN 
PHYSIOLOGY 


The Department is particularly 
seeking a physiologist who 1s a 
veterinary graduate. It would, 
however, also be interested in 
receiving applications from 
candidates with a medical degree or a 
research interest in cardiac muscle. 
The salary will be within the range 
£7,520 - £14,925 per annum together 
with superannuation. 


Applications including the names 
and addresses of two referees, should 
be sent by 28th June 1985, to. the 
Registrar and Secretary, University 
of Bristol, Senate House, Bristol BS8 
ITH, from whom further particulars 
may be obtained. Please quote refer- 
ence TLJ. (6772)A 





MOLECULAR IMMUNOLOGY 
POST-DOCTORAL 


SCIENTIST 


Salary from £9,000 


Celltech, a leader ш the field of 
biotechnology, has achieved its present 
success in the space of hve years. Pioneers in 
several areas, our achievements are based on 
the foundatons of scientific excellence, 
innovation and commercial expertise. 

Celltech's Molecular Immunology group 1s 


expanding its activities in the molecular 


cloning and expression of immunological 
targets, principally antibodies. We are looking 
for a Molecular Biologist/Immunologist, either 
a post-doc or a graduate expecting soon to 
finish a PhD. Experience m molecular or 


cellular immunology would be desirable 
We are an ambitious and forward looking 
company, which places as much emphasis on 


its people as its products. You will work ina 
small fnendly team, gaming invaluable broad- 
based expenence, with plenty of opportumty 
for advancement. 

Please send a detailed c.v to Jane Walley, 
Celltech Ltd., 244—250 Bath Road, Slough, 
Berks SL1 4DY, quoting Ref. 268. 


СЕШТЕСН- 
FE 








UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF PATHOLOGY 
DIVISION OF 
IMMUNOLOGY 


Applications are invited for a 


POSTDOCTORAL 
RESEARCH ASSISTANT 


to join a group working on the 
immune response to neurotropic 
viruses. The successful applicant will 
work on the immune response to 
Theiler's virus infection — an un- 
usual persistent virus infection of the 
central nervous system. Candidates 
should hold or expect to obtain a 
doctorate 1n the field of cellular im- 
munity, and have an interest in viral 
immunology. 


The appointment, which is fi- 
nanced by a grant from the Multiple 
Sclerosis Research Fund is for 3 
years. 


Age range 24-27, Salary ‘range 
£7,520-8,450 under review. 


Formal applications, including the 
names and addresses of two referees 
should be sent to The Superinten- 
dent, Department of Pathology, 
Tennis Court Road, Cambridge CB2 
1QP. Telephone enquiries to Dr A 
Nash (0223) 64631 (6870)A 


UNIVERSITY COLLEGE 
CORK 


RESEARCH POSITIONS IN 


MICROBIOLOGY/ 
BIOTECHNOLOGY 


POSTDOCTORAL 
RESEARCH ASSOCIATES 


(2) 


To work on projects involving mol- 
ecular genetics of plant-microbial in- 
teractions — 


(a) To investigate genes involved 
in carbon metabolism ın rhizobium 
(Genetic Engineering): 


(b) To investigate the regulation 
of carbon metabolism in Rhizobium 
and plant growth promoting pseudo- 
monas SPP (Biochemical-Genetics/ 
Physiology) 


Positions are available from 1 July 
1985 and salary will be in the range - 
IR£8,596 — IR£11,173 (less PRSI 
contribution) according to ехреп- 
ence. 


Applications including a cv and 
the names of two referees should be 
sent as soon as possible to Dr F 
O'Gara, Microbiology Department 
University College, Cork, Ireland, 
from whom further particulars are 
available. (6885)A. 


GREATER GLASGOW 
HEALTH BOARD 


Royal Hospital for 
Sick Children, 
Yorkhill, Glasgow G3 8SJ 


DUNCAN GUTHRIE 
INSTITUTEOF . 
MEDICAL GENETICS 


PRINCIPAL 
SCIENTIFIC OFFICER 


This is a new fixed term appointment 
for three years in the first instance 
made through a grant from New 
Developments in Health Care in 
order to develop molecular genetics 
laboratory services within NHS in 
Scotland The successful candidate 
will be expected to help in the devel- 
opment of DNA Analysis for the 
diagnosis and carrier detection of 
genetic disease 


Candidates should have an hon- 
ours degree in Genetics, Molecular 
Biology or related discipline Post- 
graduate experience im molecular 
genetics is essential. 


Application Form and Job Des- 
cription available from Personnel 
Office. Royal Hospital for Sick Chil- 
dren, Yorkhill. Telephone 041 339 
8888 extension 517 


Closing Date 5 July 1985. 
(6833)A 


UNIVERSITY OF DUBLIN 
Trinity College 


Classified 14 
DEPARTMENT OF 


oj 
MICROBIOLOGY 


RESEARCH FELLOW 


Applications are invited for the 
above post in the Department 
of Microbiology at Trinity 
College, Dublin. 
The appointment which will be 
tenable for a period of two 
years, will involve molecular 
cloning | and , site-directed 
mutagenics of virulence deter- 
minants of bovine isolates of 
Staphylococcus aureus. 
Salary: IR£8,500 per annum. 
Intending candidates should 
submit a full curriculum vitae 
together with the names of 
two referees to 

Dr. T. J. Foster 

Department of Microbiology, 

Moyne Institute, 

Trinity College, Dublin 2 
to arrive not later than 31st 
July, 1985. (6887}А 


ASSISTANT 
PROFESSOR 


Applicants are being sought to 
fill an assistant professorial posi- 
tion to work on leishmaniasis in the 
Department of Medicine, Division 
of Tropical Medicine, of Harvard 
Medical School. 
Applicants should have expertise 
in cellular tmmunology and exper- 
ience in working with these organ- 
isms The person would be expect- 
ed to establish a vigorous research 
and teaching program 
Applicants should send a curric- 
ulum vitae, bibliography, copies of 
publications, names and addresses 
of three referees and a summary of 
both research and teaching object- 
Ives to 
JohnR David, M.D., 
Seeley G. Mudd Building 
250 Longwood Avenue 
Boston, Massachusetts 02115 
Harvard is an equal opportunity/ 
affirmative action employer Appli- 
cations from women and minorit- 
tes encouraged (NW1889)A 





UNIVERSITY OF KENT 
АІ CANTERBURY MAEN, 


Biological Laboratory 
Readership/Senior 
Lectureship in 
Mammalian 
Biochemistry 


Following the election of Dr R B 
Cain to a Chair in the University of 
Newcastle, applications are invited 
for the above post The require- 
ment is for a biochemist with a 
strong research record who will 
take a leading role in planning and 
implementing developments in 
mammalian biochemistry. The 
post is offered on a permanent 
basis and the salary will be on the 
Reader/Senior Lecturer scale: 
£14,135 — £17,705 per annum. 


Forms of application and further 
particulars of the post may be ob- 
tained from the Assistant Regis- 
trar, Faculty of Natural Sciences, 
Chemical Laboratory, The Univer- 
sity, CANTERBURY, Kent CT2 7NH. 


Closing date: 19 July 1985. Please 
quote ref A42/85/N (6899)A 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for an 
SERC funded post to work on the 
mechanisms by which globular pro- 
teins fold into their active state. 
Spectroscopic, scattering, hydrody- 
namic and monoclonal antibody 
techniques will be used to study 
naturally occurring, mutant and re- 
combinant proteins The appoint- 
ment is for three years tenabie from 
September 1985 or soon after 


Salary will be up to £7,980 per 
annum on the Range JA salary scale: 
£7,520 — £12,150 per annum accord- 
ing to age, qualifications and experi- 
ence. 


Candidates with PhD or expecting 
to have gained a PhD by the autumn 
should send applications with curric- 
ulum vitae and the names and 
addresses of three referees to Pro- 
fessor R H Pain, Department of Bio- 
chemistry, University of Newcastle 
upon Tyne, NE1 7RU by July 18th. 
(Telephone 0632 328511 Ext 3437). 

(6891)A 


UNIVERSITY OF BRISTOL 


Tsetse Research Laboratory, 
Langford 


ENTOMOLOGIST 


Applications are invited for a three 
year postdoctoral appointment 
funded by the Overseas Develop- 
ment Administration at the Tsetse 
Research Laboratory, Langford (12 
miles south of Bristol) The success- 
ful candidate will be expected to 
undertake laboratory research into 
the sexual behaviour of tsetse fltes in 
relation to visual and chemical stim- 
uli with a view to improving trapping 
techniques in the field 


Considerable automation of data 
collection i5 anticipated and interest/ 
experience in electronics and micro- 
computers will be an advantage 
Position available from Ist October. 
1985 Salary on 1A Scale within 
range £7.520 — £8.920 according to 
age. 

Reply. with curriculum vitae and 
the names of two referees, by 3151 
July 1985 to Dr P A Langley. Tsetse 
Research Laboratory. Langford 
House. Langford. Bristol. В518 
7DU (6846)A 


BIRKBECK COLLEGE 
(University of London) 


POSTDOCTORAL 
RESEARCH ASSISTANT 


LABORATORY OF MOLECULAR 
BIOLOGY 


DEPARTMENT OF 
CRYSTALLOGRAPHY 


Applications are invited to work ona 
project funded jointly by the SERC 
and Pfizer UK ltd, to study cAMP 

hosphodiesterase enzymes from 
ear muscle as a basis for rational 
drugdesign The project will involve 
protein purification, microsequenc- 
ing cDNA preparation and com- 
puter graphics modelling The appli- 
cants should have experience in at 
least two of these areas The post is 
available immediately 


Salary on the RAIA scale for re- 
search staff (£7,520 — £12,150 + 
£1,233 pa London Allowance) 


Apphcations including curriculum 
vitae and the names of two referees 
Should be sent to the Assistant Secre- 
tary (Personnel), (PRC), (N), 
Birkbeck College, Malet Street, 
London WCIE 7HX by 30th June 
1985. Enquiries to. Professor T L 
Blundell, FRS, at the above address 
oron 01-580 6622 ехї: 284. (6883)A 





LONDON SCHOOL ОЕ 
HYGIENE AND TROPICAL 
MEDICINE 


(University of London) 
Keppel Street, WC1E 7HT. 


PREVENTIVE 
TERATOLOGY UNIT 


Applications are invited for a 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER IN 
BIOCHEMICAL 
TERATOLOGY 


to work on congenital malformations 
associated with environmental 
agents 


The appointment ts for 14 months at 
a salary, depending on age, experi- 
ence and qualifications, on a scale 
which rises to £6,726 plus £1,042 
London Weighting per annum 


Applications, stating qualification 
and experience and the names of two 
referees, should be sent to the Assis- 
tant Personnel Officer at the School, 
quoting reference (N1). Closing date 
July 10th 1985. (6855)A 





THE UNIVERSITY OF 
MANCHESTER 
DEPARTMENT OF 
BACTERIOLOGY AND VIROLOGY 
POSTDOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for this post 
to work on the obligate intracellular 
prokaryotic. Chlamydia tracho- 
matis. This MRC funded study in- 
volves an investigation of intracyto- 
plasmic events related to persistence 
of infection within cultured eukary- 


otic cells, Applicants with training in 
either cell biology or microbiology 
will be considered; experience of cell 
culture techniques is highly destr- 
able Initial salary range: £7,520 — 
£8,450 pa Superannuation Position 
available from October 1985 for 
3 years Enquiries for further details, 
and applications including CV and 
names of 2 academic referees, to Dr 
Shirley Richmond, Department of 
Bacteriology and Virology, The Uni- 
versity. Manchester M13 9PT 
(6892)A 
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MONASH UNIVERSITY 
Melbourne. Australia 


CHAIR OF 
EARTH SCIENCES 


Applications are invited for the posi- 
uon ot Professor in the Department 
of Earth Sciences An innovative sci- 
entist with a strong research reputa- 
tion 1s sought to guide future 
development 


Established in 1972 Earth Sci- 
ences has-gained recognition for the 
quality of its graduates and tts re- 
search With ten academic and eight 
technical staft. и covers a wide range 
of teaching and research areas The 
Department is well equipped for ex- 
perimental and analytical studies 
and has strong field-based interests. 
Involved in joint research with other 
university departments. industry. 
and government agencies, it attracts 
funding trom both Australian and 
overseas granting bodies The inter- 
national postgraduate research 
group includes six post-doctoral 
workers, thirty PhD and ten MSc 
students 


Areas covered by the Depart- 
ments current activities include 
igneous, metamorphic, and are pet- 
rology/geochemistry. structural ge- 
ology. sedimentology and volcanol- 
ogy palaeoclimatology. palaeontol- 
ogy. isotope and solution geochem- 
istry. regional geology. and tec- 
tonics. A geophysics teaching and 
research program will commence 
shortly with the appointment of two 
academic staff. Workers in the above 
fields, or in апу of the more quantita- 
tive aspects of the earth sciences, will 
find a stimulating research environ- 
ment. but applications from those 
with other interests will be consid- 
ered The successful applicant must 
have outstanding leadership quali- 
ties and the ability to interact posi- 
tively with industry 


Enquiries about the Department 
may be directed to Dr Jan Nicholls, 
Acting Chairman 


Salary. $A54.948 pa. Superannu- 
ation, travel and removal allowance, 
and temporary housing assistance. 


Information on application. pro- 
cedure and further particulars may 
be obtained from the Registrar, 
Monash University. Clayton. 
Victoria 3168. Australia, or the Sec- 
retary General. Association. of 
Commonwealth Universities 
(Appts). 36 Gordon Square. London 
WETH PF 


Applications should reach the 
Registrar not later than 23 August 
1985 Council reserves the right to 
make no appointment or to appoint 
by invitation at any stage 


An equal opportunity employer 
(W1960)A 


Please mention 


nature 


when replying to 
these advertisements 
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deals with t 
and differentiation. 


hybridoma technology, 


| POSTDOCTORAL POSITION 
available immediately їп research-intensive department for Ph.D. in 
елин cell or molecular biology, or immunology Research 

e mechanism of action at the receptor and postreceptor 
level of polypeptide growth factors that induce cellular transformation 


Experience in the following areas 1s desirable: Receptor biochemistry; 
protein 
hormonal regulation of gene expression 
Send curriculum vitae and names of three references to. 
Dr J. Massague 
_ Department of Biochemistry 
University of Massachusetts Medical School 
55 Lake Avenue North 
Worcester, Massachusetts 01605 
An Equal Opportunity! Affirmative Action Employer. 









and peptide purification, 













(NWI891)A 








RESEARCH POSITIONS 


1) Postdoctoral Associate and 2) 
Research Assistant (BS or MS) 
positions available in a research group 
working with RIBOSOMAL 
PROTEIN GENES AND cDNA 
EXPRESSION LIBRARY from 
higher plants DNA cloning and/or 
sequencing experience required. Write 
to: Dr Alap Subramaman, Group 
Leader, Max-Planck-Institut fur 
Molekulare Genetik, Abt Wittmann, 
Ihnestr 63, Berlin-Dahlem, Fed Rep 
Germany. (W1933)A 


GRANTS & 
SCHOLARSHIPS 


IMPERIAL CANCER 
RESEARCH FUND 


BURSARY FOR TRAINING 
IN RESEARCH 


Applicants are invited for an ICRF 
Bursarship tenable for 3 years from 
October 1985 for full time students 
leading to a higher degree in bio- 
chemistry. The bursarship offers the 
opportunity to join an active cell 
membrane research group in the 
Department of Biochemistry, at the 
Royal College of Surgeons, in 
collaboration with the Cell Surface 
Biochemistry Laboratory, ICRF 


The research topic, which will be 
jointly supervised by Professor N 
Crawford and Dr M Crumpton 
(ICRF), involves investigating pro- 
cedures for permeabilising blood 
cells and their use as carrier vehicles 
with encapsulated drugs and other 
agents which activates macrophages 
for sustained tumourcidal effects 


Applications are invited from stu- 
dents, no more than 25 years of age 
on October Ist who hold, or expect 
to obtain a First or Upper Second 
Class Honours degree in Biochemis- 
try or Cell Biology. The award 
carries a grant of £4,865 with pos- 
sible additional allowances. 


Further details and application 
forms can be obtained from: Miss S 
M Hurley, Personnel Officer, 
Imperial Cancer Research Fund, 
Lincoin’s Inn Fields, London, 
WC2A 3PN. 


Please quote reference number: 
85/85. 


The forms should be completed 
and returned by 31st July 1985. 
(6904)H 


Н 








ASSISTANTSHIPS 





UNIVERSITY OF 
CAMBRIDGE 


UNIVERSITY CHEMICAL 
I ABORAIORY 


POSTDOCTORAL 
ASSISTANTSHIP 


Applications are invited. [10m 
molecular biologists for work on the 
cloning and expression of the genes 
for the hey enzymes on the 
biosynthetic pathways to haem, 
vitamin B,» and related macrocycles 
This will be in collaboration with Dr 
C Abell and Professor A R Battersby 


The appointment from a mutually 
agreed date in 1985 15 lor up to 2 years 
at a starting salary within the Scale 
£7520 (for 24 years of age) to £8920 
(lor 27 years of age) with an increment 
after one year. Applications. with 
curriculum vitae and 2 referees’ names 
Should be sent as soon as possible to 
Professor A R Battersby, University 
Chemical Laboratory, Lensfield 
Road, Cambridge, CB2 1EW 

(6812)P 


UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF 
MICROBIOLOGY 
POSTGRADUATE 
RESEARCH ASSISTANT 


MOLECULAR 
MECHANISMS OF 
POTASSIUM TRANSPORT 
IN ESCHERICHIA COLI 


The above SERC-funded Research 
Assistantship is offered for three 
years in the laboratory of Dr Ian 
Booth. The project will involve the 
use of advanced genetic techmques 
and gene cloning to study the mech- 
anisms of regulations of potassium 
accumulation in E coli. 


Salary on Range IB scale for Re- | 


search and Analogous Staff £6,600 
per annum, (scale under review). 


Further particulars and applica- 
tion forms from The Secretary, The 
University, Aberdeen, with whom 
applications (2 copies) should be 
lodged by 11 July 1985 (Ке Мо 
ED/006). (6888)P 
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SEMINARS & SYMPOSIA 





AN INTERNATIONAL SYMPOSIUM 
ON PULMONARY EMPHYSEMA 
AND PROTEOLYSIS 


14 to 16 January 1986 


Pasadena, California 


State-of-the-art presentations will be given on the 
protease-antiprotease balance in the lung, oxidant- 
antioxidant interactions and their influence on pro- 
teases, cigarette smoke components, tissue injury 
and inflammation, therapeutic approaches to em- 
physema, and genetic polymorphisms and deficien- 
cies and their effect on disease. A full symposium 
volume will be published. 


Attendance is limited. For more information and 
application, please write to: Charles Mittman, M.D., 
City of Hope Medical Center, 1500 East Duarte 
Road, Duarte, Calif. 91010. 










(TNO). 

J C. Melgert, J. A van Mourik 
organized. 

For information write to 


DEN HAAG, The Netherlands 





FIRST ANNOUNCEMENT 
4th International Symposium on the Biology of the 


“VASCULAR ENDOTHELIAL CELL’ 
Noordwijkerhout, The Netherlands, 19-23 August 1986 
This meeting ts the fourth їп a series, which began with a symposium at 
Cold Spring Harbor ım May 1980. It will be organised in co-operation 
with the Netherlands Organization for Apphed Scientific Research 
Chairman: P. Brakman, Ph. de Groot, V. W M. van Hinsbergh, W 
In conjuction with the symposium a display of industrial firms will be 


Papers can be presented either by post or orally. 


TNO Corporate Communication Department, P.O. Box 297, 2501 BD 





(NW1876)M 























(W1963)M 





UNIVERSITY OF 
ABERDEEN 


DEPARTMENTS OF 
BIOCHEMISTRY AND MEDICINE 


RESEARCH 
ASSISTANTSHIP 


THE INFLUENCE OF DIETARY 
POLYPHENOLS ON THE 
FIBRINOLYTIC OF MAN 

Applications are invited for the post 
of Research Assistant to work with 
Professor D Ogston and Dr S B 
Wilson. The project will involve an 
assessment of the influence of poly- 
phenols present in food and bever- 
ages on the fibrinolytic system of 
man and an identification. of the 
compounds concerned. The post has 
been funded by the Scottish Home 
and Health Department for two 
ears Applicants should have an 

onours degree in Biochemistry or a 

related topic and may register for a 
higher degree 1f so desire: 


Salary within range £6,600-£7,980 
per annum on the Range 1B Scale for 
Research and Analogous Staff with 
appropnate placing (scale under 
review) 


Further particulars and application 
forms from The Secretary, The Uni- 
versity, Aberdeen, with whom ap- 


porie (2 copies) should be 
odged by 12 July 1985 (Ref No 
EL/008). (6902)P 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


RESEARCH 
ASSISTANTSHIP 


tenable for two years in the first in- 
stance at the Post-Graduate/Post- 
Doctoral level to work in collabor- 
ation with Dr C A B Jahoda and Dr 
R F Oliver on a skin biology project 
with applied potential. 


We are seeking a biochemist with 
interest or experience in growth 
factors to study the control of cell 
proliferation in hair growth (ref, 
Nature, 311, 560-62, 1984). 


Salary will be dependent of qualifi- 
cations, age and experience within 
the range £6,600 —- £8,920 per 
annum (pay award pending). 


Applications containing a full curric- 
ulum vitae and the names and 
addresses of 3 referees should be 
sent as soon as possible to the Per- 
sonnel Officer. The University of 
Dundee. Dundee, DD14HN. Please 
quote reference EST/60/85(J) 
(6843)P 


continued on page 18 
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FELLOWSHIPS 





ALL SOULS COLLEGE 
RESEARCH FELLOWSHIPS 


All Souls College intends to make elections to two Research 
Fellowships tn the course of the academic year 1985-6. 

The Research Fellowships are open to men and women whose 
work lies in following fields of study: Law, History, Philosophy, 
Politics, Economics, English Language and Literature, Classical 
Studies, Mathematical Sciences. The College would not normally 
elect to a Research Fellowship any person who will have reached 
the age of 40 on 1st March 1986. 

The Research Fellowships will be tenable for a period of seven 
years in the first instance, and may be extended for a further 
period of not more than three years. On the expiry of the 
Research Fellowship, a Research Fellow who produces evidence 
of satisfactory achievement may apply to be considered for elect- 
ion to a Senior Research Fellowship. 

Further particulars, including details of stipend and terms of 
appointment, and application forms, may be obtained from the 
Warden's Secretary, All Souls College, Oxford. Applications, on 
the application form, must reach the Warden not later than 19th 
October, 1985. (The envelope containing the application should 
be marked "Research Fellowship".) Applicants must ensure that 
references, from not more than three referees, also reach the 
Warden by 19th October 1985. (6873)E 


BRITISH JOURNAL OF 


EXPERIMENTAL PATHOLOGY 
FELLOWSHIP 


The British Journal of Experimental Pathology ts offering a Fellowship 
in the field of Experimental Pathology, to be awarded competitively at 
the end of 11985 and to be held during the years 1986, 87 and 88 The 
objective ıs to enable younger academic pathologists, whether medi- 
cally qualified or not, to be freed from service, teaching and adminis- 
trative duties fsor a period of three years Preference will be given to 
applicants under the age of 35 years The Fellowship carries a stipend 
commencing at the bottom of the Lecturer scale and an allowance for 
research expenses will also be made 


The closing date is 8 August 1985 Further particulars may be 
obtained from 


The Secretary to The British Journal of Experimental Pathology 
Professor N Woolf 
c/o The Bland-Sutton Institute of Pathology 
The Middlesex Hospital Medical School 
London W1. 




















The Fellowship is confined to applicants from institutes within the 
United Kingdom (6869)E 






EMBO 
European Molecular Biology Organization 
LONG TERM FELLOWSHIPS IN 


MOLECULAR BIOLOGY 
Autumn 1985 — Awards 


Next deadline: 15 August 1985 
EMBO long term post-doctoral fellowships are awarded to promote 
the development of molecular biology and allied research in Europe 
and [srael To be eligible a candidate must hoid a doctorate degree 
and the exchange must involve a laboratory in Western Europe or 
Israel. EMBO fellowships are not, however, awarded for exchanges 
between laboratories within any one country Long term fellowships 
are awarded initially for one year, but depending on a review of 
progress, they may be renewed for a second year In cases of 
exceptional scientific merit renewal for a third year is possible. The 
fellowship comprises a return travel allowance for the fellow and any 
dependents and a stipend and dependents' allowance. 


Since the selection procedure may include an interview, candidates 
are requested to respect the deadline for complete applications which 
is 15 August 1985. Successfu! candidates will be notified of their 
awards immediately after the meeting of the selection committee, 
which is on 21 October 1985. 

Application forms and further details may be obtained from 
Dr. J. Tooze, Executive Secretary, European Molecular Biology 
Organization, Postfach 1022.40, 69 Heidelberg 1, F. " ME 











UNIVERSITY OF ST 
ANDREWS 


DLPARTMENT OI BIOCHEMISTRY 
AND MICROBIOLOGY 


POST DOCTORAL 
FELLOWSHIP 
Applications are invited. for a 
Research Fellowship funded by the 
Medical Research. Council to study 
recognition signals in adenovirus 
replication. The applicant should 
prefereably have some experience in 
either cloning or hybridoma 
technology and will become part of 
the Molecular Virology Group 1n the 
Department. The project will be under 
the supervision of Professor W C 
Russell from whom further infor- 
mation may be obtained (Telephone 

0334 76161 ext 295). 


The appointment will be for 3 
years, starting as soon as practicable. 
Starung salary at appropriate point 
within range £7,520 to £10,330 per 
annum on the 1А Research scale, plus 
superannuation. 


Applications (two copies preferably 
in typescript) with the names of two 
referees should be sent to the 
Establishments Officer, The 
University, College Gate, St Andrews, 
Fife, KY16 9AJ to arrive not later 
than 2nd July 1985 (6813)E 


UNIVERSITY OF BERN 


POST-DOCTORAL 
FELLOWSHIP 


YEAST 
MOLECULAR GENETICS 


This position opens on Ist October 
1985 for a duration ot two years with 
possible extension The holder of 
thts position 15 expected to develop 
his own project in the frame of our 
group working on genetic recombi- 
nation in S pombe Funding is from 
the Swiss National Science Foun- 
dation 





Please send curriculum vitae. publi- 
cation list and the names of two per- 
sons for reterences to Dr J Kohli. 
Institute of General Microbiology. 
Baltzerstr 4. CH-3012. Bern. 
Switzerland, (WI1956)E 


UNIVERSITY OF 
NOTTINGHAM MEDICAL 
SCHOOL 


POST-DOCTORAL 
FELLOWSHIP (MRC) IN 
HUMAN PHYSIOLOGY 


The appointed person will join a 
small group under the leadership of 
Dr С T M Davies working on the 
physiology and biochemistry of el 
derly human muscles within the De- 
partment of Physiology and Pharma- 
cology. 


Post-graduates with appropriate 
experience of physiology interested 
in this Fellowship should write in the 
first instance to Professor P H 
Fentem, Department of Physiology 
and Pharmacology, Medical School, 
Queen's Medical Centre, Notting 
ham NG7 2UH, enclosing a curricu- 
lum vitae and the names of two 
referees (6895)E 








ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


DEPARTMENT OF BIOCHEMISTRY 
AND CHEMISTRY 


JUNIOR RESEARCH 
FELLOWSHIP 


Applications are invited from Grad- 
uates or students obtaining a good 
honours degree this summer in Bio- 
chemistry or related subjects for a 3 
year Jumor Research Fellowship. 
The successful candidate will register 
for a higher degree ın the University 
of London. The project concerns the 
Biochemistry of blood platelet acti- 
vation. There will also фе ап оррог- 
tunity to apply biochemical tech- 
niques to an investigation of ab- 
normal platelet behaviour. 


A curriculum vitae and the names 
of 2 academic referees should be sent 
to Dr K R Bruckdorfer, Department 
of Biochemistry and Chemistry, 
RFHSM, Rowland Hill Street, 
London NW3 2PF, as soon as 
possible 


Further details are available on 
request. (6896)E 


MERTON COLLEGE, 
OXFORD 


JUNIOR RESEARCH 
FELLOWSHIPS AND 
SENIOR SCHOLARSHIPS 
1986 


The college proposes, 1f candidates 
of sufficient merit present 
themselves, to elect to two or 
three Junior Research Fellowships 
and to two or three Senior 
Scholarships in 1986. These 
awards are open to both men and 
women Candidates for Junior 
Research Fellowships must be 
under the age of 27 on 1 October 
1986, candidates for Semior 
Scholarships must be under the 
age of 26, or, in the case of 
Oxford graduates, must not have 
exceeded 18 terms from the date 
of matriculation 


Details of the awards and of 
the method of applying for them 
may be obtained from the War- 
den’s secretary, Merton College, 
Oxford, OX1 43D. The closing 
date for applications 1s Thursday 
17 October 1985 (6842)E 


POSTDOCTORAL 
FELLOWSHIP 
available in immunology 
Current emphasis is the study of the 
scrapie prion protein Techniques will 
include chemical and recombinant 
DNA synthesis of peptides produc- 
tion of monoclonal antibodies, and 


protein immunochemistry. 
Candidates must havea Ph D , М.р , 
or D У.М. degree and be a U S. citi- 


zen or a permanent resident 
Send curriculum vitae and three let- 
ters of reference to. 

Dr Stanley Prusiner, 

Department of Neurology, 

HSE 781, 

University of California, 

San Francisco, 

California 94143. 
The University of California is an 
Affirmative Action Equal Qpportun- 
ity Employer (NW1879)E 
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The John Hopkins University 


Department of Anesthesiology and Critical Care Medicine 


POST DOCTORAL 
FELLOWSHIP IN RESEARCH 


Applications are invited for this position available tmmediately to study 
the molecular biology of human cytochrome P450. The applicant must 
be creative and highly motivated to carry out independent experimenta- 
tion utilizing human cytochrome P450 under study. 


M D or Ph D. required with 1-2 years experience in molecular biology. 














CANOLFAN 
ASTUDIAETHAU 
TIROEDD CRAS 


COLEG PRIFYSGOL 
GOGLEDD CYMRU 


UNIVERSITY COLLEGE OF 
NORTH WALES 
CENTRE FOR ARID ZONE 
STUDIES 


THE ROBERTSON 
FELLOWSHIP 


Applications are invited for a 
Fellowship, initially for one year, 
commencing September/October, 
1985 from scientists with an interest 
in General Agriculture and еѕресі- 
ally in Animal Husbandry of arid and 
semi-arid areas. 


The successful applicant will con- 
tribute to the teaching of postgradu- 
ate and undergraduate courses and 
participate in the development of the 
Centre, including work on overseas 
contracts. 


A. basic salary in the region of 
£12,500 pa will be offered, but may 
be supplemented by other earnings. 


Further details from: Professor R 
G Wyn Jones, Centre for Arid Zone 
Studies, University College of North 
Wales, Bangor, Gwynedd. 


Applications ue copies), giving 
details of age, education and experi- 
ence, together with the names and 
addresses of two referees, should be 
sent to the Personnel Office, Univer- 
sity College of North Wales, Bangor, 
Gwynedd.LL572DG. (6860)Е 


na 


NEW YORK OFFICE 
Garth Walkes 

65 Bleecker Street 
New York, NW 10012 
Tel: (212) 477-9600 





TORONTO OFFICE 


Peter Drake & Associates 
17 Pine Crescent 
Toronto, Ontario M4E 1L! 
Tel. (416) 690-2423 


LONDON OFFICE 
4 Little Essex Street 
London WC2R 3LF 
Tel 01 240 1101 
Telex 262024 


Contact: Roy C. Levitt, M.D., The John Hopkins University, 
Department of Anesthesiology and Critical Care Medicine, 
Blalock 1410, Baltimore, Maryland 21205. Telephone (301) 
955-7609. NE 


822)E 





Research studentship available m 
October 1985 to study the bio- 
chemical basis of herbicidal action of 
bleaching nitrodipheny-lethers, in 
collaboration with Shell Research 
Ltd. The project will involve the use 
of protein affinity labelling 1n puri- 
fied plant membrane fractions. Can- 
didates should expect to have a First 









STUDENTSHIPS 


MUE 


University of Wales 





APPLIED CHEMISTRY 
RESEARCH 
STUDENTSHIPS IN 
BIO-INORGANIC 
CHEMISTRY 


(Fixed-term 3 years) 

To work in the field of chemical 
speciation modelling. Research 
areas include the speciation and 
bioavailability of trace metal ions in 
food stuffs, the interaction of 
pharmaceutical agents with metal 
ions and the chemical speciation of 
radioactive waste disposal 
systems. 

Details from Professor David R. 
Williams, Department of Applied 
Chemistry, UWIST, PO Box 13, 
Cardiff CF1 3XF 


RESEARCH 
ASSOCIATES 
(fixed-term 2 years) 

Chemical modelling of trace 
metal ions in natural waters, 
including the chemical speciation 
of radicelements іп disposal 
systems. 
Salary. Within Range 1A Research 
and Analogous Staff. 
£7,520-£12,150 per annum 

Requests (quoting Ref C72) for 
details and application form to 
Staffing Office, UWIST, PO Box 68, 
Cardiff CF1 ЗХА. 
Closing Date: 25 July 1985. 

i837) F 


ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 





Norfolk Place, London W2 1PG 


SERC CASE STUDENTSHIP 
Applications are invited for a SERC 
Case Studentship in collaboration 
with Shell Research Limited (Dr D 
H Hutson) for research (leading to a 
PhD degree) into the effect of en- 
the 


vironmental conditions on 
metabolism of chemicals by fish. 


Applicants should have, or expect 
ot obtain, a first or second class 
honours degree in biochemistry, or 
chemistry, and have an interest in 
chemical and environmental toxi- 


cology. 


Applications, including the names 
and addresses of two referees, 
should be sent to the Assistant Sec- 
retary (Personnel) at the above 
address by 3 July 1985. For further 
details of the studentship contact Dr 
P Millburn tel no: (01) 723-1252 ext 


118 (6907)F 








































or Upper Second Class honours 
degree in Biochemistry or a related 
subject. 


Applications, including cv and the 
names of two referees, should be 
sent to Dr J R Bowyer, Department 
of Biochemistry, Royal Holloway 
and Bedford Colleges, Egham Hill, 
Egham, Surrey TW20 0ЕХ (те: 
0784 34455, ext: 259a) (6879) F 


THE UNIVERSITY OF 
SHEFFIELD 


RESEARCH STUDENTSHIPS 
IN PHYSICS AND 
GEOPHYSICS 


leading to the degree of PhD, are 
available in the following areas. 
Condensed Matter Physics 
Metallic Glasses 

Amorphous Semiconductors 
Magnetism and Resonance 
Studies 

Isotope Geophysics 

Space Geophysics 

Theoretical Physics 


Applications are invited from grad- 
uates with first or upper second 
class degrees in Physics, Chemis- 
try, Geology or Engineering 


For further details please contact 
Professor LG. Austin, Physics 
Department, Sheffield University, 
Sheffield S3 7RH. Telephone (0742) 
78555 Ext 4351. Quote ref 
R300/G. (6906)F 








UNIVERSITY OF DURHAM 


SERC CASE RESEARCH 
STUDENTSHIP 


The Mode of Action of a New 
Chemical Hybridising Agent. 


Graduates in Plant Sciences, or 
other suitably qualified applicants, 
are invited to apply for the above 
studentship leading to the degree of 
PhD. The work will be carried out in 
collaboration with Shell Research 
Ltd, Sittingbourne, Kent. 


The project will be centred upon a 
combined biochemical and bio- 
physiological study of pollen devel- 
opment and behaviour in a variety of 
species, as modified by a new chemi- 
cal hybridising agent. The work will 
involve autoradiography, micro- 
scopy (using newly developed epi- 
fluorescent techniques), amino acid 
and protein analysis 


Enquiries are invited to Dr P 
Gates, Department of Botany, 
Science Laboratories, South Road, 
Durham, DHI 3LE (tel. 0385 
64971), from whom further particu- 
lars may be obtained (6910)F 
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ROYAL HOLLOWAY AND UNIVERSITY OF 
BEDFORD COLLEGES ABERDEEN 
(University of London) DEPARTMENT OF ENGINEERING 
DEPARTMENT OF BIOCHEMISTRY A MAJOR IMPACT IN 
SERC/CASE STUDENTSHIP ELECTRONICS 
IN HERBICIDE 
BIOCHEMISTRY The University of Aberdeen, as part 


of a major new initiative in Electron- 
ics, 15 looking for research students 
for the following SERC CASE 
awards Commencing October 1985. 


Knowledge Representation 
Using Massively Parallel 
Processors 
in collaboration with the Admuralty 
Research Establishment — (Ports- 
mouth, UK) and Carnegie Mellon 

Unversity (Pittsburg, USA) 

A Reconfigurable, Fault 
Tolerant Network using Spread 
Spectrum Code Division 
Multiple Access Techniques 
in collaboration with the Admuralty 
Research Establishment — (Ports- 
mouth, UK) and Netek Corporation 
(Chelmsford, Massachusetts, USA). 
A methodology for the Design of 
Digital Systems 
in collaboration with Fairchild Semi- 
conductor (Reading, UK) and the 
Knowledge-Based VLSI Design 
Group at Xerox PARC (Palo Alto, 

USA) 

High Level Applications 
Support for VLSI Systems 
in collaboration with Fairchild Semi- 
conductor (Reading, UK) 
Control Protocols for a Packet 

Radio System 

in collaboration with the Royal Sig- 


nals & Radar Establishment (Mal- 
vern, UK) 


Further particulars may be ob- 
tained from Professor C Т 
Spracklen, Department of Engineer- 
ing, University of Aberdeen, 
Natural Philosophy Building, King’s 
College, Aberdeen. AB9 2UE 
(6908)F 





UNIVERSITY OF READING 
SERC-CASE STUDENTSHIP 


Applications are invited for an 
SERC-CASE Studentship, in co- 
operation with IQ(Bio) Ltd of 
Cambridge, tenable for 3 years from 
October 1985 in the Department of 
Microbiology Applicants must 
have, or expect to receive this 
summer, a 1 or 21 honours degree in 
biochemistry or a closely related sub- 
ject and have a particular interest in 
enzymology The successful appli- 
cant will investigate novel ultrasensi- 
tive enzyme-labelling systems for 
enzyme-linked immunosorbent 
assays (ELISA) and will register for 
a higher degree A minimum of 3 
months will be spent at the IQ(Bio) 
Research Laboratories during the 3 
years The value of the Studentship 
1s £3,335 pa tax free (under review), 
plus University fees 


Applications with full curriculum 
vitae including a telephone number 
and two academic referees should be 
sent as soon as possible to Dr L J 
Zatman, Department of Microbiol- 
ogy. University of Reading, London 
Road, Reading RG! SAQ 

(6852)F 
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"Southampton 
THE 
UNIVERSITY 


INSTITUTE OF CRYOGENICS 
CASE RESEARCH 


STUDENTSHIP 


Applications are invited for an 
SERC/British Gas CASE studentship 
to study instabilities in cryogenic 
liquids using LDA, microthermo- 
meter and flow visualisation tech- 
niques 
Apply to 

Professor R.G. Scurlock 

Institute of Cryogenics 

University of Southampton 

Southampton SO9 5NH 

(6893)F 





RESEARCH STUDENTSHIP 


Applications are invited for an MRC 
research studentship, tenable in the 
MRC Cell Biophysics Unit at King's 
College London, for work in one of 
the folowing areas: Muscle structure 
on cross-bridge kinetics; cellular de- 
velopmental neurobiology; cell 
movement; structure of the cyto 
skeleton 


Applicants should send a copy of 
their curnclum vitae, and ask two 
academic referees each to forward 
an assessment, as soon as possible to 
Mr D M Drummie, King's College 
London, 26-29 Drury Lane, London 
WC2B5RL (6890)F 


THE UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF BOTANY 


SERC-CASE STUDENTSHIP 


NITRATE REDUCTION IN 
PLASTIDS OF HIGHER 
PLANT ROOTS 


Applications are invited trom gradu- 
ates and final-year undergraduates 
for a 3 year studentship to be super- 
vised by Dr M J Ете (Department 
ot Botany. University ot 
Manchester) and Dr D P Hucklesby 
(Long Ashton Research Station, 
Bristol) The aim ot the project is to 
identity and characterise the natural 
election donor tor nitrite reductase 
in roots, and the person appointed 
will receive traming in the tech- 
niques of protein purification, im- 
munobiochemistry. and organelle 
оіапоп Applicants should have, or 
expect to obtain. a First or Upper 
Second class Honours degree in Bio- 
chemistry. Biology or Botany and 
have an interest in plant metabolism 
and enzymology 


Applications containing a curticu- 
lum vitae and the names and 
addresses of two teterees should be 
sent as soon as possible to Dr M J 
Emes, Department ot Botany. The 
Unversity, Manchester МІЗ 9Р1. 

(6838)F 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF 
MICROBIOLOGY 


Applications are invited for a 
POSTGRADUATE 
RESEARCH STUDENTSHIP 


The research project will involve in- 
vestigation of the molecular genetic 
and physiological basis of virulence 
in pathogenic Neisseria. 


The studentship is funded by 
MRC and 1s for three years, starting 
on Ist October, 1985 Applicants 
should have a First or Upper Second 
Class Degree in Microbiology, Bio- 
chemistry, Genetics or a related 
discipline. 


Informal enquiries may be made 
to Dr J R Saunders, Tel: 051-709 
6022 Ext: 3159. 


Applications together with the 
names of two referees should be re- 
ceived as soon as possible by The 
Registrar, The University, PO Box 
147 Liverpool, L69 3BX 


Quote Ref. RV/117/N. (6867)F 


ROBERT GORDON'S 
INSTITUTE OF 
TECHNOLOGY, 
ABERDEEN 


SCHOOL OF PHARMACY 
RESEARCH STUDENTSHIP 


Applicants with 1st or 2nd Class 
Honours Degree in Pharmacy or 
Pharmacology to study the mechan- 
isms of action of possible anti- 
thrombotic drugs 


Project funded by the British 
Technology Group and supervised 
by Dr GM Smith 


Application forms from: The Per- 
sonnel Department, Robert 
Gordon's Institute of Technology, 
Schoolhill, Aberdeen, АВ9 IFR 

(6866)F 


UNIVERSITY OF 
LEICESTER 
Department of Genetics 


Applications are invited tor a SERC 
teseatch studentship in. Сепсис» 
tenable for 3 years Пот October 
1985. The awaid is ‘earmarked’ by 
SERC for research in the genetic 
analys» of Drosophila. behaviour 

Appheants should have or expect to 
have a degree (1st class o: 2/1) ina 
Biological subject and have an interest 
1n molecular, genetic ot evolutionary 
aspects of behaviour. 


The Department 15 well equipped 
for research in. genetics. апа has 
excellent fachues tor molecular 
biology 


Enquinies and applications may 
be made to Di C Р Kyniacou, 


Department of Genetics, Adrian 
Building, University of Leicester, 
Leicester I Ef 7RH (681DPF 


UNIVERSITY OF 
LEICESTER 


SCHOOL OF BIOLOGICAL 
SCIENCES 


(BOTANY DEPARTMENT) 
SERC — CASE 
STUDENTSHIP 
(ICI Corporate Biosciences 
Group) 


An SERC-CASE Studentship 1n col- 
laboration with Dr W Schuch of the 
ICI Corporate Biosciences Group 1s 
available to work on a project con- 
cerned with the molecular biology of 
phytochtome action in light-grown 
plants, with particular respect to the 
control of growth and lignification in 
crop plants experiencing mutual 
shading. The work will involve the 
use of cDNA probes to estimate 
PAL mRNA levels and to measure 
specific transcription rates. 


Applicants having, or expecting to 
achieve, at least an Upper Second 
Class Honours Degree in an approp- 
riate subject should submit a curricu- 
lum vitae, with the names of two 
referees, as soon as possible to Pro- 
fessor H Smith, Department of 
Botany, University of Leicester, 
University Road, Leicester. 

(6863)F 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF BOTANY 
Applications are invited for an 


SERC RESEARCH 
STUDENTSHIP 


commencing October 1985 to work 
т one of the following areas of plant 
science: — physiology/biochemistry, 
molecular genetics, ultastucture, 
mycology or phycology. Candidates 
should possess or expect to obtain at 
least an upper second class honours 
degree in a Biological Science or re- 
lated subject. 


Applications, which should in- 
clude a cv and the names of two ref- 
erees should be sent as soon as pos- 
sible to Professor А E Walsby, De- 
partment of Botany, University of 
Bristol, BS81UG. (6897)F 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF BIOCHEMISTRY 


SERCSTUDENTSHIP 
October 1985 


Applications are invited. for a 
studentship expected to lead to a 
Ph.D. degree for research on inher- 
ited biochemical lesions resulting in 
ketoacidosis in humans. The work 
will involve cultured skin fibroblasts 
from affected and unaffected 
individuals. 


Applicants will need a first or 
upper second class honours degree in 
Biochemistry or a closely related 
subject 


Applications including curnculum 
vitae and names of two academic 
referees to Dr В. Middleton, 
Department of Biochemistry, 
University of Nottingham Medical 
School, Queen’s Medical Centre, 
Nottingham NG7 2UH (6877) F 
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UNIVERSITY COLLEGE 


LONDON 


DEPARTMENT OF 
PHARMACOLOGY 


MRC RESEARCH 
STUDENTSHIP 


Applications are invited for MPhil/ 
PhD work on electrophysiological 
investigations (particularly single 10n 
channel recording) in peripheral 
ganglion cells and/or CNS neurons 


Send CV and names of two 
referees to Professor D Colquhoun, 
Dept of Pharmacology, University 
College London, Gower Street, 
London WCIE 6BT. (6882)F 


UNIVERSITY OF OXFORD 


Dyson Perrins Laboratory 
(Organic Chemistry) 


SERC POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIPS 


Applications are invited for post- 
doctoral research assistantships to 
work on the Isolation, Characterisa- 
tion and Modification of Beta- 
Lactam Biosynthesis Enzymes from 
Cephalosporium and Streptomyces 
One post will involve enzyme iso- 
lation. kinetics, enzymatic synthesis 
of novel Beta-lactam antibiotics etc 
and the other one will involve the 
application of Recombinant DNA 
techniques. Candidates with experi- 
ence of enzymology, molecular biol- 
ogy or bioorganic chemistry will be 
preferred The appointments are on 
the RAIA scale with starting salary 
up to £8,920 pa plus USS according 
to age and experience and would be 
imtially for one year from October 


1985 with the possibility of 
extension 
Applications with curriculum 


vitae and the names and addresses of 
two referees should be sent as soon 
as possible to Prof J E Baldwin, 
Dyson Perrins Laboratory. South 
Parks Road. Oxford, OX1 30Y 
(6848)P 





CITY OF LONDON 
POLYTECHNIC 


Post-Doctoral 
Research Assistantship 
in Dendrochronology 


Applications are invited for an 
SERC-funded post-doctoral 
Research Assistantship to be held 
jointly by the City of London Poly- 
technic and The Queen's University, 
Belfast. The successful applicant, 
who will be required to work for two 
years on the dating of buildings in 
north-west France by dendrochron- 
ology, will be based largely in 
London, but must expect to spend 
some time in Belfast and significant 
penods each year in the field in 

rance. Previous experience of den- 
drochronology work is highly desir- 
able Starting salary: £8,586 pa inclu- 
ding London Allowance (pay review 
pending) 


Further information and an appli- 
cation form may be obtained Bo 
Professor G I Meirion-Jones, De- 
artment of Geography, City of 
ndon Polytechnic, Old Castle 
Street, London E1 7NT, tel. 01-283 
1030ext 464. (6880)P 
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UNIVERSITY OF 
SOUTHAMPTON 


Clinical Pharmacology/ 
Medicine 1 


SERC (CASE) 
STUDENTSHIPS , 


Applications are invited from good 
honours graduates in pharmacology, 
biochemistry or physiology for the 
following SERC ( ASE) student- 
ships to study: 


1. The biochemical pharmacology 
of dispersed human skin mast cells 
(in collaboration with Roussel Lab- 
oratories Ltd) : 


2 The development of bronchial 
hyper-reactivity in the guinea-pig (1n 
collaboration with Roussel Labora- 
tories Ltd) i 


3 The oxidative metabolism of 
arachidonic acıd ın human and pri- 
mate mast cells (ın collaboration 
with Fisons Pharmaceuticals PLC). 


The studentships are available for 
3 years from October Ist 1985 and 
the successful applicants are ex- 
pected to register for a higher de- 
gree. Further information and apph- 
cations, including curriculum vitae 
and the names of two referees to: Dr 
M K Church, Clinical. Pharmacol- 
ору. Southampton General Hospi- 
tal, Southampton, SO9 4XY. Tele- 
phone 0703-777222 ext, 4312. Apphi- 
cations close June 30th 1985. Please 
quote reference No AJS/85/40/NA. 
(6836)F 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF GENETICS 


NERC RESEARCH 
STUDENTSHIP 


Two studentships are available from 
October 1985 to work on the follow- 
ing projects 


Dr A B Tomsett / Dr DA 
Thurman: Genetics of heavy metal 
tolerance in Aspergillus nidulans. 
This project aims to isolate resistant 
mutants from laboratory strains, to 
determine the genetic and physio- 
logical basis of these tolerances and 
to compare them with other fungal 
species isolated бот metal- 
contaminated environments. 


Prof D A Ritchie/Dr P Strike: The 
distribution of heavy metal detoxifi- 
cation genes in aquatic bacteria. This 
project aims to use previously cloned 
mercury and tellurum resistance 
genes as probes to investigate the 
presence of similar genes in a wide 
variety of bacteria from habitats 
around the River Mersey and to 
identify new genetic elements associ- 
ated with these resistances Contact 
Dr P Strike for further details (051 
709 6022 ext 3113). 


Applicants should have, or expect 
to obtain, a 2.1 or 1st class Honours 
degree in Genetics, Microbiology, 
Biochemistry or Molecular Biology. 
Applications, including a CV and the 
names and addresses of two referees, 
should be sent as soon as possible to 
The Registrar, The University, PO 
Box 147, Liverpool, L69 3BX 


Quote Ref: RV/114/N. (6845)F 








UNIVERSITY COLLEGE 
LONDON 


MRC 
NEUROIMMUNOLOGY 
PROGRAMME and ICRF 

TUMOUR оү 


Department of Zoology 


TWO RESEARCH 
STUDENSHIPS 


Applications are invited for the 

above studentships to study 

a) the molecular basis of cell-cell 
interactions in the develop- 
ment of the peripheral ner- 
vous system using monoclonal 
antibodies and cell culture. 
The MRC group comprises 
approx. 15 scientists and re- 
search students working to- 
gether in the field of devel- 
opmental neurobiology. 
cell surface molecules in- 
volved in the activities of B 
lymphocytes using топо- 
clonal antibody and molec- 
ular techniques. The ICRF 
group comprises approx 25 
Scientists and research stud- 
ents working in a wide range 
of immunological areas. 


Candidates should hold or expect 
to receive a first or upper second 
class honours degree. 
Applications should include a 
C.V. and the names of at least 
two academic referees and be 
sent to: 

a) DrA. W. Mudge and 

b) Dr M. J. Н. Ratcliffe 

Dept. of Zoology 

University College London 

Gower Street 

London WCIE 6BT 


(6871)F 





UNIVERSITY OF WALES 
COLLEGE OF MEDICINE 


DEPARTMENT OF PATHOLOGY 
PhD STUDENTSHIP 
(CRC FUNDED) 


Applications are invited from gradu- 
ates holding or expecting to obtain a 
2(i) degree or higher in biochem- 
istry, molecular biology, or related 
subjects, to work for 3 years on the 
molecular basis of thyroid cancer, 
using both an existing experimental 
model and human thyroid tumours, 


The successful candidate will join 
an established group funded largely 
by the Cancer Research Campaign, 
and will gain experience in a wide 
range of recombinant DNA tech- 
niques, including gene transfer. 


This post is available from 
September Ist. Further information 
can be obtained from Drs D or V 
Wynford-Thomas (Tel No. 0222/ 
755944 Ext 3440) 


Applications, in the form of a cur- 
riculum vitae with the names and 
addresses of two referees, should be 
submitted to the Registrar and Sec- 
retary, University of Wales College 
of Medicine, Heath Park, Cardiff, 
CF4 4XN (quoting Ref No P1/47) 
within two weeks of the appearance 
of this advertisement (6898)F 
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Teesside Polytechnic 


Department of Chemistry 


Department of Chemical Engineering 


(NORTH EAST BIOTECHNOLOGY CENTRE) 


SERC CASE 
STUDENTSHIP 


ASERC Case Studentship is available to commence in 
September 1985. The overall aim ofthe project is the 
design of an industrial process for the selective hydrolysis 
of natural plant lipids using lipase. The award is in 
collaboration with Croda Universal Ltd. who will enhance 
the grant payable to the successful applicant. 


Candidates should hold, or expectto gain a good Honours 
degree in Chemical/Biochemical Engineering or 
Biotechnology. 


Forfurther details and application forms please write to: 
Graham Street, NEBC, Department of Chemical 
Engineering Teesside Polytechnic, Borough Road, 
Middlesbrough, Cleveland. TS13BA. Telephone: (0642) 


218121 ext. 4284 within two weeks ofthe appearance of 
this advertisement. (6850)F 


LIVERPOOL 
POLYTECHNIC 


School of Pharmacy 


CASE STUDENTSHIP 


STRUCTURE-ACTIVITY STUDIES 
ON ALPHA-BLOCKING AGENTS 


Applications are invited for a CASE studentship, in collaboration with 
Reckitt and Colman Pharmaceutical Division, for research into the 
relationships between molecular structure and pharmacological activity in 
aseries of alpha-adrenoceptor antogonists. Applicants should hold, or 
expect to gain this year, at least an upper second class honours degree in 
an appropriate discipline 

Please write giving full details to 

Dr J. C. Dearden, School of Pharmacy, Liverpool Polytechnic, Byrom 
Street, LIVERPOOLL33AF (Tel 051 207 3581 Ext. 2066). 

Liverpool Polytechnic is an Equal Opportunity Employer and welcomes 
applications irrespective of race, sex, marital status or disability (6876)Е 


UMIST 


NEUROBIOLOGY/ 
NEUROCHEMISTRY 


Applications are invited fcr a PhD 
CASE Studentship (sponsors SERC 
and Dow Chemical Co) to work on 
the action of neuronal 5 aydroxy- 
tryptamine in the insect nervous sys- 
tem The project will involve electro- 
physiological techniques in the 
locust (ın particular intracellular re- 
cording) neuroanatomical techni- 
ques, pharmacology and possibly 
biochemical analysis. Applicants 
must be of at least upper second class 
quality. 


For further details write tc Dr NM 
Tyrer, Department of Biochemistry 
and Applied Molecular Biology, 
UMIST, PO Box 88, Manchester 
M60 1QD. Please quote reference 
BIO/S13. (6905) F 


н: 
eas Southampton 
| ^". THE 
А, РА E » 
y UNIVERSITY 
NY Н Е 
Department of Chemistry 
Applications are invited from stud- 
ents holding, or expecting to hold, a 
good Honours Degree in Chemistry 
ora 
STUDENTSHIP 
funded by ICI Organics Division. 
The project involves the electrosyn- 
thesis of reactive metal alkyls 
Applications should be sent to’ 
Dr Derek Pletcher, Department 
of Chemistry, The University, 
Southampton SO9 5NH 


Tel: 0703 559122 ext. 3370 
(6861)F 
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COURSES & CONFERENCES 





ADVANCED COURSE IN FLOW CYTOMETRY: 
ANALYSIS AND FLUORESCENCE ACTIVATED 


CELL SORTING 
Paris, September 9-14, 1985 


Sponsored by. The Cancer Research Association (ARC) - Jacques 
Crozemarie, President, and the “Centre Technique pour le soutien de 
la Recherche sur le Cancer des Laboratoires et Formations du Centre 
National pour la Recherche Scientifique" (C N R S.) 

A Course in Flow Cytometry will be offered with special emphasis on 
cell biology Themes will include Multiparameter cell sorting, cell 
lineage studies, tumor cells characterization, gene amplification selec- 
tion, cloning of genes by transfection, somatic cell genetics, hybridoma 
variant selection, liposome endocytosis, cell cycle analysis, Brd U and 
cytokinetic studies, mathematical modeling of the cell cycle, computer 
system for multiparameter data analysis, cytochemistry and new 
fluorochromes, karyotype analysis, pumped dye lasers, emission 
anisotropy 

The Course will consist of lectures, laboratory demonstrations and pro- 
blem solving sessions 

Course Directors. Harry Crissman (Los Alamos National 
Laboratories), Claude Rosenfeld (INSERM, Villejuif, France) 


Organizers: L A. Herzenberg (Standford University, USA), P Le 
Bouteiller (Centre d'immunologie de Marseille-Luminy, France), 
Z. Mishal (C N.R.S., Vileyurf, France), M. Monsigny (Centre de 


biophysique moléculaire, Orleans, France) J.L. Roti-Roti 
(Washington University of St. Louis, USA) 
Z Darzienkiewicz, P Dean, M Goldberg, J. Gray, P Horan, C Julien, 
74 Loken, HS Micklem, K Muirhead, D.R. Parks, А Truneh 
Course tuition $500 (5 000 FF) includes laboratory fees, manual, 
coffee breaks, lunches and an optional Flow Cytometry Certificate 
Send C.V and tuition deposit $50 (500 FF) to the local Course Director 
(max 50 persons) 

Dr Claude Rosenfeld, 

INSERM Unite 253, 

Groupe Hospitalier Paul Brousse, 

16 bis avenue Paul Vaillant Couturier, 

94804 Villejuif, France 
Application deadline June 30 1985, priority given to early 
applicants. (W1919)C 





KINGSTON part-time MSc 


POLYTECHNIC 


EARTH SCIENCE and the ENVIRONMENT 
7th INTAKE. JANUARY 1986 

Applications are welcomed from graduates with Honours 
degrees or equivalent qualifications in Geology, Geography or 
related subject areas 

For further information contact Dr R T J Moody, 

School of Geological Sciences, Kingston Polytechnic, Penrhyn 
Road, Kingston upon Thames KT1 2EE. Tel: 01-549 Б esit 








SECOND AND FINAL ANNOUNCEMENT 


The 1985 TNO-ISIR meeting on the Interferon System 
1985 Annual Meeting of the ISIR 
Holiday Inn, Clearwater Beach 
Florida, USA 
13-18 October 1985 


Огратгіпр Committee W E. Stewart Il, Chairman; Н Schellekens, 
Co-Chairman, К  Cantell, Co-Chairman; E. Borden, 1 Gresser, 
Н К. Hochkeppel, J. Kawade, Н Kirchner, №. J С Melgert, 
Ms К Хооп 


Deadline: Registration September 1, 1985. For information write to: 


'TNO Corporate Communication Department 
P.O. Box 297 
2501 BD DEN HAAG 


The Netherlands (W1964)C 
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PROPOSALS 











CALL FOR PROPOSALS TO HOUSE 
THE WORLD DATA CENTRE 
FOR COLLECTIONS OF 


MICROORGANISMS OF THE WORLD FEDERATION 
FOR CULTURE COLLECTIONS 


Because of the impending retirement of the Director, the World 
Data Centre (WDC) must be relocated and offers are sought from 
institutions willing to house and develop this important informa- 
tion centre The WDC is part of the World Federation of Culture 
Collections (WFCC) and is responsible for the collection, storage 
and distribution of informatton about culture collections inter- 
nationally. (t forms an essential resource for the support and 
development of microbiology in research, education and 
industry 


Detailed information on requirements is available in the Request 
for Proposals document available from the WFCC's Steering 
Committee for the WDC or The President members of the WFCC, 
Applicants are required to provide a detailed specification of 
mechanisms for implementation of the databank, qualifications, 
resources and policy. This, or letters of intent, must be sent to the 
President WFCC by August 1st. Applicants will be assessed by the 
Steering Committee and recommendations made to the Execu- 
tive Board of WFCC, which will make the final decision. Reloca- 
tion must be completed by July 1986 and every assistance will be 
given to the successful applicant to complete a smooth transition 
of this important centre. 


Steering Committee contacts: Dr M Krichevsky, Microbial Sys- 
tematics Section, National Institute of Dental Research, National 
Institutes of Health, Building 10, Trailer A, Bethesda, Maryland 
20205, USA; Dr R Hill, National Collection of Type Cultures, 
Central Public Health Laboratory, 61 Colindale Avenue, London 
NWS 5HT; Dr В E Stevenson, American Type Culture Collection 
(ATCC), 12301 Parklawn Drive, Rockville, Maryland 20852, USA 
and Dr H Sugaware, Kenkyuu-jouhoushitu, Riken, 2-1 Hirosawa, 
Wako-shi, Saitama 351, Japan. 

President WFCC: Mrs B Kirsop, National Collection of Yeast 
Cultures, AFRC Food Research Institute, Colney Lane, Norwich 
NR47UA. (6847)X 





LECTURES 


SECOND AND FINAL ANNOUNCEMENT 
Lunteren Lectures on Molecular Genetics 
International Meeting on 


‘GENETIC ENGINEERING OF PLANT CELL FOR 
AGRICULTURE AND PRODUCTION" 
Lunteren, The Netherlands, 1 — 4 Oct. 1985 


INVITED LECUTURES AND POSTERSESSIONS 
туа S| eakers: Е v M Rio io Ser adi c Roykaas, 
che ronenborn oloney, N. ; 
Bisseling, M H. Zenk, R.T. Frale ii T empar 


Deadlines: abstracts 15 Augus, 1985; registration 1 September 


For information write to: 





.A. van de Schootbrugge 












or phone: (070) 81448 
MISCELLANEOUS 


RESEARCH VESSEL FOR 
ECONOMICAL WORLD 
WIDE CHARTER 


A 55'6"X19' crabber/Seiner design of 
Ed Monk with a range of 6,000 miles 
at eight knots for charter party of six 
Experienced crew, extensive elec- 
tronics including SATNAV 


Spice Island Traders, One Boston 
Place, Boston, MA 02108 (617) 
723-1955 (NW1557)J 
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nature 






TNO Corporate Communication Department 
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APPOINTMENTS WANTED 
advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of $8 per line. 
(Personal Box Numbers $10.00). 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wtd), 65 Bleecker Street, New York, 
NY 10012. (890)B 


ACCOMMODATION 


TOBAGO, rent private beach cot- 
tages. Stone’s throw from sea. 
Extensive coral reefs, birds, tropical 
flora. Snorkeling, swimming, 
fishing, scuba. On cocoa plantation. 
Bird watcher’s paradise. Discount 
for scientific and student groups. 
Brochure. Charles F. Turpin, 
Charlotteville, Tobago, West Indies 
(NW1653)S 
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ether yo 
ager, V 
sentist, a Process Engineer, Depart- 
nt Chairman or an Academic Re- p 
archer-—this is one conference you ES 
afford to miss. [- 
_ or our first conference, we've planned 
ine days of free-wheeling discussions — 1 
"researchers and research managers 
set the pace in biotechnology. You'll 
about up-to-the-minute develop- 


ou're an R&D Project 
of Research, a Senior 














you I get a jump on the ideas and 
iiques that will guide biotechnology 
ough the '80s and '90s. 

Participation is limited. So don't delay. 
igister now to guarantee your place. 


“pation: Clarion Hotel, 1500 Canal St., 
iw Orleans, LA 70112. 


зот Reservations: Rooms can be 
served directly with the hotel by calling 
300-362-6000 or 1-504-522-4500. Be 








START 1986 WITH A LOOK AT 1996 
BIO/TECHNOLOGY’S PREMIER CONFERENCE 


BIOTECHNOLOGY 


LOOKS TO1 THE NEXT DECADE 





JANUARY 20, 21, 22, 1986 
CLARION HOTEL 
NEW ORLEANS 





certain to reserve early and mention y 
participation in the BIO/TECHNOLO¢ 
CONFERENCE to take advantage е ош 
special convention rates. Singles: $53, 
$60, $68, $75, $80. Doubles, wins: 

$63, $70, $78, $85, $90. E 







Poster Sessions: Scientists are wel 
come to submit abstracts of work with 
commercial applications for consider- . 
ation. Mail abstracts to Research Editor, 
BIO/TECHNOLOGY, 65 Bleecker Street, 

New York, NY 10012. E 


Exhibits: An exhibit of the latest in fer- 
mentation and separation equipment, | 
instrumentation, and other products re- 
lated to biotechnology will be on display. 


To Register: Return the form with your 
check, credit card authorization or an 
authorized purchase order. 





CONFERENCE PROGRAM & SPEAKERS 





INUARY 20— MORNING 


ee Molecular Biology of Plants and 
^iimals: A View From the Frontier 


“eakers: 
ichard Flavell, President, Biogen Research 


гр, 
vid Goeddel, Director, Molecular Biology, 
anentech 
arman Borlaug, CIMMYT, Mexico City and 
‹оїеѕѕог, Dept. of Soil and Crop Science, 
ikas A&M 


NUARY 20— AFTERNOON 
eminar in Molecular Biology 


iavid Goeddel, Co-Chairman 
¿chard Flavell, Co-Chairman 
iudd Colby, Director, Technology 
evelopment, Triton Biosciences 


ieinar in Agricultural Biotechnology 


iorman Borlaug, Chairman 

‘bert Fraley, Manager of Plant Molecular 
“ology, Monsanto 

iavid Evans, Vice President for Research, 

NA Plant Technology, Inc. 

iharles Arntzen, Associate Director of Central 

iesearch and Development, E.L Du Pont de 

iemours and Co. 


ANUARY 21— MORNING 
iommercial Production Processes 


eakers: 
*alcoim Lilly, Professor of Chemistry and 
fiochemical Engineering, University College, 
опаоп 
Obert Herschberg, Department of Process 
*evelopment, Genentech 
ukio Sugino, Director, Biotechnology Labs, 
akeda Chemical, Japan 
phraim Katchalski-Katzir, Professor of 
siophysics and Biotechnology, Tel Aviv 
К iversity, Israel 


BNUARY 21—AFTERNOON 


ieminar in Scale Up 


Kaicolm Lilly, Co-Chairman 

tobert Herschberg, Co-Chairman 

tarry Buckland, Director, Computerized Pilot 
Nant, Merck, Sharp, & Dohme 








Stanley Tarnowski, Research Section Chief. 
Dept. of Bioseparations, 
Hoffmann-La Roche 


Seminar in Fermentation 


Yukio Sugino, Chairman 

Arnold Demain, Director of Laboratory of 
Fermentation and Microbiology, MIT 

Behzad Khosrovi, Senior Director, Process 
and Product Development, Cetus Corp. 
William Tolbert, Research Fellow, Monsanto 


Seminar in Immobilization & Biocatalysis 


Ephraim Katchalski-Katzir, Chairman 

Alien Laskin, Industrial Consultant, Chairman, 
BIO/TECHNOLOGY Scientific Board 

Gary Calton, President, Purification 
Engineering, Inc. 


JANUARY 22— MORNING 


innovations in Pharmaceuticals & 
immunology 


Speakers: 

Bernard Moss, National Institutes of Health 
Emil Thomas Kaiser, Haggerty Professor. 
Rockefeller University 

George Poste, Vice President and Director of 
R&D, Smith Kline & French 


JANUARY 22—AFTERNOGN 
Seminar in Vaccine Development 


Bernard Moss, Chairman 
Pablo Valenzuela, Vice President and Director 
of Research, Chiron Corp. 

Mark Greene, Professor, Dept. of Pathology, .- 
Harvard Medical School 





Seminar in Peptide Design 


Emil Thomas Kaiser, Chairman 
Gregory Winter, MRC, Mill Hill, Cambridge, U.K. 
Gregory Petsko, Professor, Dept. of Chemistry, 





Seminar in Drug Delivery 


George Poste, Chairman 

Joseph Robinson, Professor of Pharmacy, 

Univ. of Wisconsin 

Colin Gardner, Director of Analytical and pe 
Biological Research, Inter X, a subsidiary of ^. 
Merck & Company 


SAVE $75 WITH YOUR 
EARLY REGISTRATION 


Pay $300 before July 31, 1985! 
Regular Attendance Fee: $375 











і REGISTRATION FORM i 
i Return to: BIOTECHNOLOGY LOOKS ТО маме = “THE 
1 THE NEXT DECADE, Nature Publishing 
i сопрат. 65 Bleecker St., New York, NY  COMPANYINSTITUTION. ооо оо 

1 a 
і Please reserve places at ВІО/ТЕСН- ADDRESS E І | 
i NOLOGY'S premier conference: ВІО/ | 
i TECHNOLOGY LOOKS TO THE NEXT 

DECADE, January 20-22, 1986 at $375 each. 
I ($300 before July 31, 1985!) COUNTRY 
I | understand that as a paid conference Charge my credit card as shown. E 
i participant, | may attend all sessions, апа 1 Amex [] Visa [Mastercard i 
i receive all programs апа materials. — — 00 0 4 : 
i My check for $ is enclosed. Credit card number Expiration date b E 
i ОВ те. [] Bill my organization. —————— MÀ i 
М L] Purchase order number —______.. Signature (as it appears on card) 1 a 
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... because the Pharmacia 
Automatic Injector 
ACT-100 is a versatile, 
microprocessor controlled 
instrument designed to free 
you from the chore of 
repeated sample injection 
while your chromatographic 
separations run automati- 
cally. 


The Automatic Injector 
ACT-100 is the state of the 
art in high performance 
biocompatible chromato- 
graphy equipment designed 
specifically for the 
separation of biomolecules. 
Unlike any other injector, 
the Automatic Injector 
ACT-100 was designed, 





...for automated 
biocompatible chromatography. 


Complete automation 
with the Pharmacia 
Automatic Injector 
ACT-100 means 


€ Automatic analysis of up 
to 95 consecutive samples 

è Accurate and 
reproducible results 

è Unattended overnight 
runs, even with multi- 
dimensional systems 

* Minimal operator time 





: Look at the NEW 
~ Automatic Injector ACT-100... 


from the beginning, to meet 
the demands of high 
performance separations of 
complex biomolecules. All 
wetted surfaces in the 
ACT-100 are of titanium 
and fluoroplastic. So the 
ACT-100 and FPLC System 
can combine to form a 
totally biocompatible 
system. 


And, like the FPLC System, 
the ACT-100 is completely 
modular. Depending on 

your existing equipment, 
you can select the exact 
system configuration to give 
you a completely automated, 
biocompatible chromato- 
graphy station. 


The Pharmacia 

FPLC System and the 
Automatic Injector 
ACT-100 bring the full 
benefits of the latest 
technology to your standard 
methods. Together, they 
form the perfect 
biocompatible, high 
performance liquid 
chromatography system for 
the separation of labile 
biomolecules. 


FPLC from Pharmacia goes beyond HPLC 


Reader Service No.37 


with biocompatibility. 


e) Pharmacia 


Pharmacia Inc. 

Laboratory Separation Division 
800 Centennial Avenue 
PISCATAWAY, N. J. 08854 





FREE! 





The new LKB Quality Chemicals 
4 Catalogue 


LKB Qu 


Hot off the presses is a new 76-page, full- 
color catalogue—the LKB Quality Chemi- 
cals Catalogue. This latest edition packs 
comprehensive, up-to-date information on 
all the reagents, buffers, separation media 
and other supplies available from LKB. It 
also provides more information about each 
product, more applications and complete 
information on several new products such 
as preparative-scale chromatography col- 
umns, new HPLC columns, and amino acid 





LKB 


ality Chemicals 


таму 


analysis buffers and reagents. 

If your lab does electrophoresis, electro- 
focusing, chromatography, HPLC, lumi- 
nescence, liquid scintillation counting, 
amino acid analysis or cellular biology, you 
can’t afford to be without it. Offering com- 
plete descriptions of the nearly 400 fine 
chemicals and consumables in our range, 
it’s your mail-order reference to the single- 
source supplier. Ask for your free copy 
today. 





BROMMA 


LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. +46 (8) 98 00 40, telex 10492 


Antwerp (03) 218 93 35 - Athens-Middle East +30 (1) 894 73 96 - Copenhagen (01) 29 50 44 - Hongkong (852) 5-555555 
London (01) 657 88 22 - Lucerne (041) 57 44 57 - Madras (044) 45 28 74 - Moscow (095) 256-9002 - Munich (089) 85 830 


Paris (06) 928 65 07 


Rome (06) 39 90 33 · Stockholm (08) 98 00 40 - Tokyo (03) 293-5141 


Turku (021) 678 111 


Vienna +43 (222) 92 16 07 - Washington (301) 963 3200 - Zoetermeer (079) 31 92 01 
Over 60 qualified representatives throughout the world 


Reader Service No.40 


ANNOUNCING A NEW 
GENERATION OF AUTOMATED 
PEPTIDE SYNTHESISERS 


THE REVOLUTIONARY NEW CHEMISTRY AND DESIGN OF THE CRB 
PEPSYNTHESISER II HERALDS A NEW ERA IN PEPTIDE SYNTHESIS. 


[> Fast, simple coupling of amino acids with 
new, stable off-the-shelf ‘Pepsyn’ Fmoc/ 
active esters requiring no pre-activation 

[> Exceptionally mild reaction conditions 
avoiding damaging repetitive acid 
treatments, lead to higher yields and 
higher product purity 

> Avoids the hazardous and frequently 
destructive final liquid hydrogen fluoride 
treatment 

[> Unprecedented coupling efficiency results 
from the combined use of polar 
polyamide resins (traditionally polystyrene) 
and а freely permeating polar solvent 


Cambridge Research Biochemicals Ltd., Buttor 
T mbridge (0 87 i à 


3) 871674 Telex 817694 СРВ 


Cambridge Research Biochemicals Ltd., P4 


УА Tek ( 


6) 239 3831 Telex 971398 





1, Harston 


providing complete compotibility 
between reaction medium and the 
growing peptide chain 

> Continuous monitoring of reaction 
progress and the option of simultaneous 
synthesis of two or more peptides is 
achieved by use of novel kieselguhr 
supported polyamide resins specifically 
designed to permit continuous flow of 
solvent through the reaction medium 

[> Coupling, deprotection and washing 
automatically performed under computer 
control using simple programs 
in everyday language 


Cambridge CB2 5NX England 


1887 Park Street, Atlantic Beach 


3IOCHEMICALS 


Reader Service Nc 





FPLC fro 
opes beyond HP 


[he pace of today’s Моол 59 г сһ allows no compromise in the 
oerformance of your separ Somo) <. No compromise in performance 
neans instruments and зе © media designed and optimized 
specifically for Бтото!еси1!@ ӨР агтасіа FPLC System stands alone 
as the original high perfor Memes quid chromatography system 
designed for the special пе 8 сһ applications as: 


Enzyme purification 

Peptide mapping 

Analytical protein sepa 995 
Purification of biologica с peptides 
Separation оѓроіуписіе 89 


“PLC is a unique арргоас 0 са to eliminate the incompatibilities 
f traditional HPLC есп ог the last 20 years, traditional HPLC 
ump design, high ргевзи!@ г 5 and stainless steel wetted surfaces 
vere developed to solve рг 91 : егеп from the ones you have today. 


Nhy "make-do" with сот sing old HPLC technology when 
FPLC has proven itself wi 89 ifficult samples as monoclonal 
intibodies, restriction еп ооа, urine and viral proteins? 


After 25 years оехрегіеп  с1оріпо basic separation methods like 
sel filtration, affinity сто 8 phy and chromatofocusing, we at 
Pharmacia can tell you Ш оссо грогаѓеѕ some of the most 
significant discoveries in « ШШАШОНШЕНЕПИ шу since the introduction of 
Sephadex”. 


"PLC respects the origins othe Blomolecule and achieves 
inprecedented speed, resolution "ama recovery. 


Pharmacia 


Pharmacia Inc. 
800 Centennial Avenue 
PISCATAWAY, М. J. 08854 








Separation power 
| in your laboratory 





25-Hydroxy vitamin D 


Amersham's new [^H] assay system is the 
reliable and convenient way to measure 
25-hydroxy vitamin D in serum. Fully 
effective sample purification and 
robust methodology give you rapid 
results and ensure your samples 
are... 


measured 
with 
confidence 


Also available is an assay system for 1a,25-dihydroxy vitamin D 
and a full range of labelled compounds for use in the vitamin D 
research area. 


Amersham — serving biomedical research 


For research use only 





Amersham Corporation "0 
2636 South Clearbrook Drive, Arlington Heights, IL 60005 
(312) 364-7100 or (800) 323-9750 (Toll Free) 


In Canada 505 Iroquois Shore Road, Oakville ONT L6H 2R3 (416) 842-2720/(800) 268-5061 
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Hot on delivery... 





ILLAE, 
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| Xcy ] 


„cold 


When you order molecular 
biologicals from Pharmacia you'll 
find we're pretty hot on delivery. 

We'll dispatch your order 
is soon as we get it, packing it 
carefully in wet or dry ice. 

Now our enzymes are 
supplied in screw cap mini vials 
with new waterproof labels, and 
will easily fit into your centrifuge 


tubes and freezer trays. 

At Pharmacia Molecular 
Biology Division that's all part 
of the service. We realize that the 
success of an experiment 
depends on the quality of the 
products used and the speed at 
which you get them. With us you'll 
find that the only thing kept 
on ice is your product - not your 


UNITED STATES: Pharmacia Inc., 800 Centennial Avenue, Piscataway, NJ 08854 Tel: (201) 457-8000 
CANADA: Pharmacia (Canada) Inc., 2044 St Regis Blvd. Dorval, Quebec H9P IH6 Tel: (514) 684-8881 
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on arrival 


experiment. 

Contact us today and we'l 
send you our free catalog with 
details of over 800 molecular 
biologicals. 


Pharmacia... your partner in 
molecular biology 


Pharmacia 


Molecular Biology Division 
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The 1985 conference presented by NATURE, the in- 
ternational weekly journal of science, in association 
with the University of California at San Francisco will 
address what is perhaps the central unanswered 
question of biology today: How is the process of de- 
velopment directed by genes? 

For three days, you will meet and listen to preeminent 
Scientists, physicians and biotechnologists describe their 
research and first-hand involvement in experimental ap- 
proaches involving the application of molecular biology to 
systems and organisms. Topics will include the diagnosis 
and therapy of genetic defects, homoeotic genes, yeast 
development, development of the immune system—in- 
cluding T-cell receptors—and the use of new biological 
materials in medicine and industry. Roundtable discus- 
sions will be held each afternoon to give delegates ample 
opportunity to mix with and question the speakers. Partic- 
ipants will have an opportunity to take part in detailed 
discussions and present their own ideas. Poster presen- 
tations are also being invited. 
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Senior Level Scientists, Medical Research Scientists, Bio- 
technologists, Scientific Policy Makers, R & D Scientists, 
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Conference to qualify for special rates. Singles: $95. Dou- 
bles: $105 and $115. 
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and the Certification Program of the California Medical 
Association. 

BURSARY PROGRAM 

Bursary program for selected graduate students to be 
announced during August 1985. 


POSTER SESSIONS 

To have your poster considered, please include a 
working title and brief synopsis of your topic and send 
to Posters Editor, Nature Publishing Company, 

65 Bleecker Street, New York, New York 10012 


Everything rolled into 1 





Pharmacia’s FRAC-100 fraction collector 


Do you need a simple inexpensive collector or the most advanced programmable 
fraction collector — get both with the FRAC-100. 


Do you need fast tube changes and 
microliter collection volumes or is it 
20 ml fractions from a 2 liter column? 
The FRAC-100 does both. 


Do you need data handling and 
integration capabilities or do you want 
to choose from eight different collection 
gai modes and six fractionation 
parameters? The FRAC-100 does both. 





Your everything solution in fraction collection is from Pharmacia. 


e) Pharmacia 


Contact us today. LITE 


Reader Service No.28 


| 
Clip and mail 60:1 THE LANCET 


Join Medical History in the Making! - 


n t cr M MH—————M rÓ€—Q& ТТ 
No3400 ` ^ BOSTON, MASS. ÁNDLONDON, SATURDAY AUGUST 25 M — чо БРОК 084 .- i 
Y sa r I^ Ё 


т Viennae keines Diesel 2-9 









SEEN rmm eS GOA Re am . = 
«f эхх Real Текила iy 
icr T x E = 
т Г lenis t, Paf Marre n 
: Mowactenti Азазел en} Солорістыгта Сайы Лаба ы; 
"n Eu VES sa ake Bach E P eae 
мр 


Kp 
MEE E sk 












» 
p E 


pas M à as 
Et, M. Ke арыб, на, А Seeds, ric 
: wo Ж E 


E 


s 


ух акна нча ee айлу ei teres т 








[ot ct. oue ^38 * o 
‘i fase ^ +s OEC a be Mo ae 
2 Lo. dy» ЛАА 
t + Soa os 
Vf e "- tale £^ i 
$ е ree IH eg ы ‚ 
лдык tns car tna. eire eene А ЧАШ vr 4 * 


*- 


mde rere pee А reir o AMET 





E eU : 
Set Bercot Sin kaeran. 


0. 





Sent ы d 
exe (OD AA. "eh oe 
, WA ge а 






Little, Brown and Company 
i Medical Division 

i 34 Beacon Street, Boston, 
і 


YES, I want to enter my subscription to THE LANCET. 
| Please send me THE LANCET every week, at the rate checked below. 


Massachusetts 02106 


Canada* 
$78.00/year 


United States* 


| 
{ LJ Individual $68.00/уеаг CO Individual 


і 
|O Student, Resident, 


(J Student, Resident 
l Intern, Nurse $46.50/year Intern; Nurse $46.50/year 


i *Prices are shown in U S. dollars Payment must accompany order and must bein U S fund« 

| NAME ы с DENN E LLL ннн 
| ADDRESS с ——————— 
l CITY/STATE/ZIP заа ааыа 
{ 





МАТ 


| 
| 
| 
| 
| 
| 
| 
і 
| 
і 


і 
і 
| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
1 
i 
і 
I 


Enter your 
subscription tod 


Every week, more than 50,000 
physicians around the globe meet 
in the pages of THE LANCET 
to share news, to compare expe- 
riences, to learn, and to keep in 
touch with the rapidly changing 
face of modern medicine. THE 
LANCET has been serving this 
function for 161 years — and it 
will continue to deliver the infor- 
mation you need, now, and in the 
years ahead. 

If you don’t receive THE 
LANCET on a regular basis, 
you are not fully informed. THE 
LANCET is your best source of 
timely information, professional 
education, and mental stimula- 
боп. . . so use the coupon below 
to enter your subscription today. 


Little Brown 


and Company 


MEDICAL DIVISION 
34 Beacon Street 
Boston, MA 02106 


xii 


NATURE VOL. 315 27 JUNE 1985 








With 
Sequencing Grade Triphosphates 
From Pharmacia 


Ultrapure Deoxynucleoside Triphosphate Solutions 


While often overlooked, high quality triphosphates can increase 
gel clanty considerably, allowing reading of up to 3096 further 
from a single primer site. Pharmacia's solution triphosphates are 
the most stable, homogeneous and diphosphate free nucleotides 
available In addition, they can be used without weighing, 
neutrahzation or concentration determination. 


2',3'-Dideoxynucleoside 5'-Triphosphates 


Ever since we provided the first commercial dideoxynucleosides 
in 1977, researchers have relied on our ultra-pure 2',3'- 
dideoxynucleoside 5'-triphosphates for the specific chain 
termination and low background needed in their sequencing 


Keep your results clear of the background. 


UNITED STATES Pharmacia Inc 800 Centenial Avenue 
Piscataway NJ 08854 Tel (201) 457-8000 

CANADA Pharmacia (Canada) Inc 2044 St Regis Blvd 
Dorval Quebec НЭР IH6 Tel (514) 684-8881 


(X 


|) 


NI 


й 
V 


9894090949094) 


Pharmacia 





Molecular Biology Division 


Reader Service No.39 








лл —— 
EDITORIAL OFFICES 





London Office 
4 Little Essex Street. WC2R 3LF 
Telephone (01) 836 6633 Telex 262024 


Washington Office 


1134 National Press Building. DC 20045 
Telephone (202) 737-2355 


Tokyo Office 
Eikow Building 10-9. Hongo 1-Chome. Bunkyo-ku. 
Tokyo 113 

Telephone (03) 816 3756/7 Telex 2722634 MSKKJ 
Editor: John Maddox 
Deputy Editor: Peter Newmark 
Editorial Staff: Jennifer Altman, Philip Campbell. 
Maxine Clarke, Isobel Collins. Peter Gambles. 
Tim Lincoln, Geoffrey North. Peta Pickering. 
Miranda Robertson (Washington). Robert Walgate. 
Charles Wenz, Nigel Williams 


Washington Editor: Stephen Budiansky 
Washington Correspondent: Tim Beardsley 
Tokyo Correspondent: Alun Anderson 


Art and Design: Julie Busby, Joel Chernin, 
Julia Ward, Marie Xeridat 


Administration: Mary Sheehan, Leanne Burns. 
Ruth Cutts, Joanna Czechowska, 

Ruth Goldenberg, Sharon- Anne Wilcox, 
Donna Wootton and Penelope Walker 
(Washington) 


Publisher: Elizabeth Hughes 
Managing Director: Ray Barker 
Promotion Manager: Fehcity Parker 


International Advertising Manager: 

Andy Sutherland E 
European Display Advertising Manager: 

Hilary Turnbull 


Classified Advertising Manager: 
Mark Pearson 
EE: 


Nature New York Office 
65 Bleecker Street, New York, NY 10012 
Telephone (212) 477-9600 Telex 668497 UW 


President: Gary M. Rekstad 

American Advertising Manager: Henry Dale 
Classified Advertising Manager: Garth Walkes 
Circulation Director: Paul E Siman 

Canadian Display and Classified: Peter Drake, 


17 Pine Crescent, Toronto, 
Ontario M4E 1L1—4(416) 690-2423 


Display Advertising Representatives 
New York: Nature Office 
Chicago: Didier & Broderick, Inc —(312) 498-4520 
San Francisco: Jobson/Jordan/Harrison/Schulz, 
Inc-(415) 392-6794 
Los Angeles & Pasadena: Jobson/Jordan/ 
Harrison/Schulz, Inc —(818) 796-9200 
Philadelphia: Daniel Adams Associates, 
Inc.—(215) 353-6191 
Boston: CEL Associates—(617) 848-9306 
Southeast: Nature New York Office 
New Jersey: Mary Grunmeier-(201) 5729018 
Spring, Texas: Jobson/Jordan/Harrison/Schulz, 
Inc.—(713) 376-2368 
France: Francoise Teisseyre 
Paris—(1) 622 51 54 
West Germany and Austria: Franz Schrecklinger 
TMW Top Media Werbegesellschaft GmbH 
Frankfurt —(69) 726046 
Holland and Belgium: Adele Struyck 
Holland—1034) 04 23265 
Scandinavia: Andrew Karnig 
Andrew Karnig & Associates AB 
Finnbodavagen, 1. 131 31 Nacka 
Sweden—Telephone 08440005 Telex 89101755 
Japan: Mashy Yoshikawa 
Onent Echo Inc Tokyo—(03) 235 5961 
Australia: Gus Bartel & Associates 
1o Бох 1755. Southport. Queensland 42158—{075) 


М 





Natuic® ISSN 0028-0836 


Registered as a newspaper 
at the British Post Office 
© 1985 Macmillan Journals Ltd 


Vol. 315 No. 6012 27 June 1985 


nature 


NATURE VOL 315 27 JUNE 1985 


701 





Put the horse before the cart 


This week’s European summit meeting at Milan is an opportunity both for stimulating technical 
collaboration and to create a muddle. Governments should temper enthusiasm with cold calculation. 


EUREKA, President Francois Mitterrand’s way of saying that he 
has seen the light for Europe, will occupy the European heads of 
government at their meeting in Milan this weekend. The plan is 
to invest common resources in technological developments that 
will help to bridge what Europeans used, in the 1960s, to call the 
“technology gap” between themselves and the United States. 
(Nowadays, Japan ıs as much in people's minds.) President 
Mitterrand has been preaching strength through technological 
development ever since he took office four years ago, but his 
most recent advocacy of this cause appears to have been stimu- 
lated by the fear that the US Strategic Defense Initiative, what- 
ever its military implications, cannot fail to widen the gap be- 
tween the competence of European companies and those in the 
United States. The discomfort of many European governments 
with the military and political implications of the US proposals 
has given Eureka a more hearty welcome than the earlier French 
initiatives (see Nature 6 June, p.443) It remains to be seen 
whether wrangles over budget problems and the high price of 
European grain will allow the heads of government time to put 
flesh on the bones of Mitterrand's dream. The big danger is that 
ill-considered enthusiasm will point this important enterprise in 
the wrong direction. 

Here is a cautionary tale. While very little has been said of the 
way in which Eureka would be put into effect, one theme of the 
past few weeks has been that European governments should 
settle on a few major technical objectives and then pool re- 
sources so as to make them come to pass. What kinds of pro- 
jects? On the face of things, a scheme to equip the air forces of 
Western Europe with a military aircraft designed to take over 
from those now in service would seem to be an obvious (if 
unambitious) candidate. As it happens, this is a scheme on 
which five European governments (Britain, France, Italy, Spain 
and West Germany) have already embarked. So what are the 
enthusiasts for Eureka to make of the meeting last week in 
London, when the governments concerned failed to agree on the 
specification of the aircraft they would jointly build, and on a 
scheme for shanng the construction work among themselves? 
That does not promise well for the simpler goal-oriented ver- 
sions of Eureka, although there is a final meeting next month, 
at which something may be salvaged. 

The lesson from last week's meeting is that it will make no 
sense for European governments to invest in the improvement 
of technology ifthey do not at the outset agree on the partition of 
the benefits. The temptation will be to attempt to divide the 
spoils in proportion to the investments made by the several 
governments, but attempts to legislate for chauvinistic equity 
along these lines are doomed to failure. Xenophobia being what 
it is, even within the European Communities, at least one but 
most probably all partners would finish with a sense of having 
been short-changed. The other more logical basis for mutual 
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support for technological developments would be to say that the 
benefits of the investments proposed could be exploited by 
whichever European companies first had the wit to recognize 
their utility. In the long run, Europe as an economic entity 
would benefit, but some parts of it more than others. Equity 
would then require that there should be mechanisms for redistri- 
buting wealth among European states, which amounts to saying 
that Europe should function as a federated state Politically that 
is a long way from reality. If Eureka is to succeed this side of 
infinity, there will have to be some halfway house. 

Much will depend on the kinds of projects on the agenda. So 
far, there have been only general statements of what might be 
done. People such as President Mitterrand have been talking of 
the further development of integrated semiconductors, of 
machines with artificial intelligence and, more recently, of the 
exploration of the deep oceans. On one view, the particular 
choice of projects to support 1s almost immaterial. Provided that 
the objective is sufficiently ambitious, the enthusiasts say, and 
Europe's engineers sufficiently committed, there will be a host 
of incidental technical developments which cannot fail to benefit 
European industry as a whole. This is the argument by which the 
1960s Apollo programme to send people to the Moon was justi- 
fied not by its ostensible objectives but by its technological spin- 
off. What this week's summit should remember is that such 
arguments are an assault on reason and a recipe for extrava- 
gance. If the technologies of, say, welding and refrigeration 
need to be improved, why not mount market-oriented develop- 
ments in those fields? Especially when one of Europe's prob- 
lems is a shortage of skill, the consequences of too much ambi- 
tion could be a damaging diversion of resources. 

Eureka should begin from a careful analysis of why Europe 
fails at present. The most obvious weakness is that Europe is not 
yet a common market. One result is that companies cannot 
accurately tell what research and development is likely to meet 
market needs. Another is that there are too many small com- 
panies duplicating each other's efforts. Eureka needs a way of 
circumventing these constitutional obstacles, perhaps by allow- 
ing separate companies to collaborate in transnational research 
and development partnerships that could be blessed with com- 
mon funds. To work on what? The heads of government at 
Milan will no doubt be flush with ideas. They should keep them 
to themselves. Politicians and civil servants have a poor record 
as entrepreneurs What is needed is a mechanism by which 
groups of companies can put forward detailed proposals as if 
they were applying for research grants, but with the difference 
that the criteria for success would include not merely the novelty 
and the feasibility of the proposals, but some estimate of their 
economic and strategic promise. The European Commission's 
recent suggestion that the Euratom treaty provides a 
framework for channelling common funds into novel enterprises 
would make sense in this connection. 

This week's summit must also give some thought to the infra- 
structure. One of the reasons why Europe's technology lags 
behind that of the United States and Japan is that its technolo- 
gical labour-force is ill-provided with first-hand demonstrations 
that the future can be made to happen here and now. Part of the 
trouble is that higher education is run on a shoestring (Britain) 
or 1s flexible (France and West Germany). Spending more on 
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the university education of technical people is not a sufficient 
answer, although some of that will be needed. More to the point 
is the need that Europe, in trying to create the foundations for 
industrial prosperity in the next century, should find some way 
of enabling the now-young people who will inhabit that world to 
make their full mark. In many ways, Europe has grown too old. 

The third need for the summit is to remember Adam Smith. 
Inward-looking Europeans see their enterprise as a self- 
contained imitation of what has already happened elsewhere. 
Too many Europeans consider that the immediate goal must be 
to replicate what IBM and AT&T have done in the United 
States, or what a host of Japanese companies have done in 
consumer electronics. The fallacy is that success would merely 
bring the prospect of head-on competition in fields that are 
certain to seem old-fashioned even a decade from now. But 
there is no reason why the world should become less inter- 
dependent than it is already, for which reason the trick for 
Europe must be that prosperity should rest on industrial activi- 
ties complementary to those elsewhere. That is why the object- 
ive of those who endorse Eureka should be to build on Europe's 
present strengths, such as they are, not simply to imitate what 
others do. The goal must be an economic and economical divi- 
sion of labour, to which end originality is the crying need. Will 
the summit have the courage to recognize that simple but daunt- 
ing truth? o 


How many (what) miles? 


Last week’s shuttle flight shows that the Strategic 
Defense Initiative has a lot to learn. 


THE timing of last week's fiasco in which a laser beam from 
Hawaii was directed at the wrong side of the US shuttle in orbit 
about the Earth could hardly have been worse. The US Con- 
gress is at the stage in the.annual budget cycle when critics of the 
Strategic Defense Initiative (SDI) are energetically — and suc- 
cessfully — chipping away at the huge budget the administration 
has asked for. While nothing is settled, the chances are that the 
budget for the financial year beginning on 1 October will be 
reduced by between a quarter (according to the Senate) and a 
third (according to the House of Representatives) from the 
$3,700 million asked for. If the managers of SDI are wise, they 
will spend at least some of that sum on teaching each other a 
little about elementary goedesy. 

The official explanation of the first failure of the laser test 
(which worked on later orbits) is quite breathtaking in its inno- 
cence. Almost merrily, the spokespeople have been saying that, 
by some oversight, the “on-board” computer on the shuttle had 
been programmed “in” statute rather than nautical miles. By 
their nudges and winks, thay have implied that only some pro- 
found perversity can explain the habit that has people who travel 
in shuttles measuring distance in the maritime measure of 
nautical miles. No doubt SDI officials will have figured out that 
nautical implies something to do with the sea, because Nautilus 
is a kind of submarine. In their innocence, they seem not to 
know that a nautical mile is intended to be the length of a minute 
of arc along a great circle on the surface of the Earth, although it 
was prematurely defined as 6,080 feet by the British Admiralty 
in the eighteenth century. 

The SDI people are unlikely to be too downcast by this show 
of ignorance; they have earned a reputation for being brash. 
They have a tendency, when they encounter physical problems 
that would seem insuperable obstacles to others, to make a 
solution of them a “requirement” of the SDI programme as a 
whole. The little confusion between statute and nautical miles 
may, in any case, make them seek safety in unambiguously 
named kilometres instead (a cause too long dormant in the 
United States). So perhaps they should be told that the French 
Revolution had a committee, of which both Laplace and Lag- 
range were members, which defined the kilometre in much the 
same way as the nautical miles as one ten-thousandth of the 
distance between the Equator and the pole. o 
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Laser proliferation 


The US Department of Energy thinks the laser 


enrichment of uranium feasible; that is bad news. 
Tue third review conference of the non-proliferation treaty 
(NPT), іце, їо open at Geneva in August, will be forced to 
reckon with a late agenda item, the recognition that the simplest 
way of making nuclear weapons is probably now the enrichment 
of uranium by means of lasers. That is the implication of what 
appears to have been a successful demonstration of laser enrich- 
ment at the US Lawrence Livermore National Laboratory in 
California. The laboratory has been able to make five kilograms 
of uranium-235 in a single purification step. For those who wish 
to make bombs, the advantages of this route are obvious. Unlike ' 
isotope separation by gaseous diffusion or centrifugation, laser | 
separation may be a once-through process. So capital costs are 
likely to be less and, for potential violators of agreements, 
separation plants will be inconspicuous. 

None of this implies that uramum enrichment has become 
child's play. At Los Alamos as well as at Livermore, people have 
been trying for at least a decade to distinguish by means of lasers 
between the different isotopes of particular elements, with ura- 
nium usually at the backs of their minds. The fact that success 
has eluded them for so long is one comfort, suggesting that 
governments will not be able to run up material for a few bombs 
overnight by buying standard equipment from commercial sup- 
pliers. Indeed, the technology of copper excimer lasers reported 
(see p.706) to be the primary energy source for the Livermore 
process will not easily be replicated elsewhere, at least for the 
time being. In any case, crucial details such as the identity of the 
electronic transitions by means of which uranium atoms are 
excited to near-ionization are sensibly being kept secret. The, 
obvious snag is that uranium atoms are the same the whole world 
over. and that the investigation of the spectroscopy of uranium 


- required to specify the ingredients of a laser enrichment 


machine should be little more than few months' work for a 
couple of competent physicists. It is a fair guess that even gov- 
ernments with no interest in making bombs, but with an interest 
in what others may be doing, will put this work in hand im- 
mediately. Putative bomb-makers will probably be even quicker 
off the mark. 

So does this new development mean that there is no longer 
any purpose served by attempts to control the spread of nuclear 
weapons by the physical control of fissile material? Fortunately, 
not quite. NPT is a compact between non-nuclear governments 
and the nuclear powers under which the first group undertakes 
not to make nuclear weapons, and to put up with physical 
inspection by the International Atomic Energy Agency, while 
the second undertakes not to help others make bombs but to 
help with civil nuclear technology, and at the same time to 
negotiate measures of arms control that will make the world a 
safer place. The signatory nuclear powers (France and China 
have not joined NPT) will be given another drubbing at this 
year's review conference for having done so little on arms con- 
trol, but it seems unlikely that non-nuclear powers will desert 
the treaty on that account, or because laser ennchment seems to 
offer rivals outside the treaty a more convenient route to bomb- 
making. Keeping safeguards will be more than ever a demon- 
stration of self denial. 

The more serious problems are what they have always been, 
the abstention from NPT of countries which believe they may 


gain from being thought potential nuclear powers — Israel, | 


Pakistan and so on. If laser enrichment means anything, itis that 
governments within NPT should have a powerful incentive not 
merely to control the use made of fissile material but also to see 
that the international trade in uranium 1s also well-regulated. 
For however convenient the new technique may be, it will still 
take the best part of a tonne of uranium to extract a critical mass 
of uranium-235, which should be a noticeable amount of such a 
scarce material. That is the direction in which the interests of the 
regulators should now be shifted. 0 
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Milan the spur to 
new collaborations? 


Brussels 

Tue European Commission sees this 
week’s summit meeting at Milan, where 
the French Eureka proposal is certain to 
have at least a brief hearing, as an oppor- 
tunity for persuading the members of the 
European Communities to take a more 
serious interest ın cooperative research 
and development But Mr Jacques De- 
lors, president of the Commission, and his 
technology commissioner, Karl Heinz 
Narjes, are keeping an open mind on how 
collaboration might develop. 

Delors wants flexibility above all, for 
which reason he is keeping up his sleeve 
several different legal frameworks for 
technological collaboration One possibil- 
ity is that the existing Euratom treaty 
might suffice, another that there might be 
a new treaty along similar lines. But that, 
everybody agrees, would take too much 
time. The Commission seems to be saying 
that it merely wants the member states to 
agree to collaborate, leaving the details of 
collaboration to be worked out later. 

According to Delors, money is all im- 
portant. He insists.that there should be a 
"critical mass". of funds for research and 
development. Part of his ambition is that 
member states should come to regard 
common spending on research as the 
European equivalent of US spending on 
military developments, where commercial 
beneficiaries are not expected to repay the 
public investment. 

One mark of members commitment 
will be whether they agree to the 14.9 per 
cent increases of the Communities’ re- 
search budget marked out for 1986. 
Narjes believes that research and develop- 
ment will have to take a larger slice of the 
Communities’ budget in future years, 
perhaps between 6 and 8 per cent of the 
total by 1990. Whether the member states 
will happily accept the implication of 1п- 
creased budget contributions to the Com- 
munity is another matter. 

Responses so far from member govern- 
ments have been mixed, according to 
Narjes, who sees European initiatives in 
research and development as essentially 
collaboration on projects to which indust- 
rial companies would contribute, as in ex- 
isting collaborations. While some govern- 
ments are concerned at the prospect of 
Community control of common projects, 
the Commission notes that British com- 
panies have shown more interest than 
their government in the proposed col- 
laborative programme, Research in Adv- 
anced Communications in Europe 
(RACE). 

In its optimism, the Commission does 
not expect that its plans to expand col- 











laborative research will founder on the 
expectation of member states of a return 
proportional to their individual invest- 
ments. But changes will be needed in what 
governments expect. And there will also 
have to be more decisive steps towards the 
creation of a Europe-wide system of stan- 
dards and a greater degree of cohesion so 
that it would be more difficult than at pre- 
sent for competitiors elsewhere to “pick 
off" European states one by one. 

Narjes does not expect more from this 
week's summit than agreement among the 
member states to settle on two or three 
projects for further collaboration by the 
end of 1985. He has a shopping list of areas 
in which collaboration might be sought, 





ranging from large computers and super- 
chips to high-speed trains and biomolecu- 
lar engineering to particle beam physics 
and optical communication. The Commis- 
sion would like to see the French Eureka 
project subsumed in an agreement that 
Europe's collaborative research program- 
mes should be expanded 
Pragmatically, the Commission. says 
that the legal forms of novel collabora- 
tions will be decided only after specific 
programmes have been agreed. One 
obstacle ahead, according to Delors, is 
that Europe's technical labour force is 
ageing more quickly than that of the Un- 
ited States and Japan. The Commission's 
ambitious plans are in part intended to be 
a spur to the training of more skilled tech- 
nologists, if only because partners in the 
new collaborations that may come into 
being will know that they will benefit only 
in proportion to the numbers of people 
able to help exploit the results of research 
and development programmes. 
Anna Lubinska 





Chemical weapons 


US moratorium to end 


Washington 
Tue US House of Representatives voted 
last week to end a 16-year moratorium on 
the production of chemical weapons. 
Actual production of the new "binary" 
weapons, which contain two relatively 
non-lethal chemicals that are mixed 
together in flight to produce nerve agent, 
could begin in December 1987. 

The Reagan administration, arguing 
that current stockpiles of nerve-gas shells 
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DRACULA RISES 


are deteriorating and do not represent a 
“credible” deterrent, had repeatedly 
sought congressional approval for the new 
weapons over the past three years. In 
close votes, the House had repeatedly re- 
buffed the President. This time, however, 
heavy White House lobbying paid off. The 
Republican-controlled Senate had 
already approved the proposal. 
Supporters did make several conces- 





sions, however Funds for production 
would not be released until 1987, and only 
after the President certifies that the 
weapons are needed. Supporters also 
accepted an amendment that would re- 
quire the NATO (North Atlantic Treaty 
Organization) allies to declare their will- 
ingness to have the US weapons deployed 
in their countries before production could 
begin. However, even opponents of the 
new weapons expect that amendment to 
be dropped by a House/Senate conference 
which must meet to reconcile differences 
between the two houses' bills. Congress 
will still have to agree to appropriate the 
funds for production. 

The House bill authorizes an initial ex- 
penditure of $124 million; the Senate bill, 
$163 million. Critics have said that the 
total cost of carrying out the Pentagon's 
production plan could exceed $4,000 mil- 
lion. Stephen Budiansky 


Nature in Japan 


NATURE announces an international 
conference to be held in Tokyo next year, 
on 22-24 January 1986, on the theme 
Molecular biology becomes biotech- 
nology. Speakers at the conference will 
include ten from the United States and 
Europe and an equal number from Japan. 
The conference, which will interest 
molecular biologists in academic and 
industrial laboratories, is in the series 
which includes this week's conference in 
London and that, in conjunction with the 
University of California, San Francisco, to 
be held in San Francisco next October. 
Further details may be had from Nature's 
offices in London and Tokyo. D» 
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Auto emissions 


Europe nears compromise 


Brussels 

Too tough for some, too lenient for 
others, the Commission of the European 
Economic Communities (EEC) was last 
week required to defend its proposals to 
limit car exhaust pollution. At the same 
time, its experts began a last minute 
search for a compromise to avert an 
otherwise inevitable deadlock when the 
ten environmett ministers meet in 
Luxembourg on28 June. The compromise 
could involve not only a possible 
redefinition of the troublesome medium- 
range category of car (now set at 1.4-2.0 
litres) but also different 
standards for cars fitted with three-way 


catalytic converters and those relying on 


lean-burn technology. 

Reactions to the original proposals (see 
Nature 20 June, p.622) have been shárply 
divided among the member states. 
France, Italy and Belgium have joined the 
United Kingdom in dismissing the 
emission standards for medium-sized cars 
as too strict. But West Germany, followed 
by the Netherlands, Luxembourg and 
Denmark (which wants to see US-style 
uniformly strict controls applied to all 
categories of cars), is set on tougher 
controls. In addition, the Commission's 
proposals have reopened the. debate on 
large cars (2 litres and over) that appeared 





: , 
Mount Wilson's end 
Washington е 
No rescue plan has materialized to save the 
Mt Wilson 100-inch telescope, due to be 
shut down next week by its owner, the 
Carnegie Institution of Washington 
(CIW). Although discussions are con- 
tinuing to find a “suitable operator” to take 
over the facility, it seems increasingly un- 
likely that one will be found. The several 
rescue groups that had been formed by 
interested astronomers, professional and 
amateur, have apparently failed to raise 
the several million dollars necessary to 
keep the telescope in operation. 

Carnegie announced its intention to 
close the telescope a year ago, citing the 
increasing financial burden of running 
both Mt Wilson and its newer Las Campa- 
nas observatory in Chile. More recently, 
CIW revealed plans for shutting down the 
other astronomical facilities at Mt Wilson. 
The 60-inch reflector, now used for solar 
and stellar observations, will continue 
operating until 1 July 1986. The solar 
observatories will continue operating only 
until next October, but CIW is willing, 
until 1 July 1986, to continue administer- 
ing salaries and other operational budgets 
provided by outside grants. In other 
words, CIW offers a nine-month lease to 
outside investigators who can find their 
own money. Stephen Budiansky 








emission. 





to have been settled in principle on 20 
March. The figures put forward by the 
Commission are unacceptable to 
Belgium, France and the United Kingdom 
despite the fact that the use of the three- 


' way converter in the case of large cars had 


been agreed in March. 

The Commission's proposals have also 
been sharply criticized by an outside 
expert, Dr Michael P. Walsh, former 
deputy assistant administrator for the US 
Environmental Protection — Agency's 
mobile source air pollution control. In two 
papers made public last week, he 
maintained that the | Commission's 
proposals ignore a number of important 
factors. In particular, they do not take 
account of increased car sales which, given 
the long timetable for implementing the 
proposals, could mean "significantly more 
pollution both in the short and long term". 

According to Walsh, by the time the 
entire fleet is converted to the new 
standards, ^ nitrogen oxide and 
hydrocarbon emissions will be almost 
three times more than equivalent US 
levels and carbon monoxide almost two 
and a half times more. “If member states 
choose to implement more 'permissive' 
standards, these estimates”, he says, “are 
optimistic.". 

A major part of the problem is the test 
cycle used to establish the amount of 
pollutant emitted. The European test 
cycle, says Walsh, takes little account of 
modem driving conditions. A new 
European test cycle 1s being run at 
present, on the basis of which the 
standards now to be agreed will be 
modified in a year or two. This, Walsh 
says, will only serve to complicate the 
matter of laying down US-equivalent 
standards now. 

The European Commission has always 
insisted that it is impossible to apply the 
US cycle to European cars. But Walsh 
says that European studies have shown 
that US test procedures are a more faithful 
reflection of current urban driving 
conditions.. He concedes that the 
European test is effective in simulating 
dense congested traffic conditions, but 
says it will not suffice for assessing limits 
for NOX and hydrocarbons (which are 
generated at high speeds, and carried over 
long distances). 

Walsh maintains that the Commission’s 
proposals as they stand will cut NOX 
emissions by only 39 per cent by the year 
2010, while HC and CO emissions will fall 
by 24.4 per cent and 22.8 per cent. On the 
other hand, if US equivalent standards in 
the range of 4.6 grams per test HC plus 
NOX, 16 g/t CO and 2.4 g/t NOX were 
applied for medium and large cars, thé 
actual reduction in pollution could be 66.7 
per cent for CO, 75 per cent for HC and 
76.7 per cent for NOX. 





In response, the Commission has 
produced a paper supporting its proposed 
standards, which it says will reduce all car 
exhaust emissions by 70 per cent in the 
case of large cars and 73 per cent for 
medium cars, compared with 67 per cent 
reduction reached in the United States. 
Emissions of NOX, which are a principle 
concern of EEC, would be reduced to a 
level only slightly above that in the United 
States (1.56 million tonnes each year in 
EEC, compared with 1.48 million tonnes 
in the United States) with a further 
reduction possible when new limits 
(perhaps 5 g/t) are introduced during the 
planned second phase for small cars under 
1.4 litres, bringing EEC emissions down 
to 1.41 million tonnes. ` 

Commission experts estimate further 
that if EEC mimsters agree to introduce 
US-type speed limits of 55 m.p.h. (88 
k.p.h.) as well, global NOX emissions 
from Community.cars could fall to 15 per 
cent below US levels. But this suggestion 
has so far been blocked by West 
Germany, whose cars incidentally emit 
the greatest volume of NOX (637,000 
tonnes 1п 1980) and which is under the 
greatest pressure to adopt tough controls ' 
on air pollution. Anna Lubinska 





Verification in space 
Los Alamos, New Mexico 

DoNALD Kerr, director of Los Alamos 
National Laboratory, is calling for the 
United States to give more attention to how 
it would detect, and assess new high- 
technology Soviet anti-missile defences — 
in other words, a Soviet star wars system. 
Kerr says that “the possibility should be 
anticipated" that the United States and 
Soviet Union might reach agreement to 
limit star wars defences, and points out 
that the first requirement of any such 
agreement would be a means of verifying 
compliance. Conventional reconnaissance 
might not be adequate to assess the 
capabilities of a Soviet star wars system. 

Despite the new technical challenges of 
such a monitoring system, Kerr says he is 
*tmoving in that direction". The testing of 
laser weapons might be detected by look- 
ing for atmospherically-scatteréd repeti- 
tive pulses of light, for example, and satel- 
lites might be interrogated with particle 
beams to see if they contained fissile 
material: the radiation emitted would 
provide information on the isotopes 
present. 

Kerr plans to argue his case in 
Stockholm next month at a conference on 
space weapons and international security 
hosted by the Stockholm international 
Peace Research Institute. Los Alamos 
National Laboratory has long undertaken 
research into ballistic missile defence and 
claims to be well placed to develop means 
of verifying compliance with anti-ballistic 
missile or other future treaties limiting 
arms in space. Tim Beardsley 
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Blood typing 


US sale of British reagents 


BLoop-Group typing in the United States 
is likely to be based on monoclonal 
antibodies, following a deal between 
Celltech, the British biotechnology 
company, and Ortho Diagnostic Systems 
Inc., the Johnson & Johnson subsidiary 
which is the largest supplier of blood- 
typing reagents in the United States. 

Although the British National Health 
Service has already switched over to 
Celltech's monoclonals for ABO blood 
typing, the technology was not simply 
transferable to Ortho The US blood- 
typing test is differently and more rapidly 
performed than the British test. 
Moreover, Ortho's blood-typing reagents, 
based on antibodies from donated blood, 
are designed to detect blood group 
antigens at below the threshold at which 
British tests operate. 

These demands have required a two- 
year period of development by Celltech, 
with support from Ortho. Because the 
single monoclonal antibodies against 
blood groups A and B developed for use in 
Britain did not perform adequately in the 
US tests, Celltech embarked on a 
worldwide hunt for more appropriate 
antibodies. Despite screening hundreds of 
candidates, it failed to find sufficiently 
sensitive single A and B antibodies. So 








Ortho’s reagents are each a cocktail of 
several monoclonals, some of which 
Celltech have: had to buy in from outside. 
At least one unnamed US academic 
laboratory stands to gain. 

There have also been regulatory 
hurdles to cross Because traditional 
blood-typing reagents are blood products, 
they are licensed by the Office of Biologics 
of the US Food and Drug Administration. 
The monoclonals, although derived from 
cultured cells rather than blood, have 
been caught by tradition and subjected to 
the regulations of the Office of Biologics, 
although other diagnostic monoclonals 
have passed through other offices. 

Material is at present produced in 100- 
litre fermenters, but as Ortho’s demand 
builds up, Celltech plans to switch to its 
1,000-litre fermenter which can yield 100 
grams of antibody in a two-week run. If, as 
expected, monoclonals are eventually 
used ın half of ABO blood-typing tests 
worldwide, “a low number of kilograms” 
of antibody will be needed annually. 
According to Gerard Fairtlough, chief 
executive of Celltech, independent 
estimates put the world market for blood- 
typing reagents at £7.5 million per year. 
The initial agreement between Celltech 
and Ortho is for five years, involving 





Searle deals blow to Genex 


Washington 

Genex Corporation, which had pinned its 
hopes for making an early profit on mass 
production of the chemical r-phenyl- 
alanine, the key starting material for the 
artificial sweetener aspartame, has been 
dealt a major setback. G. D. Searle, which 
holds exclusive rights in the United States 
and most of Europe for the use of aspar- 
tame as a sweetener, last week informed 
Genex that it would be dropping its con- 
tract to purchase phenylalanine as from 
November. Genex is left with an $18 mil- 
lion plant that the company says it built on 
assurance from Searle that it would con- 
tinue to be a major supplier. The plant, 
located in Paducah, Kentucky, was com- 
pleted only last year and it reached full 
production three months ago. 

Genex’s president, J. Leslie Glick, ack- 
nowledges that the market for other uses of 
phenylalanine, mainly the production of 
pharmaceuticals, is “limited”, and could 
not justify keeping the Paducah plant 
open. 

Genex last year had sales of $20.6 mil- 
lion, almost all of that from phenylalanine. 
Research and development contracts, 
which totalled $5.7 million last year, will 
now once again become the company’s ma- 
jor source of revenue. Glick said the com- 
pany was looking into the possibility of 
using the Paducah plant for enzyme pro- 





duction or for joint ventures. Only 25 per 
cent of the facility is now used for phenyl- 
alanine production. The company had 
been reserving the remaining space for ex- 
pansion in other areas. 

Glick says that Genex's loss for 1985 
would be less than last year's despite the 
setback, largely because the high cost of 
starting up the Paducah plant was included 
in last year's accounts. Searle refuses to 
comment on the decision not to renew its 
contract with Genex. Searle is known to 
have expanded its own capacity for pro- 
ducing phenylalanine and it also purchases 
an undisclosed quantity from Ajinomoto in 
Japan. Genex's process involved an en- 
zyme reaction of cinnamic acid. Ajinomoto 
(and Searle, which licenses the process 
from Ajinomoto) uses selected strains of 
bacteria and fungi that produce large 
amounts of phenylalanine from sugar. 

Searle patents on the use of aspartame 
expire in the United States in 1992 and in 
Europe beginning in 1987. Genex's plant is 
producing about 2,000 metric tons of 
phenylalanine a year, about two-thirds of 
Searle's current need, according to inde- 
pendent estimates. It is estimated that by 
1987 the demand for phenylalanine will be 
5,700 metric tons per year. Searle's sales of 
aspartame last year were worth a total of 
$585 million. Stephen Budiansky 
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payments of "several million pounds"? to 
Celltech by Ortho. 

John Вегптап of Celltech sees no 
obvious competitors One Canadian and 
one Swedish company have potentially 
suitable monoclonals, but not Celltech's 
ability to produce them in quantity. 
Celltech also hopes to produce a 
monoclonal antibody for rhesus blood 
typing, but because mice do not produce 
antibodies against the human rhesus 
antigen, it has not been possible to use 
standard hybridoma technology. Instead, 
Celltech hopes to develop a system of 
producing a monoclonal antibody against 
D antigen, the main rhesus antigen, in 


human lymphocytes transformed by 
Epstein-Barr virus. Peter Newmark 
AIDS 


France to screen 
blood donors 


FRANCE could begin testing all blood 
donors for antibodies to the virus causing 
AIDS (acquired immune deficiency syn- 
drome) “within a week”, and donors may 
be told the results. This dramatic action to 
limit the spread of AIDS in France is pre- 
saged by the announcement by the Prime 
Minister, Laurent Fabius, in the National 
Assembly last week that, ‘‘after much re- 
flection”, he had decided that a test must 
be “obligatory”. 

The tests will be carried out by the 
blood transfusion service SNTS (Service 
Nationale de Transfusion Sanguine), 
which has been evaluating three different 
commercially available tests. One is 
French, prepared by the Institut Pasteur 
and marketed by the drug company Sano- 
fi, and two US — one from Abbott Indus- 
tries and the other from Electro- 
Nucleonics (distributed 1n Europe by the 
Dutch company Organon). All three tests 
are based on the ELISA technique 
(enzyme-linked immunosorbent assay) 
using killed virus. Because of the loss of 
envelope protein during the preparation, 
all of them are more sensitive to antibody 
to the virus inner protein (gag) than to the 
envelope protein antibodies. 

Exactly which test will be selected is not 
for SNTS to decide, but Fabius spoke 
favourably last week of the French pro- 
duct, “which could be exported through- 
out the whole world". SNTS say that tests 
could begin within a week, although 
Fabius himself did not announce a date. 
He did, however, indicate a cost — FF 200 
million (£20 million) a year. 

On the question of informing donors if 
AIDS antibody is detected, Fabius is not 
yet convinced. He has asked for a “more 
detailed" analysis, and has set up a com- 
mittee of experts to report to him as soon 
as possible. The tests are necessary, but 
unnecessary fears should be avoided, he 
said. Robert Walgate 
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Inertial confinement in trouble 


Washington 

ANTARES, the world's most powerful fu- 
sion research laser, could face premature 
retirement later this year after only two 
years 1n operation, unless the US Con- 
gress takes pity on the $63.5 million instru- 
ment. The laser, at Los Alamos National 
Laboratory, is being used for experiments 
in inertial confinement fusion, but has 
proved to be the instrument of its own 
fate: it has clearly demonstrated that car- 
bon dioxide lasers such as Antares have no 
potential for economic fusion. Hopes of a 
reprieve are now pinned on the possible 
use of Antares in the Strategic Defense 
Initiative (SDI) programme of research 
into anti-missile defences. 

Antares is capable of producing a 40- 
kilojoule pulse of light lasting for one 
nanosecond. The problem is that radia- 
tion of wavelength 10.3 micrometres is, 
with the benefit of hindsight, too long for 





economic fusion. power. When focused 
onto a glass bead containing fusion fuel, 
radiation of this wavelength stimulates the 
emission of hot electrons that pre-heat the 
fuel and so prevent the high degree of 
compression and simultaneous high 
temperature needed to achieve plasma 
ignition. Carbon dioxide lasers would be 
useful only if their cost dropped drastical- 
ly, to about $10 per joule. This is an un- 
likely prospect; Antares costs $1,500 per 
joule, and the cheapest imaginable mass- 
produced carbon dioxide laser would still 
cost $300 per joule. 

The administration's inertial confine- 
ment fusion budget request for fiscal year 
1986 assumes that Antares will be taken 
out of service before the end of 1985. The 
total request at $70 million is about the 
figure for the current year. Donald Kerr, 
director at Los Alamos, has testified be- 
fore Congress that about 100 people may 





Uranium enrichment 





France also plumps for lasers 


THE French nuclear fuel company, 
COGEMA, announced earlier this month 
plans to enrich uranium by laser, rather 


than by the diffusion or centrifugation of 


uranium hexafluoride gas, and said that 
this would cut costs by a factor of two. But 
one French observer says the statement 1s 
a "bluff" prompted by competition with 
the United States for the supply of en- 
riched uranium to Japan and by a wish to 
pre-empt the announcement by the US 
Department of Energy of its decision to 
adopt the laser process. 

Research on laser enrichment has been 
under way at the laboratory of the Com- 
missariat à l'Energie Atomique at Saclay, 
near Paris, for some years. But the feeling 
in France appears to have been tbat the 
technique was not yet required, so that the 
project has been poorly supported. 
According to M. Claude Bearnaud, direc- 
tor of the isotope separation research unit 
at Saclay, it will be 15 years before full- 
scale laser separation plants are in opera- 
tion. 

Bearnaud spends some FF 100 million 
(about £9 million) a year on laser separa- 
tion experiments with the French SILVA 
process, which is similar to the AVLIS 
process, developed by Lawrence Liver- 
more Laboratory in the United States, us- 
ing uranium metal vapour. But following 
the COGEMA announcement, he expects 
his budget to rise next year by some 20—30 
per cent, taking SILVA to the "pre-pilot 
phase”. The separation of kilogram quan- 
tities of uranium will come only later, 
Bearnaud says. The Lawrence Livermore 
Laboratory, after a year’s frantic competi- 
tion with the Oak Ridge advanced gas cen- 








trifuge, has now claimed the successful 
enrichment of some five kilogrammes of 
uranium. 

Even so, says Bearnaud, there is no 
commercial need for a laser plant as yet. 
So why the US haste? One British laser 
physicist believes the spur may be the 
need to accumulate separated plutonium 
for the increasing numbers of US multi- 
warhead (MIRV-ed) missiles. In these 
missiles space is at a premium, and pluto- 
nium, with a lower critical mass than ura- 
nium, makes smaller triggers. The United 
States has plenty of plutonium in spent 
fuel from its 90-odd pressurized water 
reactors, but that is contaminated with 
isotopes which dampen the fast chain 
reaction which is essential in warhead ap- 
plications. 

AVLIS, or SILVA, could help The 
principles could be applied to any isotope 
system, but Bearnaud says he is not at 
liberty to say if his group has worked on 
plutonium. 

For commercial uranium separation, on 
the other hand, French sources are more 
forthcoming. Estimates are that the opti- 
mum size of a laser plant will be some l4 — 
1 million units “separative work" (SWU) a 
year, enough to supply three to six 1,000- 
MW pressurized water reactors with fuel. 
By comparison, the giant Eurodif diffu- 
sion plant at Tricastin in France is capable 
of nearly 11 million SWU a year, but is 
under-utilized. Laser separation will be 
cheaper in the long run, according to 
Bearnaud. Indeed, COGEMA is said to 
have offered in Japan to halve future en- 
riched uranium prices. 

Robert Walgate 














lose their jobs in inertial confinement fu- 
sion if the proposed cuts go ahead. 

David Cartwright, principal program- 
me manager for inertial confinement fu- 
sion at Los Alamos, has recently informal- 
ly requested an extra $5 million to allow 
the current series of experiments on 
Antares to be completed, because recent 
results suggest that the temperature of the 
troublesome hot electrons can be reduced 
by increasing pulse duration from about 1 
nanosecond to 5 nanoseconds. This sum 
would nevertheless keep Antares in op- 
eration for only a few months, and would 
not allow modifications for new experi- 
ments. Hence the hopes that the SDI 
organization might take an interest. 

Cartwright says Antares is the only 
national facility that could be used to test 
the predicted effects of high intensity laser 
radiation on nuclear warhead re-entry 
vehicles. The pulse length and power 
could without much difficulty be increased 
to a few microseconds and 0.25 mega- 
joules, a region of importance for laser 
weapon concepts. Mirrors would have to 
be repositioned so that, instead of con- 
verging in three dimensions on a single 
point, the laser beams would illuminate a 
larger spot from one side A request for 
$15 million has been made to the SDI 
organization for this purpose. Antares 
might also be used to drive X-ray lasers, 
also of SDI interest. 

Congress is sympathetic to the idea of 
keeping Antares running, and both 
houses have authorized sums of around 
$145 million for inertial confinement fu- 
sion — twice the administration's request. 
The appropriations hearings, which will 
decide how much will actually be spent, 
have, however, only just started. 

Some support for Antares has come 
from the National Academy of Sciences, 
which is carrying out for Congress a study 
of inertial confinement fusion. The com- 
mittee responsible has made known its 
opinion that it would be unwise to disman- 
tle a facility while its usefulness is still 
being evaluated Congress might there- 
fore take this cue to override the Office of 
Management and Budget, as it has been 
known to do before. Congressional aides 
warn, however, that there may be jurisdic- 
tional obstacles to supporting Antares 
directly through the SDI organization, if 
only because that would entail a transfer 
of funds between two subcommittees. On 
Capitol Hill, subcommittees’ territories 
are guarded jealously, and the political 
difficulties are seen as far more daunting 
than the technical modifications that 
Antares itself would need. 

The other major fusion research laser 
facility 1n the United States, known as 
Nova, is close to completion at Lawrence 
Livermore laboratory. The light produced 
by the neodymium-glass lasers in Nova 
has a wavelength of around 1 micrometre, 
but 15 then frequency-multiplied by a fac- 
tor of 3 to give hght with 0.35 micrometre 
wavelength. Even this is not expected to 
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be economically viable for fusion; the best 
поре among lasers is probably the krypton 
: fluoride excimer laser, which has а 
"wavelength of 0.25 micrometres and 


* which has been developed since work on 


^^ Antares and Nova began. Los Alamos has 
* -a small experimental krypton fluoride las- 
; er known as Aurora. Many now believe, 
^ however, that light ion beams will beat 
lasers to achieving plasma ignition. What 
might be the first machine to reach plasma 
ignition, known as Particle Beam Fusion 
Accelerator-2, will begin tests early next 
year at Sandia National Laboratory in 
Tim Beardsley 





- Proliferation 


Tuer atomic vapour laser isotope separa- 
tion process (AVLIS), chosen by the US 
Department of Energy for separating the 
fissile uranium-235 isotope from natural 
uranium (see above), relies on selective 
three-photon ionization in an electric 
field, which sweeps out the ionized ura- 
nium-235. 

.. Success depends on the relatively large 
(1 GHz) isotope shifts of spectral lines of 
the actinide elements on the low thermal 
velocities of such heavy atoms (implying 
reduced Doppler broadening) and the use 
of laser beams impinging perpendicularly 
on a collimated jet of uranium vapour (re- 
ducing Doppler effect still further). 

In principle, the excitation could be 
effected in two steps, by a photon carefully 

5; tuned to an internal excitation and a 

_ photon of almost any wavelength to take 

the excited electron out to the continuum, 

leaving the atom ionized. But the ioniza- 
tion energy of uranium-235 is so high that 
the two photons would have to be at the 

‚ blue end of the spectrum, where tunable 

lasers are expensive and where photons 
tend to degrade laser mirrors. So AVLIS 
uses instead two low-energy mid-spectrum 

‘photons, produced by a dye laser, to effect 
the finely-tuned selective excitation. A 
third ultraviolet photon is then used to take 
the excited electron far out into the con- 

" tinuum, where auto-ionization resonance 

^ increases the ionization cross-section ten- 

fold. 

| The use of two successive excitation 
. photons also has the advantage that each 

© сап be fired from different sides of the 
uranium jet, so that the first-order Dop- 
pler effects cancel. The Lawrence Liver- 

more dye lasers are pumped by a high- 
efficiency high repetition-rate copper- 

*. vapour laser which has the advantage over 


©» continuous lasers of an extremely high 


;average power. 

According to one British laser physicist, 
"such. devices “could be run in a university 

laboratory" to separate kilogram quanti- 

ties of fissile uranium-235. If a dye-laser 

-system were established in Libya, for ex- 

"ample, “it would be invisible", which is 

“why we're worried about them”. 

Robert Walgate 
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Hubble telescope 


Space institute’s wings clipped - 


Washington 
A stupy of the Space Telescope Science 
Institute (STSI) by a National Research 
Council task group has concluded that the 
ever-expanding institute should not be 
allowed to grow much beyond its present 
size. The study, which was commissioned 
by the National Aeronautics and Space 
Administration (NASA), says that new 
scientific functions required for the Hub- 
ble Space Telescope should instead be 
contracted to outside organizations, with 
STSI restricted to an advisory role wher- 
ever possible. 

The task group undertook its study in 
the light of widespread concern in the 


astronomy community about the insti- 
tute's rapid growth since it was established 
in 1981. NASA originally planned an insti- 
tute with a staff of 100 and an annual 
budget of less than $5 million; STSI's 
budget for this year, however, is $12.8 
million and is expected to reach $21 mil- 
lion by the end of the decade (at 1984 
prices). The staff already numbers over 
200 and is expected to top 250 before long. 
Some fear that the institute might squeeze 
out other NASA astronomy projects. 

The task group, chaired by William 
Gordon of Rice University, agrees that 
NASA's original idea of having a special 
institute to manage science for the space 
telescope was a good one, and says the 
institute, which is based at Johns Hopkins 
University, has done a good job of sur- 
mounting the many unplanned technical 
obstacles that have beset the space tele- 
scope. But the task group euphemistically 
suggests that STSI's stated objectives 
should be modified by adding a require- 
ment that STSI work "within available re- 
sources". What those available resources 
should be is not specified, although the 
task group notes that STSI was intended 
to be comparable in size with other 
ground-based astronomy facilities; that 
being the case, STSI is already close to the 
upper limit. 

Gordon's task group also has some im- 
plied criticism for the Association of Uni- 
versities for Research in Astronomy 








( AURA), the organization that is nomi- 
nally in control of STSI. Gordon says that 
AURA should play a more active role in 
mediating in the frequent jurisdictional: 
conflicts that have arisen between NASA 
and STSI | 

Other recommendations include the: 
suggestion that STSI develop remotely ac- 
cessible data archives and software that ^ 
can be run on computers at researchers. : 
home institutions, to avoid pressure оп. 
computer. time at STSI. The task group 
aiso says NASA and STSI should plan аг 
joint public information service for when . 
the telescope is operational. In the longer 
term, however, Gordon says it is up to’ 
NASA to make clear its plan for the future: 
of the institute. Tim Beardsley © 


The report, Institutional Arrangements for the 


paer Telescope: A Mid-Term Review is by the.. 
ommittee on Space, Astronomy and Astrophy- -.. 
sics, National Research Council, Washington, 
DC. 





East German physicist 


Absence noted 


AT a physics conference in Visby 
Sweden, this month, Dr John Е. Sharpey- 
Schafer from the University of Liverpoo 
announced that his paper was dedicated to 
Dr Stefan Frauendorf of the Zentral Insti- 
tut für Kernforschung at Rossendorf, Eas 
Germany. Dr Frauendorf had been in- 
vited to read a paper at the conference, 
but was arrested last November, and i$ 
now said to be facing charges of espion- 
age, based on alleged contacts with West 
German intelligence services. 

Dr Frauendorf һаа for several years. 
been a regular visitor to the Niels Bohr’. 
Institute in Copenhagen, where he was. 
working with several other scientists on.a 
joint project on nuclear structure. : 

At the time of his arrest, he was in the 
process of reading and correcting a paper, 
written jointly with the Niels Bohr team, 
on high spin states. This paper seems to 
have disappeared at the time of his arres 
and, as there was no copy, much work ha 
had to be redone. A letter from the Niels 
Bohr Institute, enquiring about the paper 
and deploring the breaking off of col- 
laboration with Dr Frauendorf, brough 
only the answer that the physicist was. 
under investigation for espionage carried. 
out over a number of years. 

The Niels Bohr Institute has been work- 
ing with Rossendorf for some 20 years, an 
association which has been. especially 
fruitful over the past five years or so, 
roughly the period of Dr Frauendorf's 
visits. Cooperation arrangements have: 
not been entirely broken off by the inci- 
dent, however; three further visitors have 
arrived from Rossendorf since the scien- 
tist's arrest. VeraRich | 




































enus 


emm mui 


Tue first part of the Soviet Veha (Venus- 
Halley) mission, the descent of atmos- 
heric and surface probes to Venus, has 
been a success, according to Dr Vladimir 
Kotel'nikov, first vice-president of the 
Soviet Academy of Sciences. Indeed, in 
good Soviet style, the Veha-2 surface 
probe, which included a rock-gathering 
minidrill and spectrometer analysis cham- 
ber, overfulfilled its norm, working and 
transmitting data for 22 minutes and 17 
seconds rather than for the expected 14 
minutes, "Express analysis" of incoming 
data, moreover, revealed a number of 
new results, both confirming previous 
postulates and producing various sur- 
prises. 
© The Veha-2 descent module, which 
landed in the Rusalka plain (6°27' S. lat- 
tude, 181°5’, longitude), has revealed the 
presence at that point of soft sandy soil. 
Previous missions had revealed a more 
‘rocky terrain and, although several 
planetary podologists had postulated that 
more friable soil might be encountered, 
his is the first direct evidence of them. 
_ Similarly, the two drifting aerostatic prob- 
es (carried by helium balloons) directly 
confirmed the presence of large quantities 
of sulphuric acid in the venusian clouds. 
These two probes drifted around the 
planet’s equator for a quarter of its cir- 
/'cumference, with a translation velocity of 
6010 70 metres a second. Surprisingly, the 
"balloons encountered updraughts and 

















New observatory 


"Tu site of the new international observa- 
tory on La Palma, in the Canary Islands, 
which is to be inaugurated by King Juan 
‘Carlos of Spain on 29 June. From left to 
right the partially constructed dome of the 
4,2-metre William Herschel telescope, the 


wedish Solar Tower, the 2.5-metre Isaac 
‘Newton telescope, and the I-metre Jacobus 
Kapteyn telescopes. Also at the ceremony 
"will be six other heads of state (or their 
representatives). The participating nations 
are Spain, the United Kingdom, Denmark, 
weden, the Netherlands and the Irish Re- 
public. (Photograph courtesy of the Scien- 
ce and Engineering Research Council.) 



































Soviet probes make soft landing 


downdraughts of up to | m a second, which 
hurled them up and down by 200 to 300 m. 
The drift data from the probes, which 
were tracked by radio telescopes at Med- 
vezh'i Ozera and Ussriisk in the Soviet 
Union, Pentikton (Canada), Fort Davis 
(United States), Madrid, and Parkes (Au- 
stralia), will be processed in conjunction 
with the CNES centre at Toulouse. Full 
results are not expected before the begin- 
ning of 1987. At the press conference at 
the Space Exploration Institute of the 
Soviet Academy of Sciences last week, 
speakers stressed that even the initial data 
“leave no doubt” of the “powerful circula- 
tion” in the venusian atmosphere. 

This press conference and the approach 
of the Soviet media in general to this, the 
first major space event of the Gorbachev 
era, is instructive. TASS reported the mis- 
sion without its well-worn formula that 
this research was carried out in accord- 
ance with the directives of the 22nd Party 
Congress on the application of space to 
the national economy, which suggests a 
deliberate effort to take the public into the 
scientists’ confidence. 

One radio transmission at 16.30 Mos- 
cow time on 15 June took the form of a 
report from the flight control centre, sug- 
gesting that it was happening in real time. 
An interview with Dr Valerii Barsukov, 







































director of the Vernadskii Institute of 
Geochemistry and Analytical Chemistry, 
on volcanism on Venus was “interrupted” 
by an announcement that Veha-2 had 
landed. The effect may have been spoiled 
for discerning listeners by the fact that 
shorter and less dramatic announcements 
of the Veha-2 landing earlier that day had 
also been given out on radio in real time 
style. 






The Veha-2 surface probe. 


For the rest, the official spokesmen 
have stressed the international aspects of 
the mission. France has participated in 
providing the apparatus for the aerostatic 
probes and landing craft, while the Hal- 
ley’s comet part of the mission will involve 
equipment from “a large number of both 
socialist and capitalist countries”. 

Vera Rich 





CERN 


Schopper’s views on Kendrew 


Reactions last week to the Kendrew re- 
port on the future of British participation 
at CERN, the European Organization for 
Nuclear Research (see Nature 20 June, 
p.619), at least from particle physicists in 
Britain and Europe, are most diplomati- 
cally described as a blend of acute sceptic- 
ism and puzzlement. The scepticism is that 
a combination of broader international 
membership and a reduced budget could 
possibly lead to a 25 per cent reduction in 
the cost of CERN by the deadline set for 
1991, and puzzlement that somebody with 
Sir John Kendrew’s experience of running 
the European Molecular Biology Labora- 
tory at Heidelberg could ever have 
thought his panels recommendations 
practicable. 

Professor Herwig Schopper, the direc- 
tor-general of CERN, while saying he was 
glad that the report was very positive ab- 
out the science and management of 
CERN, emphasized the implications of 
the recommendations. “Increased mem- 
bership is not a new idea; some interna- 
tional collaborations have associate mem- 
bers linked to only parts of their program- 
mes, but we have only one major prog- 
ramme [the construction of the electron— 
positron collider LEP]. Wider mem- 
bership is a possibility for the future”. 


A major hindrance to widening 
CERN's membership in the near future, it 
seems, is that countries such as Japan and 
Canada (mentioned by Kendrew last 
week as possible candidates) would not be 
attracted by LEP given the advanced state © 
of its development. Looking much further 
ahead, however, the proposed construc- 
tion of the Large Hadron Collider in the 
LEP tunnel would necessitate a significant... 
increase in CERN's budget, and that pro- 
ject could attract a wider membership. 

The proposed cut in the cost of CERN 
of 25 per cent by 1991 would, in the cir- 
cumstances, have to come from reduced 
contributions from the member states. 
Schopper points out that about half of the 
budget goes on salaries. “CERN’s council 
could decide on lower salaries for new 
arrivals, but current recruitment rates are 
low. A decision to reduce existing salaries 
could result in our being taken to court.” 
So, Schopper says, a 25 per cent cut in 
CERN’s budget would have to come 
almost entirely from the materials budget, 
and would effectively emasculate CERN. 
There is no sign, moreover, that other 
member states would approve a signifi- 
cant budget cut. “This seems to be a spe- 
cial British problem”, said Schopper. us 

Philip Campbell 
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. Royal Society backs protest 


* Tue management and financial support 
- ^. for geophysics research in Britain are in- 
adequate, while government support is 
“poorly coordinated, even capricious”. 
This is the theme of the report of a work- 
ing party on geophysics research set up by 
е Royal Society under Professor Е.К. 
= Oxburgh (Cambridge). The group's re- 
port, Support of Geophysics in the United 
Kingdom, published last week, has been 
endorsed by the Royal Society council. 
The starting-point for the working par- 
'ty's argument is what it sees as a mismatch 
:; between the rapid growth of reflection 
^seismology surveys for economic pros- 
pecting, on which $3,000 million was spent 
| worldwide in 1982, and the scale on which 
' "basic geophysics is supported. “If there is 
one message we wish to convey, it is that 
geophysics matters to the country", said 
Oxburgh last week. 
The report gives a gloomy account of 
lost opportunities in British geophysics. 
7: The next phase of the Deep-Sea Drilling 
Programme will *go ahead without British 
'. participation" for lack of £2.5 million a 
. year. Except on a "private basis", British 
" scientists will not be involved in the use of 
the. worldwide seismic networks being 
built by the United States and France for 
modelling the inner structure of the Earth. 
It would be “unthinkable. . . at present" 
to propose British participation in the 
deep continental drilling programmes 
being mounted by West Germany or the 
deep-sea submersible projects of the Un- 
ited States and France. Noting that British 
geopliysicists have in the past done well in 
elections to the fellowship of the Amer- 
ican Geophysical Union, the working par- 
ty says that the figures also show that "sig- 
nificant numbers of geophysicists have 
chosen not to work in Britain". 

In its analysis of what has gone wrong, 
the working party says that an estimated 
110 academic geophysicists and perhaps as 
many postdoctoral workers are distri- 
buted "in small groups or as isolated indi- 

` viduals” in university departments of phy- 

sics, geology and even applied mathema- 

tics. The report asks for a “greater concen- 

tration in fewer centres”, offering as mod- 

els the Mullard Space Science Laboratory 

of University College, London, and the 

Robert Hooke Institute for Atmospheric 
Research at Oxford. 

The mechanism of government support 

for geophysics research is the other chief 

-cause of trouble. The Oxburgh group sus- 

|». pects that the British geophysics commun- 

ty may be too small a constituency of the 

Science and Engineering Research Coun- 

cil (SERC), which spent £1.2 million on 

© geophysics research grants іп 1983-84. 

^ This is nearly three times the value of the 

grants awarded by the Natural Environ- 

5. ment Research Council (NERC), most of 

- whose support for geophysics goes on its 










































own institutes and on collaboration ven- 
tures. 

The working party is stinging in its cri- 
ticism of NERC (see below), although 
sympathetic about the council's difficul- 
ties. The chief of these is the erosion of 
commissions for research at NERC insti- 
tutes from government departments, 
which is reckoned to have declined from 
£25 million to £15 million (at present 
prices) in three years. NERC has suffered 
“not only its own budget cuts. . . but also 


NERC pilloried 

Tue Oxburgh group’s criticisms of NERC 
include the following. 

© “The council, or some of its officers, 
sees itself as now directing research prog- 
rammes rather than facilitating research 
in institutes and universities.” 

@ The cost of NERC’s central scientific 
services (mainly a computing network) 
seems to be too high (at £6 million a year) 
compared with that on other facilities and 
decisions about NERC services “are still 
being made without being approved by 
appropriate scientific committees”. 

@ On the allocation of research vessel time 
to university scientists, the Oxburgh group 
complains that people cannot plan ahead. 
Shortly before the new research ship 
Charles Darwin was delivered last year, 
NERC laid up most of its other research 
vessels, forcing academics to put off plan- 
ned observations. Because allocation of 
ship-time and running costs are made by 
different committees, investigators may be 
blessed with ship-time *but not the much 
smaller sums" required to make use of it. 
© The group is concerned about the func- 
tioning of NERC headquarters. “We are 
astonished” at their involvement in minor 
matters . . . “Directors are not being 
allowed to direct." Apart from the unreg- 
ulated growth of the computer network, 
the group is concerned that active scientists 
on the council and its committees are not 
“effectively involved" in the disposition of 
financial resources. Not surprisingly, the 
group raises the question whether NERC 
should continue to be responsible for sup- 
porting university research, says that the 
style of headquarters management makes 
NERC seem “bureaucratic and insensi- 
tive" and asks, as one of its principal re- 
commendations, that the Advisory Board 
for the Research Councils should consider 
what should be done. 

In a statement put out earlier this week, 
Mr Hugh Fish, now confirmed as chair- 
man of NERC, said that he took “great 
exception" to parts of the report (but a 
spokesman declined to say what these are). 
Mr Fish said he plans “to do no more" than 
seek a discussion of the report with the 
president of the Royal Society. B 














enhanced cuts in its contractual inco 
from customer departments". —— 
One result, the report says, 1s tl 
NERC has been "obliged" to concentrat 
on work that brings in outside inco 
“with less regard to the scientific contet 
and often in competition with others, Т 
working party also says that the ability. o 
the institutes to “compete in the market 
place" has been constrained by labour leg 
islation and trades union agreements, cit 
ing the way in which the British Geologic 
al Survey (the largest institute) has beei 
compelled to take onto its permanent staff 
a.number of people originally hired for. 
short-term projects. | E 
In general, the report says; NERC sup 
port.for its geophysics institutes range 
from the “marginally satisfactory . 21 
the derisory". The Oxburgh group is espe: 
cially concerned. about the danger that 
geophysical survey work is being neg- 
lected. It says that geophysical surveys i 
the South Atlantic were drawn on by the. 
British government during the Falklands 
war, contributing to an unquantifiable. 
“saving in lives". The report goes on to say. 
that “strategic national interests are in- 
volved, and it is not right that such deci 
sions should depend on the funding priori-. 
ties of a particular government depart- 
ment at a particular moment". ; 
Noting that the funds made available 
for new research projects in geophysic 
have declined by half over the past fiv 
years, the working party says that one con 
sequence has been “a pervasive pessimist 
and loss of morale" among researchers." 
The working party is also critical of the. 
lack of coordination. between research 
ccuncils and government departments. 
Projects falling between NERC and 
SERC face a “double hazard", where each: 
council has to commit funds before work 
can go ahead. The report cites the *dis-. 
couraging history" of a satellite laser- 
ranger suggested by the Royal Greenwich 
Observatory, where one council was pre- 
pared to meet the high capital cost but the. 
other unable to afford the running costs. 
In resignation, the working party turns 
from British orthodox sources of funds to 
those that might be found elsewhere. O 
the basis that much future geophysics w 
hang on satellite observations, the O: 
burgh group asks for greater involvement. 
by the British Department of Trade and 
Industry, and urges the setting-up of a 
space research directorate (which has 
since been agreed). It asks that there 
should be closer coordination with the 
military on geophysical problems of 
mutual interest, and says that British 
geophysics should take advantage of the 
interest of the European Commission in 
the geophysics of energy problems. Th 
report says that industrial companies 
should spend more on the support of Brit- 
ish geophysics, and that problems of com 
mercial secrecy are by the Norwegian € 
perience not the impediments to | 
laboration they are often said to be 










































































Sir — A recent article by A. Lubinska' 
“discusses the relative merits of catalytic 
converters versus ledn-burn engines. In 
‘that comparison she states that “The high 
eaitfucl ratio of the lean-burn engine low- 
vers both carbon monoxide and nitrous ox- 
ide emissions, but increases hydrocarbon 
emissions..." 

Nitrous oxide, N,O, is emitted only in 
‘small quantities by internal combustion 
"engines, while nitric oxide, NO, is pro- 
produced in large quantities?. In addition, 
«NO is inert in the lower 10 km of the 
atmosphere while NO plays a major role 

in both photochemical smog (O,) forma- 
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RELATIVE CONCENTRATION 


25 
ARZFUEL RATIO (by mass) 
‘atiation іп combustion products as a function of 
ür/fuel ratio", NO, is the sum of NO and NO,; these 
two compounds are rapidly interconverted in the 
imosphere. The dashed line shows the result of mis- 
iring. 


| tion and acid deposition. She appears to 
have confused the two gases. 
Моге importantly the article tends to 
oversimplify a complicated issue. Lean- 
burn engines have advanced significantly 
recent years, but they are technically 
complex and not immediately available 
for mass-production. Not all types of vehi- 
's are suitable for lean-burn engines; the 
crease in gasoline (motor fuel) economy | 
accompanied by a decrease in power. 
As the air/fuel mixture becomes leaner 
(higher on figure), NO emissions increase 
before they decrease. Lean-burn engines 
must run at an air/fuel ratio of 22 to 25 
before nitric oxide emissions are signifi- 
antly reduced. At such lean mixtures, 
ordinary engines misfire and hydrocar- 
"bons rise dramatically. А lean-burn en- 
gine must have an efficient fuel-injection 
system to avoid misfiring’. The more 
-advanced fuel injection system and other 
- modifications add to the price of an auto- 

mobile. expenses neglected in Lubinska's 
“article: = 

Catalytic converters are more readily 
available than lean-burn engines but even 
ntation of catalysts in Euro- 
non-trivial. They have been 
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Pollution from aut 


used successfully in the United States but 
Europe offers more extreme driving con- 
ditions. There are more congested cities 
where the catalyst tends to be too cold and 
autobahns where routine speeds approach 
160 km per hour (100 miles per hour) and 
the catalyst tends to be too hot. 

Lead. even in very small amounts. 


poisons catalytic converters. In the United | 


States. unleaded gasoline is federally 
mandated and nearly all driving is within 
national boundaries. In Europe, where 
drivers frequently cross national borders. 
lead-free gasoline may not be uniformly 
available. 

In summary, lean-burn engines are a 
promising alternative to catalytic conver- 
ters, but they too have problems. The re- 
duction of air pollution from automobiles 
is not simple, and a variety of techniques is 
sure to be needed. 

Кок. R. DICKERSON 
Department of Meteorology, 
University of Maryland, 
College Park, Maryland 20742, USA 


1. Lubinska, A. Nature 314, 304 (1985). 

. Weiss, К.Е. J. geophys. Res. 86, 7185-7195 (1981). 

. Stedman, D.H. & Shetter, R.E. Trace Atmospheric Con- 
stituents: Properties Transformations and Fates (ed. 
Schwartz, S.E.) 411-454 (Wiley, New York, 1983). 

. Agnew, №. Proc. R. Soc. A387, 153 (1968). 

. Olson, D.R. in Air Pollution IV (ed. Stern, A.C.) 595-654 
(Academic, New York, 1977). 

. Kobayashi, N., Akatsuka, T., Nakano, J., Kamo, T. & 
Matshushita, S. JSAE, Rev. 14, 106-111 (1984). 


wt 





е 

Research councils 

Sır — Whatever the faults of Whitehall, it 
is never lost for ideas to make research 
councils more efficient. Last year the 
Comptroller and Auditor General! 
warned that by appointing the best candi- 
date for the job, the research councils 
were being flooded with staff of unneces- 
sarily high calibre. This was part of the 
wider problem of fluid grading. Several 
research councils, although not the 
Medical Research Council (MRC), were 
guilty of basing promotion on the ability of 
the individual, rather than the name of the 
job. These suggestions were made in all 
seriousness and the research councils have 
duly promised to mend their ways. 

It has now been realized that what re- 
search councils need. to make them more 
effective, is flexibility through more short- 
term and fewer career appointments". It is 
well known that a civil servant who shows 
sigris of starting to understand a job must 
be moved on as quickly as possible. This 
strategy. which has done so much for the 
British civil service, could well be ex- 
pected to transform the work of the re- 
search councils. 

There are one or two difficulties. The 
Advisory Board for the Research Coun- 
cils has itself pointed out? that scientists 
on short-term contracts tend to spend 
the first half of their time learning to do 
the work and the second half looking for 









another job. Moreover, the absence ot^ 
any prospect of employment after the 
age of 35 could conceivably deter first 
class candidates from applying. The 
research councils hope that with some 
alteration of pension arrangements, those 
on short-term appointments will move on 
to jobs in industry though, outside a few 
narrow specialties. it is far from certain 
that this is what industry wants. 

PhDs with postdoctoral experience are 
deemed overqualified for the majority of 
jobs in industry. Most. of the remaining 


| jobs require industrial rather than re- 
i search council experience. As an indicat- 


tion, over the past 3 years, 230 MRC 
scientists came to the end of short-term 
appointments; 13 obtained permanent 
appointments with MRC and 14 obtained 
jobs in industry. Most of the remainder 
went on to yet another short-term 
appointment. It would be no harm if MRC 
were permitted to let short-term staff 
benefit from the pension contributions 
made on their behalf, rather than to use . 
these contributions, as at present, to sub- 
sidize the pensions of other staff 
members, but it is doubtful if this would 
fully compensate for such appalling career 


| prospects. 


Scientists vote with their feet, and 
short-term appointments tend to produce 
few applicants, often of indifferent ability. 
Permanent appointments attract large 
numbers of applicants, many of outstand- 
ing ability. It has never. been explained < 
why it is thought that employing less able 
scientists on disadvantageous terms will 
produce greater flexibility and effeetive- 
ness than employing more able scientists 
on advantageous terms. Perhaps the only 
moralis that the research councils are cap- 
able of mismanaging their affairs quite 
badly enough without the assistance of 
Whitehall. 

MICHAEL GREEN 
Chairman, AUT/MRC Committee 
MRC Cell Mutation Unit, ; 
University of Sussex, 
Brighton BNI 9RR, UK 
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Embryo research 


Sır — In the controversy over the status of 
the human embryo, there exists a state of 
doubt: some say it is a human being, 
others say it is not. The views seem fairly 
equally balanced. 

In this impasse. the next step is to ex- 
amine the consequences should one side 
or the other eventually be proved to be 
indisputably correct. On the one side we 
risk losing a valuable research opportunity 
— on the other we risk committing mur- 
der. D.A.DARCY т 
| 7 Granville Road, 
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| Sevenoaks, Kent, UK | 

















| measurement of plate movements lies just ahead. 


Tur exciting prospect that radioastro- 
потег will be able, by the use of long- 
2 baseline interferometers, directly to mea- 
sure the motion of tectonic plates, will be a 
‘little delayed, it seems. That is one cau- 
tious reading of the latest report on four 
years of work with the international net- 
work of geodetic observing stations oper- 
| ated under the title IRIS (for Internation- 

al Radio Interferometric Surveying). 
which is itself an outgrowth of the com- 
bined operation of the US project 
POLARIS (for Polar Motion Analysis by 
Radio Interferometric Surveying) and the 
"West German geodetic radio telescope at 
"Wettzell, Bavaria. In an account of 
"observations to the end of November 
1984, W.E.Carter, D.S.Robertson and 
J. R:MacKay of the US National Geodetic 
Survey (J.geophys.Res. 90, 4577-4587, 
1985) quote estimates of the rate at which 
‘two baselines are changing, but with 
errors that are still too great for comfort. 
The idea that radio-interferometry 
might be used for checking on plate tecto- 
nics has been in the air ever since radio 
telescopes separated by a substantial dis- 
tance were first used for the accurate 
measurement of the angular size of distant 
/; ,radio sources, quasars for example. But 
the technology of very long baseline inter- 
ferometry (VLBI) is only now good 
enough, and the network of observatories 
‘enough, to bear on plate tectonics. 
Schematically, the technique is simple 
enough. Several telescopes simultaneous- 
t dy observe the same distant radio source, 
recording their signals on magnetic tape 
"(together with an accurate measure of 
time, most conveniently provided by a loc- 
al hydrogen maser). In general, there is a 
time-lag between the receipt of the same 
waveform at one station and another 
which, when multiplied by the velocity of 
light, will be a simple measure of the 
separation of the two antennas along the 
line of sight. But given that the Earth ro- 
tates, the time-lag will change systemati- 
cally with time, and in such a way that it 
= should be possible to infer from the 
5x observations not merely the relative 
|. geometrical position of the two antennas, 
their baseline separation included, but 
_ -also the instantaneous position of the axis 
|. about which the Earth is rotating. 
| Practice is, as always, more difficult. 
1. One heartfelt complaint by Carter et al. is 
coo that the sheer weight of the magnetic tape 
^ which has to be assembled at a comparator 
centre after a day's observation by a hand- 































ful of stations may amount to several hun- 
dred kilograms, ^a troublesome con- 
straint limiting the growth of geodetic 
VLBI”. Even so, the planners intend 
adding to the four core stations (West- 
ford, Massachusetts, the Agassiz station 
in Texas, Richmond, Florida, and Wett- 
zell) cooperation with the Kashima 
Observatory in Japan and the Shanghai 
Observatory on mainland China. Other 
radio telescopes in the United States and 
elsewhere join in the network as the 
opportunity arises; that at Onsala, 
Sweden, takes part for one day a month. 

The most startling result so far seems to 
be that of the measurement of the Earth's 
pole position, which has been determined 
since the beginning of 1984 with an accura- 
cy of 2 milliarc seconds (or 6 cm on the 
ground). This, at least, is the discrepancy 
between the VLBI measurements of the 
pole position and those obtained quite in- 
dependently from satellite ranging, which 
confirms the accuracy of both sets of 
measurements. VLBI measurements ev- 
ery three or five days may be enough to 
keep track of this polar (Chandler) wob- 
ble to within a milliarc second. 

For what it is worth, the 1984 observa- 
tions put the position of the pole on a 
smooth arc destined to form a near-circle 
some 16.5 metres in diameter, not very 
different in amplitude from that measured 
in the previous year but more than twice as 
great as the amplitude of the Chandler 
wobble in the two earlier years. Because 
the VLBI measurements will be made in 
any case, and because they can be quickly 
reduced, they will quickly become the pre- 
ferred way of tracking the wobble. 

The data have also thrown up a wealth 
of detail about departures of the Earth's 
rotational speed as given by Universal 
Time (strictly, от1). Departures from reg- 
ularity leading to fluctuations of up to 6 
milliseconds occur, with some excursions 
lasting for several months and others for 
only a few days. It should be possible to 
monitor the regularity of ur (or of the 
Earth's rotational speed) to within 0.1 mil- 
liseconds by means of a daily hour-long 
measurement along a single baseline. 
That is also a by-product well worth hav- 
ing. Daily monitoring may even make it 
possible to tell which fluctuations of rota- 
tional speed are attributable to what. 

Other by-products include some in- 
formation on the nutation of the Earth's 
rotation, which reflects displacements be- 
tween the spinning core of the Earth and 








‘Observational plate tectonics | 


-The latest report of the international radio-interferometric survey IRIS suggests that the direc 


the outer solid hollow sphere. The Earth. 
tides responsible for the rhythmic fluctua- 
tion of the altitude of the radio telescopes’ 
in the network are also evident in the data. 
So what is there to be said about the 
baselines and their. variation? И. is 
obviously easier to extract from the 
measurements of the time-lags and the 
variation with time the quantities whos 
time-dependence takes a predictable 
form. This is one reason why fluctuations 
of the Earth's rotational speed can be 
monitored so easily; the time-lag between 
any pair of stations in the VLBI network 
will be a sinusoidal function of time whose 
frequency is that of the Earth's rotation. — 
By contrast, the baseline lengths appear | 
as factors in the constants by which these 
variable quantities are multiplied, so that- 
the accuracy with which they can be deter- 
mined is no greater than that of the 
observations asa whole. Even so, baseline 
measurements are said to be repeatable to 
within about one part in 100 million, a 
mere centimetre or so of error for the 
longest baselines, for the time being those 
based in Europe and the United States. |. 
This is the promise for plate tectonics. | 
Many of the movements expected should 
be readily verified as further measure- 
ments of the baselines accumulate. In-. 
deed, Carter et al. tantalize their readers 
with an estimate of the rate of change of 
the baseline between Westford (Mas- 
sachusetts) and Onsala (Sweden) and that. 
between Westford and the Texas station. 
The conclusion is that the trans-atlantic 
baseline is lengthening by 14 mm a year 
(with an estimated uncertainty of 3 mm). 
and that the baseline between Westford 
arid the Texas station is shrinking by 8 mm 
a year (with an uncertainty of 1 mm). - 
The sense of these results, at least, is. 
consistent with what plate tectonics would 
precict; the contraction of the US base- 
line, for example, is thought to be a соп- 
sequence of compressional stress on the 
American plate at least in the region be- 
tween the Appalachians and the Rockies 
(see D. I. Gough et al. Nature 305, 
619-621; 1983). The fly in the ointment is 
the suggestion of seasonal errors in the 
baseline measurements, implying a need - 
for some refinement of the corrections for 
transmission through the ionosphere and 
atmosphere. The general interest now will: 
be to see how quickly the VLBI collabora- 
tion will be able to accumulate further 
data. Another year's observations should 
make all the difference. John Maddox... 















































































= Meteorites 





from Carl D. Murray 


Pr is easy to accept that. meteorites, those 
© occasional stones that. fall from the sky, 
are composed of asteriodal material that 
“has been delivered to the Earth. The pro- 
blem has always been to demonstrate 
how, subject to some severe observational 
» constraints, even a single fragment in an 
asteroid-type orbit can. eventually cross 
* the path of the Earth. On page 731 of this 
issue, Jack Wisdom of the Massachusetts 
Institute of Technology, guided by known 
locations of chaotic regions in the phase 
space at one particular place in the 
asteroid belt, describes a trajectory that 
can evolve from a fairly typical low- 
eccentricity orbit to the high eccentricity 
“necessary to achieve the elusive Earth- 
crossing orbit. 

< While there are suggestions of a lunar or 
;even martian origin for some of the 
.meteoritic material that has been ex- 
-amined, photometric analysis of most 
с meteorites strongly supports an asteroidal 
origin. Meteorites are typically thought to 
be fragments arising from a minor colli- 
ion between two asteroids. (The asteroid 
зен is continually evolving because of col- 
isions, which have average encounter 
velocities of 5 km s^"). The fragments, 
which will have slightly different orbital 
| parameters from their parent bodies, 
. eventually enter Earth-crossing orbits. 

+ Although the details of this final process 
are not known, we have some idea of how 
_ long it takes. Any fragment that was initi- 
ally buried more than a few metres inside 
its parent body. will have been shielded 
from the effects of cosmic rays up to the 
| moment of impact. From chemical studies 
of meteoritic samples, it has been possible 
te calculate for how long they have been 
exposed to cosmic rays and so when the 
collision which generated them occurred. 
ye exposure ages are generally around 
r years for the common stony meteor- 
Hes, putting severe time constraints on 
any delivery mechanism. 





be expected to act asa source for meteor- 
ites fall near the low-order orbital reson- 
ances of Jupiter. An asteroid occupying 
the 2/1 resonance. for example. orbits the 
sun in half the orbital period of Jupiter. 
Thus. over successive orbits the asteroid 
will experience a repeated and cumulative 
gravitational perturbation from Jupiter 
that could tend to remove it to a different 
отъ. Prominent gaps (Kirkwood gaps) in 


and Wisdom has already demonstrated’ 
<- how the 3/1 resonance can be cleared of 
asteroids. He showed the existence of a 
large chaotic region-of. the phase space 








Regions of the Solar System that might | 


{һе asteroid belt occur at such resonances © 





-Earthward bound from chaotic 
regions of the asteroid belt 


(defined by positions and velocities) in the 


| vicinity of the resonance. In such a chaotic 


region an asteroid could experience large 
and essentially random changes in its 
orbital parameters, with the final orbit 
being sensitively dependent on the initial 
conditions. The key point is that the equa- 
tions of motion are non-linear and the 
resulting deterministic chaos is now being 
recognized as a common feature of non- 
linear equations for certain sets of starting 
conditions. The most critical orbital par- 
ameter for the asteroid’s survival is its 
eccentricity. A value larger than about 0.3 
implies that it will cross Mars, Having 
shown how such eccentricities could be 
achieved in the chaotic zone, Wisdom 
invoked Mars as the final remover of 
material, whether by impact or scattering. 
It seemed natural, therefore, to use know- 
ledge of the locations of the chaotic reg- 
ions as a starting point in a search for 
regions that could produce Earth-crossing 
material. 

Ina paper presented to the Meteoritical 
Society last summer, George Wetherill of 
the Carnegie Institution in Washington 
DC, claimed that the observed influx of 
the ordinary chrondrite meteorites could 
be accounted for only by gravitationally 
accelerated material from a region in the 
vicinity of the 3/1 resonance’. Wisdom has 
now provided details of such a mechanism 
using the known locations of the chaotic 
regions as a basis for finding Earth- 
crossing trajectories. When he integrated 








different sets of starting conditions, at the ^ 

fifth attempt he found a trajectory which 
became Earth-crossing. The equations he 
integrated have sufficient degrees of free- 
dom for Arnol'd diffusion to occur — 
whereby an orbit, given enough time, can 
eventually ‘leak’ into different regions of 
the phase space’. (Arnol'd diffusion has 
yet to be identified in any Solar System 
integration since the timescales involved 
are almost certainly greater than the age 
of the Solar System.) Wisdom’s result is 
that the orbit evolves from low to high 
eccentricity within a few hundred thou- 
sand years, thereby satisfying the cosmic- 
ray exposure age constraint. The beauty 
of the mechanism is that it does not in- 
volve any complicated procedures that 
require more than one close approach to 


another planet. 
The 3/1 resonance does not have a 
monopoly on chaotic regions — the 


boundaries of all resonances are chaotic, 
the extent of the chaos depending of such 
factors as Jupiter's eccentricity and the 
strength of the resonance. In the past, 
celestial mechanicians have devoted much 
effort to the study of the prominent first- 
order resonances in the asteroid belt, try- 
ing to explain such features as the 2/1 
Hecuba gap and the 3/2 Hilda group of 
asteroids. It now seems that an under- 
standing of the dynamics of the innocuous 
3/1 resonance will provide answers to. 
some of the most fundamental problems 
of Solar System dynamics. BS 
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Avian ecology 


Mass mortality in Pacific seabirds 


from Jared M. Diamond 


Wuar ts the evolutionary importance of 
rare events? Does natural selection pro- 
ceed constantly, or are its effects concen- 
trated during episodes of widespread mor- 
tality? R. and E. A. Schreiber (Science 
225, 713; 1984) address this question for 
some of the world’s longest-lived verte- 
brates, victims of a recent catastrophe. 

El Niño Southern Oscillations (ENSOs) 
are recurrent, widespread climatic events 
involving major warming of the whole 
eastern tropical Pacific Ocean. The most 
recent ENSO, in 1982-83, was the most 
severe yet recorded. At the site of the 
Schreibers’ study — the low atoll of 
Christmas Island in the central Pacific 
—annual rainfall, normally 30 inches, 
reached 156 inches in the year beginning 


July 1982, including 16 inches in one day. 


Among the consequences were extensive: 
flooding of the island, a drop in oceanic . 
primary productivity of phytoplankton — 
dependent on cold surface waters, and 
hence depleted stocks of fish and squid 
ultimately dependent on that primary 
production. Eight million seabirds of the 
eighteen species that breed on Christmas 
Island feed on those fish and squid. 
Although most temperate zone song-birds 
breed in their second year, lay 3— 10 eggs 
and have life expectancies of a few years, 
tropical seabirds: typically have a single 
large egg with a long incubation time, long 
periods of juvenile dependency on par- 
ents, late onset of breeding and very long 
lives. Long-term studies of Christmas 
Island seabirds have revealed many de- 
tails of their leisurely life cycles. Some 
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species have lifespans of 50 — 70 years. 
more than the lifetime of the rings used to 
. tagthem. The tropic birds breed only after 
. the age of 5 years, live at least 35 years and 
"form permanent pairs. A young frigate 
- bird is fed for about one and a half years 
5 Бу its mother (the father leaves after 1 
= month; probably to nest with another 
female). Fledged sooty terns fly to sea, do 
not alight for 9 years (presumably sleeping 
in flight). then infallibly return to their 
natal island, where they court on the wing, 
finally alight to copulate, and lay the egg 
on the next day. 
From 1940 to June 1982, a period that 
included seven ENSOs, there was no re- 
::corded instance of total reproductive fail- 
ure for any seabird species at Christmas 
апа. During the Schreibers’ June 1982 
< Visit; just before the onset of the ENSO, 
seabird populations were still normal. But 
‘by November 1982 there was total repro- 
ductive failure for all species. At that time 
five species (including the two that are 
usually most abundant) were completely 
absent, while the remaining species were 
" represented by few adults, with no nests ог 
- else nests with dead, underweight or starv- 
; ing chicks. Nests in ground burrows were 
“flooded, many tree nests had been washed 
‘out and young in surviving nests starved. 
г. What happened to the millions of adult 
birds that should have been breeding then 
on Christmas Island? Did they, too, die, 
or did they simply go elsewhere until 
conditions improved? The Schreibers 
found almost no skeletons of adults on the 
,island, yet bird numbers were still. far 
"below normal in October 1983. It is 
| thought that 90 per cent of the breeding 
seabirds, including those present and 
attempting to breed in July 1982, died at 
_ sea from starvation. 
|," The low reproductive potential of tropi- 
_ cal seabirds suggests that it will be years 
before the breeding colonies of Christmas 











Meteorology 


Clouds and climate regulation 


from Richard C. J. Somerville 


Tue role of clouds in regulating climate is 
still largely a mystery, and the treatment 
of clouds in conventional climate models 
may be seriously inadequate. If cloud 
effects are as strong as some recent re- 
search suggests, considerable uncertainty 
must characterize the results of even the 
most advanced present-day models of cli- 
mate. Predictions of the climate changes 
resulting from burning fossil fuels, which 
-adds CO; to the atmosphere, for example, 
depend strongly on how clouds are mod- 
zelled; clouds may tend to amplify changes, 
-or-they may act as a giant global thermo- 
stat, helping to stabilize the climate. 
The potentially large influence of 
clouds on climate arises from their effects 
on the transfer through the atmosphere of 
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Frigate bird fishing — one species of seabird 
that breeds on Christmas Island (photo- 
graph courtesy of R. and E. A. Schreiber). 





Island have recovered to their former 
numbers. Thus, a large-scale natural ex- 
periment in fluctuating selection is under- 
way. Intraspecific competition will be re- 
laxed for a long time: how will this affect 
reproductive effort and individual varia- 
tion in morphology? Was the mortality in 
1982 indiscriminate and total, as presently 
assumed, or did a few of the fittest sur- 
vive? These long-lived birds must experi- 
ence many ‘normal’ ENSOs in their life- 
times, and a severe one every couple of 
generations; could there be features of the 
life histories of the birds that have arisen 
as adaptations to these rare events? The 
answers to these questions may emerge 
from the long-term studies on Christmas 
Island. M 
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both incoming solar and outgoing terrest- 
rial radiation. That clouds may dramati- 
cally affect surface temperature by both 
these mechanisms is a matter of everyday 
experience. Daytime maximum tempera- 
tures are substantially lower on cloudy 
days than on fair ones, and cloudless 
nights are cooler than overcast ones, other 
factors being equal. These commonplace 
examples illustrate the two major influ- 
ences of clouds on the planetary radia- 
tion budget: clouds can alter both the 
planetary albedo, or reflectivity, and 
the greenhouse effect, by helping to trap 
radiation which otherwise would be lost 
into space. 

The average albedo of our planet is 
about 30 per cent, so only 70 per cent of 


































incident solar radiation is actually avail 
able to power the climate system. Cloud 
ccver nearly half the surface of the Earth: 
but account for about two-thirds of the 
planetary albedo’. We do not know 
whether the albedo or cloud cover were. 
markedly different during. say. the last ice. 
age. In fact, we have no good explanation. 
of the present-day values of these funda 
mental climatic parameters. It is perhaps. 
even more disquieting that we сап. 
not reliably predict whether or how these 
parameters are likely to change over the: 
next century. as the concentration. of 
atmospheric CO». approaches- twice its. 
pre-industrial value. It has recently been 
estimated. for.example. that the tempera- 
ture increase due to the greenhouse effect 
produced by doubling CO. might be com 
pletely offset if the amount of low-altitude 
cloudiness were to. increase simultan- 
eously by 10 per cent’. This result emerge 
from a mathematical model ‘sensitivity 
study, essentially a calculation of the 
climatic response to an assumed change in 
cloudiness. 
The predicament of climate theorists is. 
that it is relatively easy to demonstrate 
that climate is potentially sensitive to` 
clouds — as in the example above — but 
very difficult to model clouds realistically. ^ 
Climate models incorporate powerful 
radiative transfer algorithms that could 
calculate atmospheric heating and cooling. 
extremely accurately. if only the distribu- 
tion of all the radiatively active consti 
tuents in the atmosphere were known 
precisely. Two of the most important 
such constituents. however. are water. 
vapour and cloud. both notoriously’ 
changeable and difficult to predict. Ideal- 
izec mathematical models have been de- 
veloped to simulate many of the physical 
mechanisms through which a change in 
climate might alter clouds, which can then : 
in turn feed back on climate change. 
thrcugh their radiative effects"; Not even. 
the most advanced of climate models, . 
however. simulate all aspects of the 
present-day global distribution of cloudi- 
ness well enough to inspire confidence in 
cloud forecasts for climates differing signi- 
ficantly from our present one". | 
Many sensitivity studies have shown: 
that.climate can be affected strongly by: 
changes in cloud height as well as changes: 
in cloud amount. Recent research: 
has raised the additional possibility that 
increased atmospheric pollution might 
alter cloud optical properties enough’ 
to influence the global albedo sub- 
stantially. Another mechanism which. 
might produce a similiar effect is the possi- 
ble dependence of cloud liquid water con- 
tent on temperature’. In the context of the 
CO» climate problem. both these pro- 
cesses are candidate cooling mechanisms 
that might at least partially compensate for 
the warming resulting from the enhanced 
greenhouse effect. The quantitive import- 
ance of these processes is still uncertain. 
but they illustrate the real possibility that 






















the effect оп climate of feedback from 
cloud radiation may be significant even in 
the absence of changes in cloud amount or 
height. 

One important reason for the frustra- 
tingly slow progress in this field has been 
the lack of adequate global cloud observa- 
tions. Satellite remote sensing has only 
recently begun to fulfill its considerable 
promise in this area". Parameters that 
can now be measured with useful preci- 
sion include cloud amounts, cloud 
heights, cloud-top temperatures and some 
optical properties of clouds. Earth radia- 
tion budget parameters, such as albedo 
and outgoing longwave radiation, are now 
also being monitored by satellites. 
Although no dramatic breakthroughs 
seem likely, these data will be invaluable 
in the gradual development and verifica- 
tion of improved climate models. 

(For those who are unwilling to wait a 
. century or so to learn whether СО» doub- 
ling will or will not have its predicted cli- 
“(matic consequences, there may be a 
| quicker payoff from research on cloud- 
radiation feedbacks. Numerical weather 
|» prediction models, on which routine 
operational meteorological forecasts are 
“based, have become so complex that they 
are now almost indistinguishable from 
comprehensive. climate models, but the 
conventional wisdom has long been that 
short-range atmospheric circulation fore- 
casts, for a day or so іп advance, are relat- 
‘ively insensitive to radiative processes. 
‘Indeed, such processes were until recently 
highly simplified or even entirely neglect- 
ed in the forecast models used by national 
weather services. As the duration of the 
predictions increases, however, such 
cavalier physical simplifications become 
less justifiable. There is now considerable 
evidence that a one-week forecast may 


enefit significantly from more realistic 








treatments of. cloud-radiation interac- 
поп", and improvements in modelling 
clouds and their effects are likely to in- 
crease gradually the competence of an 
already skilful enterprise. If research on 
modelling cloud effects can-lead to real 
improvements in one-week forecasts, the 
benefits to many weather-sensitive sectors 
of the economy should be substantial. 

It is climate theory rather than numer- 
ical weather prediction, however, that 
stands to gain the most from any real 
advances in our understanding of cloud- 
radiation feedbacks. It is already clear 
from sensitivity studies that cloud feed- 
backs could plausibly either double or 
halve the typical estimated surface temp- 
erature change resulting from increased 
concentrations of atmospheric CO;. But 
our present ignorance of these feedbacks 
is so great that we cannot even be certain 
whether the net effect of all the cloud 
processes is a positive or a negative feed- 
back. 0 
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Developmental neurobiology 


Laminin for axonal guidance? 


| from Joshua R. Sanes 


; INTERACTION of neuronal processes with 
thesurfaces on which they grow has been a 
“subject of increasing interest to develop- 
mental neurobiologists. /n vitro, it is clear 
that adhesion of growing processes, or 
neurites, to substrates is an important 
"determinant of neurite elongation' and 
"that material deposited by non-neural 
cells can promote and direct neurite ex- 
tension’. [п vivo, regenerating peripheral 
axons frequently. grow along basal 
laminae to reach and reinnervate their 
targets’. These two observations have now 
< been brought together in a satisfying way 
by the demonstration that laminin*’, a 
structural component of adult basal 
г laminae", is a major factor promoting 
2j neurite outgrowth that is secreted by 
‘cultured cells. 





In 1978, Collins? demonstrated that pro- 
teins secreted by heart cells promote 
neurite outgrowth in a way that disting- 
uishes them from soluble ‘trophic’ factors 
such as nerve growth factor (NGF): they 
bind to the culture dish and seem to act by 
increasing the adhesion of neurite to sub- 
strate. Many cell types have since been 
shown to secrete such material’ and efforts 
are now being made to characterize the 
responsible factor. These have proceeded 
along two lines. First, the outgrowth- 
promoting activities have been purified 
from medium conditioned by non-neural 
cells, using neurite outgrowth as an assay. 
Second, based on the finding that many 
proteins secreted in vitro are components 
of extracellular matrices in vivo, the 
effects of purified extracellular matrix 











molecules on neurite outgrowth have 
been assessed and compared to those of 
outgrowth-promoting factors. Although 
several such molecules turn out to be 
effective substrates for neurite outgrowth, 
most attention has focussed on laminin, a 
glycoprotein that is present in virtually all 
basal laminae and that had already been 
shown to promote attachment of epithel- 
ial cells to collagenous substrates’. When 
tested for neurite outgrowth-promoting 
activity, laminin seemed to be the most 
effective of the molecules examined, to 
affect the widest variety of neuronal types 
and to be remarkably similar in its effects 
to the outgrowth-promoting factors sec- 
reted by cultured cells". 

As these results accumulated, it became 
logical to suppose that the secreted out- 
growth-promoting activity might actually 
be laminin, but two observations suggest- 
ed that it was not. First, antisera to 
laminin that blocked neurite outgrowth on 
laminin-coated dishes did not inhibit out-. 
growth on substrates coated with con- 
ditioned medium*"". Second, Lander et 


al. found that the factor from conditioned 


medium contains a heparan sulphate 
proteoglycan, although they appreciated 
that the proteoglycan was not necessarily 
the molecule that the axons recognized". 
The parallels between laminin and this 
factor were, however, sufficiently striking 
to be pursued, and now Lander et al.* and 
Davis et al.’ have obtained new evidence 


indicating that laminin is indeed respons- ` 
ible for the outgrowth-promoting activity 


in a variety of conditioned media. Lam- ' 
inin co-purifies with the outgrowth- . 
promoting activity through several frac- _ 
tionation steps; it is a major component 
of the purest factor obtained; anti | 
serum to laminin precipitates outgrowth- 
promoting activity from conditioned 
medium; and sufficient laminin is present 
in conditioned medium tọ account (ог 
outgrowth-promoting activity. The lam- 
inin is likely to be complexed with the - 
heparan sulphate proteoglycan previously 

described", because anti-laminin precipi- 

tates both molecules from medium. 

Furthermore, while heparan sulphate 

proteoglycan alone does not stimulate 

neurite outgrowth’, a monoclonal anti- 

body that blocks the outgrowth-promot- 

ing activity of conditioned medium” 

recognizes a complex of laminin with 

proteoglycan (W. Matthew, personal 

communication). 

The failure of anti-laminin to block the 
activity of the complex remains unex- 
plained and provocative. The laminin 
molecules in the complex may differ in 
their primary structure, glycosylation or 
conformation from the laminin used to 
generate the serum, or the active site of 
the complexed laminin might be inacces- 
sible to antibody: It seems odd that the 
active site of the laminin could be acces- 
sible to an axon but inaccessible to an anti- ` 
body; one interesting possibility is that 
heparan sulphate on a neuronal тет- 
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brane could displace heparan sulphate in 
the complex, giving the axon special 
access to an active site. In any event, these 
results argue for caution in interpreting 
experiments designed to identify active 
molecules by immunological blockade. 
The findings that laminin promotes 
neurite outgrowth and is a major compo- 
nent of the outgrowth-promoting factor 
secreted by several types of cells have sev- 
eral implications for research on axonal 
growth and guidance. First, neurites can 
be predicted to bear laminin-receptors on 
their membranes, so it becomes important 
to identify and characterize these mole- 
cules. Second, we will want to learn if and 
where laminin guides neurite outgrowth 
in vivo. Although the immunochemical 
difficulties I have already discussed may 
render interpretation of antibody-block- 
ing experiments difficult, it should be pos- 
sible to learn how far outgrowth on basal 
laminae depends on laminin as opposed to 
other extracellular matrix molecules such 
as fibronectin and collagen, which also 
promote neurite outgrowth in vitro??? 
Since in the embryo central axons grow 
along basal laminae to reach their tar- 
gets", guidance by laminin may be rele- 
vant to the growth of central as well as 
peripheral axons. Finally, the clinically 
disastrous failure of mammalian central 
axons to regenerate following injury is 
now suspected to be caused, at least in 
part, by a deficiency in their environment, 


because they can grow long distances 
through grafts of peripheral nerve seg- 
ments rich in basal lamina". Intriguingly, 
fish optic nerves, which have an unusual 
ability to regenerate, have very recently 
been found to accumulate high levels of 
laminin after injury" Could laminin be 
one of the factors whose absence impedes 
regeneration in our brains and spinal 
cords? Г] 
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Astrophysics 


Optical bursts — where are they? 


from K. Hurley 


Desrrre their brevity, and sometimes be- 
cause of it, transient events are often the 
most spectacular in astrophysics. Gamma- 
ray bursters', now widely believed to 
occur on or about neutron stars, are one 
example; typically they produce a blast of 
radiation lasting several seconds and with 
a peak luminosity of atleast nine orders of 
magnitude over the quiescent state, in 
which they are quite undetectable. Tran- 
sient phenomena in the optical waveband, 
apparently associated with some 
bursters? have also been detected but, 
until recently, only on archival photo- 
graphic plates. Therefore, they were not 
time-resolved. Now that continuous 
monitoring of optical bursts is being 
undertaken, the evidence indicates that 
they have light curves which strongly re- 
semble their progenitor gamma bursts, 
and a clever argument has been advanced 
which uses this fact to constrain the still 
unknown distances to bursters. 

Our present understanding of the 
gamma-burst phenomenon is still quite in- 
complete. It 1s much easier to list the ob- 
jects with which gamma bursters are not 
associated, such as steady X-ray and y-ray 
sources, than it is to identify convincingly 


any quiescent counterpart to them. This 
has proven to be perhaps the major 
obstacle to progress, as it leaves the dis- 
tance to the source uncertain by four 
orders of magnitude. So, although a 
wealth of circumstantial evidence points 
to strongly magnetized neutron stars as 
burst sources in at least some cases, the 
question of the type of stellar system — if 
any — in which the neutron star resides 
has still not been answered. 

Perhaps nowhere has the problem been 
so acute as with the fascinating burster of 
5 March 1979: not only was its peak 
intensity (at Earth) the largest recorded 
for a gamma burst, but also its localization 
coincides with the N49 supernova rem- 
nant in the Large Magellanic Cloud 
(LMC), at a distance of 55 kiloparsecs. A 
straightforward interpretation would be 
that the burst originated on the neutron 
star which produced the remnant. But a 
number of objections can be raised to this 
idea, not least that, if the source radiated 
isotropically from the LMC, then for a 
brief instant it outshone (in y-rays alone) 
the entire luminous output of our Galaxy. 
A tantalizing new piece of evidence was 
announced last summer at a meeting at 








Stanford University and subsequently in 
Nature’ During a five-month period of 
optical monitoring of the 5 March source, 
three optical bursts were detected and 
clearly time-resolved. Their light curves 
generally resembled the time histories of 
gamma bursts, although no simultaneous 
y-ray activity was noted at the times of the 
optical bursts (the instruments in orbit at 
the time were probably not sensitive 
enough to record it). Thus, the relation 
between the 5 March gamma bursts and 
the optical bursts remains tentative. How- 
ever, as R. London of Lawrence Liver- 
more Laboratory was quick to point out, if 
the two bursts are associated, the distance 
to the source 1s strongly constrained, an 
idea later confirmed by J.-M. Hameury, J. 
P. Lasota and S. Bonnazola of Meudon 
Observatory. 

The argument is that if the optical 
radiation is due to a thermal mechanism 
(for example, reprocessing of gamma 
radiation? in an accretion disk or in the 
atmosphere of a stellar companion), the 
luminosity of the mechanism cannot ex- 
ceed that of black-body radiation. Then, 
since the dimension of the optical source 
cannot exceed ct, where c 1s the speed of 
light and t is the rise time of the optical 
flash, a relation is obtained between the 
maximum distance to the source and its 
temperature. That temperature turns out 
to be at least several million electron volts 
for a source in the LMC. In general, it is 
difficult to construct thermal models with 
these temperatures and furthermore, the 
5 March burster has never been observed 
to emit at these energies. The conclusion 
is that its source is much nearer than the 
LMC. In arriving at this conclusion, a 
number of special models for the optical 
radiation have to be excluded: coherent 
emission, sources in relativistic expan- 
sion, beaming and special geometries that 
appear to violate causality. 

In addition to providing distance con- 
straints, time-resolved optical flashes may 
do for y-ray bursters what they did for X- 
ray bursters’, that is, allow an estimate of 
the dimension of the reprocessing region 
(via both the rise time and the duration of 
the flash). In the 5 March case, for 
example, a reprocessing region with a 
typical dimension of 30,000 km is indicat- 
ed, ruling out reprocessing in the atmo- 
sphere of a non-degenerate stellar com- 
panion and suggesting the possibility of an 
accretion disk. 

But what of the tentative nature of the 
association between optical flashes and 
gamma bursts? There has never been any 
simultaneous observation of the two, and 
since optical instruments tend to be many 
orders of magnitude more sensitive (as 
energy-flux detectors) than y-ray burst 
instruments, for the time being only opti- 
cal flashes associated with the largest 
(relatively infrequent) gamma bursts can 
be expected to give rise to coincident 
detections. Simultaneous direct imaging 
and photometry of an optical flash should 
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soon be possible with a unique system now | detected per year (not to mention a host 


being deployed at the European Southern 
Observatory. The experiment, being con- 
ducted by H. Pedersen, consists of a bat- 
tery of small automated telescopes each 
trained on the position of a particular y- 
ray burst source. 

Much of the uncertainty surrounding 
optical flashes comes from the possibility 
that they are generated rather closer to 
home, for example by meteors in the 
upper atmosphere. The use of two detec- 
tion systems separated by even one kilo- 
metre eliminates these effects by parallax. 
Such a study was recently undertaken on 
an intercontinental baseline" and another 
two-telescope proposal is under consid- 
eration by the European Southern Obser- 
vatory. On top of this, a novel electronic 
camera array being installed at Kitt Peak 
National Observatory’ ", will eventually 
provide permanent night-time mon-itor- 
ing of much of the sky for optical tran- 
sients down to magnitude 11, with source 
localization at the arc-second level. It is 
expected that some twenty optical flashes 
associated with gamma bursts will be 





of other short-timescale astronomical 
events), dramatically increasing the prob- 
ability of a simultaneous optica! and 
gamma-ray detection. This set up will also 
greatly increase accuracy of localization, 
in the wake of which may come both the 
long-awaited identification of the counter- 
part and the answer to the question of the 
distance scale. 
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Laser physics 


Trapping cooled sodium atoms 


from B. W. Petley 


ЅРЕСТКОЅСОРІЅТЅ have long dreamed of 
being able to make measurements on 
atoms or ions which are essentially at rest, 
and even on single atoms in that condi- 
tion. For if they could do so, the study of 
fine detail of atomic transistions would no 
longer be impeded by the broadening of 
spectral lines as a consequence of the 
Doppler effect, or by the fact that, in work 
with beams of atoms and ions, the accur- 
acy of observations is limited by the time 
spent by individual atoms and molecules 
within the action region of the apparatus. 
One practical consequence could be the 
further refinement of the accuracy of 
atomic frequency standards. 

With the recent publication of tech- 
niques for using lasers to ‘cool’ atoms, or 
to rob them of translational velocity, and 
with the availability of electromagnetic 
traps for small numbers of atoms, the 
dream seemed about to come true. Now, 
Alan L. Migdall, John V. Prodan and Bill 
D. Phillips of the Gaithersburg laborator- 
ies of the National Bureau of Standards, 
together with Thomas H. Bergeman and 
Harold J. Metcalf of the State University 
of New York, Stony Brook, have reported 
the trapping of laser-cooled sodium 
atoms. The results were presented at the 
spring meeting of the American Physical 
Society on 24 April 1985 and have just 
been published (Phys. Rev. Lett. 54, 2596; 
1985). Other groups are rumoured to be 
close to success as well. Thus, Metcalf (see 
opposite) reports that A. Ashkin and his 
colleagues have extended their laser trap- 








ping techniques from 10 mm oil droplets 
to sodium atoms. We can expect a lively 
conference season ın the months ahead. 

The first-order Doppler effect, which is 
proportional to v/c for individual atoms 
and for a source in thermal equilibrium, 
usually results in a broadening of spectral 
lines by a few GHz (or about 0.1 cm"). 
The use of tuneable dye lasers in conjunc- 
tion with atomic and ion beams has for 
some time made it possible to observe 
only those atoms that are travelling per- 
pendicular to the line of sight, which for 
practical purposes removes the first-order 
Doppler broadening. For many purposes, 
however, the second-order (relativistic) 
effect, proportional to (v/c)’, remains an 
impediment to accurate measurements. 

The laser cooling techniques recently 
reported follow earlier suggestions by 
Letokhov and others in Moscow, by 
Schawlow and Hansch at Stanford and by 
Wineland and Dehmelt. A beam of atoms 
is decelerated by absorbing a counter- 
propagating beam of laser light. The 
objective is to cool such beams to milli- 
Kelvin (mK) temperatures. The trade-off 
with laser cooling is that, as atoms are 
slowed by absorbing N counter-propagat- 
ing photons in the beam direction, they 
are heated in the transverse direction by 
the isotropically re-emitted photons as 
N”, which may amount to 50 mK for 
20,000 photons. As the atoms have an 
energy spread, it 15 convenient to express 
this as a ‘temperature’. 

Although laser cooling had already 
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been demonstrated by groups in Moscow, 
Washington and elsewhere, optical pump- 
ing effects, which deplete the proportion 
of the atoms in the state absorbing 
the counter-propagating radiation, had 
hindered the achievement of the desired 
mK temperatures. Each time, for 
example, that a sodium atom absorbs a 
589 nm photon its velocity 15 slowed by 
about3 cm s^, but optical pumping effects 
and Doppler shifts that occur after the 
absorption and isotropic re-emission of 
about a hundred photons, limit the veloc- 
ity reduction to about 3 m s™', which is a 
long way short of the reduction by about 
600 m s^! required to bring the atoms to 
rest. А 

By overcoming these optical pumping 
effects, two groups have successfully 
cooled atoms to mK temperatures. Both 
used sodium atoms, whose 589-nm transi- 
tion is so conveniently accessible with the 
rhodamine-6G laser dye, and both used 
the same transition (Fig. 1) using the indi- 
cated o* line to slow the atoms. Diverging 
beams of atoms were cooled by a counter- 
propagating laser beam which converged 
at the same angle (3 mrad) onto the 
source. For this transition, the optical 
pumping effect results from the decay 
from an upper level into the F=1 ground 
state. In addition to avoiding populating 
such levels, the frequency of the incident 
radiation must also track the changing 
Doppler shift during the absorption of the 
20,000 or so photons required to bring the 
atom to rest. Where the two groups differ 
is that one changed the frequency of the 
laser and the other the frequency of the 
atomic transition as the atoms are slowed. 

W. Ertmer et al. (Phys. Rev. Lett. 54, 
996; 1985) swept the laser frequency using 
an acousto-electro-optic travelling wave 
modulator and added a further weak 
modulation 1,772 mHz side-band to pump 
any atoms which reach the 3S(F=1) state 
back up to the 3S(F=2) state. This pro- 
duces a pulse of cooled atoms. On the 
other hand, J. Prodan et al. (Phys. Rev. 
Lett. 54, 992; 1985) tuned the transition 
frequency by passing the atomic beam 
through the magnetic field produced by a 
tapered solenoid. The magnetic field and 
light polarization exploited the Zeeman 
effect to avoid the optical pumping. De- 
celeration was a two-stage process; the 
atoms were slowed to a low velocity in the 
solenoid and then drifted a further 0.4 m 
into the observation region where they 
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Pd Transitions involved in the laser cooling 
of “Na atoms by Ertmer etal., Migdall et al. and 
Prodan et al. (not to scale). 
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received a further 0.1 to 0.4 ms pulse of 
cooling laser radiation. The method pro- 
duces position-dependent cooling. With a 
strongly saturated transition, the atoms 
will spend about a half of their time in the 
upper energy state, radiating'at a rate 
governed by their natural lifetime of about 
16 ns Thus their maximum deceleration 
would be about 10° m s”, which means 
that a sodium beam could be stopped in 
about 1 ms, after travelling a distance of 
about 0.5 m. The deceleration achieved by 
Prodan et al. was about half maximum. 
The temperatures of the cooled atoms 
were monitored by the fluorescence pro- 
duced by a weak laser beam crossing the 
atomic beam at a convenient angle. 
Ertmer et al. estimate that some 10° atoms 
per ml could be cooled to a velocity distri- 
bution whose width corresponds to a tem- 
perature of 50 mK (25 MHz half-width). 
The corresponding velocity spread ob- 
tained by Prodan et al. was equivalent to 
about 100 mK with a density of about 10° 
atoms per ml. For their subsequent suc- 
cessful trapping of some of their cooled 
atoms, Prodan and his colleagues used a 
trap comprised of two opposed coils 
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(reminiscent of an opposed Helmholtz 
pair); the downstream coil is energized 
once the atoms have drifted into the trap. 
The coils produce a field gradient of about 
1 T m', which reflects and traps atoms 
with an axial temperature of below 17 mK. 
The upstream coil provides a gradient 
field which is used in the final stage of laser 
coding once the atoms have entered the 
trapping region. The atoms then spread 
out to fill the 20 ml volume of the trap and 
some 10' atoms are trapped for about 
0.83 s (the decay time). The next stage will 
be to attempt to use optical trappings to 
cool the atoms even further so that they 
are sufficiently at rest to dispense with 
the trap. Meantime many ани 
experiments аге іп prospect. 


Atomic frequency standards 

To appreciate the possibilities of the new 
technique one has only to consider a paper 
of J. J. Bollinger et al. (Phys. Rev. Lett. 
54, 1000; 1985) in which the successful 
operation of an atomic frequency stand- 
ard based on laser cooled ions is reported. 
Bollinger et al. trapped °Ве* ions in a 
Penning trap, whereby the ions were con- 





Optically trapped oil droplets 


In a recent article in Physical Review Let- 
ters', A. Ashkin and J. Dziedzic of AT&T 
Bell Laboratories report the first stable 


trapping and manipulation ‘of single mini- . 


scule oil droplets using only the forces 
derived from the pressure of laser light. 
Although the force exerted by light on any 
object is normally so tiny that it is not of 
importance, the special circumstances con- 
trived by the experimenters make it the 
dominant force. The techniques have a 
wide range of potential applications. 

The new aspect of the work derives from 
the fact that the light beams are alternating 
rather than constant. Recent interest in 
optical trapping of free neutral atoms has 
produced an optical Earnshaw theorem’ 
showing that steady radiation pressure 
traps cannot produce stable confinement, 
just as in the case of steady electrical fields 
and charged particles. However, just as 
ion traps can work very well with aiternat- 
ing fields, optical traps can work very well 
with alternating beams. Using an arrange- 
ment of mirrors and shutters to produce 

"the appropriate beams, Ashkin and 
Dziedzic have confined ‘and manipulated 
oil droplets of only 0.001 cm diameter for 
up to five hours. This was accomplished in 
the air, at atmospheric pressure, with no 
physical contact with the drop and no 
observable deterioration by heating. 

' -Arthur Ashkin has been thinking about 
particle and atom trapping for a long time. 
In 1970, in his first paper on the subject’, 


he laid out the fundamental principles and - 


suggested a number of applications. The 
attractive features of his technique for 
manipulating micron sized particles part- 
icles are the lack of physical contact, com- 





plete control over motion and the lack of 
heating or disturbance by radiometric 
forces. The earliest experiments suggested 
the possibility of separation of particles by 
sizeor composition, as well as showing how 
to transport, levitate and handle them. 
Later in that same year, Ashkin described 
the possible application of these ideas to 
free neutral atoms’, a subject of much int- 
erest in recent years (reviewed in ref. 5). 

Ashkin and colleagues have also suc- 
ceeded in detaining free sodium atoms in a 
configuration of laser beams that produces 
viscous optical forces (S. Chu, personal 
communication). Our own group has rec- 
ently accomplished the first real trapping 
of neutral atoms by confining laser-cooled 
sodium in a magnetic trap for more than 1 s 
(see accompanying article’). 

Whereas it is clear that a new field of 
applied physics, inyolving the optical man- 
ipulation of free neutral atoms, micron size 
particles and other tiny objects, is being 
born, we cannot yet foresee the complete 
range of its applications. They will include 
materials processing, information storage, 
precision atomic spectroscopy, studies in 
classical mechanics and chaos, isotope sep- 
aration, control of chemical reactions and 
manipulation of single cells or even macro- 
molecules. Surely there will be many 
others. Harold.Metcalf 
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Fig. 2 The Zeeman splitting in a magnetic field, 
and the hyperfine structure of ?Be* showing 
the transition used for laser cooling by 
Bollinger etal (not to scale) 








fined axially by a hyperbolic electrostatic 
potential distribution, and radially by the 
combined action of the electrostatic and 
magnetic fields. The ion motion com- 
prised the -cyclotron motion about the 
magnetic flux axis and the circular (Ех B) 
drift (or magnetron motion) each in the 
radial plane, together with the axial 
motion. Each may have a temperature 
associated with it. In the experiment des- 
cribed, the cyclotron and axial tempera- 
tures were less than 100 mK and the mag- 
netron témperature less than 2 K (with the 
cooling laser on continuously). Some 
2,000 ions were confined for many hours 
in the trap, with ion cloud diameters of 0.3 
to 0.5 mm. The laser radiation was dir- 
ected along the axis of the field and tuned 
to be slightly on the low frequency side of 
the absorption. The radiation not only 
cooled the axial motion but also coupled 
with the magnetron motion, and so could 
be used to compress (cool) the ion orbit. 

Bollinger et al. report a measurement of 
the hyperfine ground-state transition fre- 
quency v,, at its magnetic-field independ- 
ent point (0.8149 T), of 303 MHz with an 
estimated standard deviation uncertainty 
of only 57 uHz (see Fig. 2). The experi- 
ment involved triple resonance, requiring 
first, 20 uW of 313 nm radiation to excite 
the 2S-2P optical transition; next 23.9 
GHz microwaves to excite the indicated 
electron spin-flip transition; and finally, 
radio-frequency radiation to excite the 
transition v,. The last was provided by a 
frequency synthesizer which was refer- 
eaced to a hydrogen maser. The micro- 
wave radiation served to make the rate of 
excitation of the optical transition (and 
hence the observed fluorescence) sensi- 
tive to the upper level of the state pumped 
by the v, line. 

To excite and interrogate the v, transi- 
tion, a 0.5-2 s pulse of 303 MHz radiation 
was followed by a second 303 MHz pulse, 
10 or 19 s later. This leads to a resonance 
some 25 mHz wide. It was only necessary 
to change the radiofrequency by millihertz 
steps over a 0.1 Hz range in order to scan 
the resonance The optical and microwave 
signals were applied for 3 s before the first 
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pulse and after the second pulse, serving 
as state-preparation and state-sensing 
pulses, respectively. 

Despite the cooling, the second-order 
Doppler-shift correction —107 uHz was 
still important. It arose from the heating 
of the топ cyclotron and axial motions to 
about 3 K during the 10 to 19 s that the 
laser was switched off and is probably due 
to small imperfections 1n the construction 
of the trap. It was also necessary to apply a 
correction of about —6.1 wHz to allow for 
the rotation of the earth (and ion trap) 
around the ion cloud. 

The same team has gone on to use their 
apparatus to set 300-fold lower limits on 
the spatial anisotrophy of inertia by 
performing a Hughes-Drever type of 
measurement (Prestage, J. D. et al. Phys. 
Rev. Lett. 54, 2387; 1985). Their sensitiv- 
ity was better than 50 uHz to changes in 
the orientation of their 'Be* ions with res- 
pect to the Sun and Galaxy (see Gallop, J 
C. & Petley, B. W. Nature 303, 53; 1983). 
Various groups have explored certain 
clock transitions п "Ва", "Yb*, Нр", 
Нр" and other 10ns, to the limits set by 
commercial caesium beam standards, by 
using different methods to cool the ions. 

Other spectacular measurements with 
ion traps have been reported. Thus, the 
fluorescence signal from a single trapped 
ion has been seen (Neuhauser, R. et al. 
Phys Rev 22, 1137; 1980) and, recently, 
Gabrielese, G. et al. (Phys. Rev. Lett. 54, 
537; 1985) reported an investigation of 
relativistic hysteresis effects in the cyclo- 
tron motion of a single electron that was 
trapped continuously over a period of ten 
months. In addition, the Dehmelt and 
Van Dycke group at Seattle, and others at 
Mainz and elsewhere, have made high 
precision measurements of the electron 
magnetic moment anomaly and the ratio 
of proton mass to electron mass. 

There is no lack of narrow optical lines 
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that could be studied with trapped ions, 
but all have drawbacks and there are for- 
midable experimental difficulties to be 
overcome. Thus,Q values in excess of 10" 
are anticipated for the 'P, —'S, transition in 
TI^, АГ or ба* as well as in the D<-P<-S 
Raman transition in Ва“, the S-—D two- 
photon transition in Hg* or the ‘Py Pn 
transition in Pb’. Similarly, many high-Q 
transitions will be explored with trapped 
atoms — the 1828 transition in atomic 
hydrogen will be of particular interest. By 
contrast, the Q value of the current 
caesium frequency standards is in the 
region of 10’, 

In the shorter term, the highest accurac- 
ies will be achieved on the measurements 
of fine and hyperfine structure transitions 
that hes at convenient radio and micro- 
wave frequencies. For the higher fre- 
quencies, the dye-laser technology must 
be improved to give wider frequency 
coverage and to use narrower line-widths. 
Also frequency multiplication into the vis- 
ible region and beyond will have to be 
simplified and increased in accuracy. 

As the techniques advance, we can 
expect to gain improved knowledge of 
atomic and ionic phenomena. One can 
even contemplate experiments involving 
new levels of sophistication and accuracy, 
such as parity conservation, gravitational 
interactions with atomic energy levels, 
Hughes-Drever type measurements, 
measurements of the properties of fun- 
damental particles and, some day, the 
15-925 transition ın  anti-hydrogen. 
Moreover, we can expect greatly im- 
proved devices that will benefit tech- 
nology as well as science — better fre- 
quency standards will almost certainly be 
one of the first gains. ^. = 





B. W. Petley is in the Division of Quantum 
Metrology, National Physical Laboratory, 
Teddington, Middlesex TW11 OLW, UK. 





Archaeology 


Man as part of the ecosystem 


from Henry Cleere 


Sır Mortimer Wheeler once described 
archaeology as a "humanistic science", 
and in that phrase he neatly encapsulated 
the confused, almost schizophrenic, view 
the discipline has of itself — a view, 
moreover, that is shared by those outside 
the field. Officially, the matter was re- 
solved more than thirty years ago: govern- 
ment support to the Council for British 
Archaeology is paid through the British 
Academy rather than the Royal Society or 
one of the science research councils. 
Whether or not archaeology can lay 
claim to be a science by virtue of its meth- 
odology remains a subject for debate, 
although it is undeniable that science now 
has an expanding role to play in archae- 
ology. Of course, this 1s no recent phe- 





nomenon: physical and biological sciences 
have contributed to the interpretation of 
archaeological data for many years. Accu- 
rate dating of archaeological material 
since 1945 has used techniques such as 
radiocarbon analysis, thermoluminesc- 
ence and dendrochronology. The prov- 
enancing of stone, ceramic and metal arte- 
facts has been improved immeasurably by 
advances such as neutron activation analy- 
sis, atomic absorption spectroscopy, 
electron-probe microanalysis and scan- 
ning electron microscopy, recently re- 
viewed in ref. 1. 

This, however, is science coming to the 
aid of archaeology in its more traditional 
guise — the classification and interpreta- 
tion of human artefacts. Over the past 








three decades there has been a significant 
change in archaeologists’ perceptions of 
the range of materials available to them in 
their work. In modern excavations it is no 
longer enough to retrieve and examine 
artefacts and structures that are the result 
of direct human intervention: man 1s now 
seen as a component of an ecosystem, 
reacting with that ecosystem as it evolves 
over time and often profoundly and per- 
manently modifying it to his own advan- 
tage. For the excavator it 1s essential to 
retrieve а wide spectrum of non- 
artefactual material from ancient contexts 
to recreate the environment of a site or of 
a region. This can help us to clarify the 
extent to which the environment has influ- 
enced the socio-economic development of 
a human community and how far man has 
wrought changes on that environment. 

The new sub-discipline of ‘environmen- 
tal archaeology’ is eclectic in the materials 
that form its basis. Plant remains may be 
macroscopic (from tree trunks to seeds) or 
microscopic (fossil pollen, phytoliths and 
diatoms). The presence or absence of pol- 
lens from the weeds of cultivation in the 
pollen diagram from a site can provide 
socio-economic information about a hu- 
man community that artefactual assemb- 
lages may merely hint at or not represent 
at all. Palaeozoology embraces mamma- 
lian (and human) remains, fish and bird 
bones, insects of all kinds and molluscs, 
particularly land snails. Certain species of 
insects and land snails are highly stenoto- 
pic (adapted to a narrow range of habitats) 
and so their identification in an assemb- 
lage from an excavation can supply much 
specific information about a site and its 
environment. The correct identification of 
soils and sediments on and around early 
settlements provides important climatic 
and geomorphological date that can be 
crucial to the interpretation of a site and 
its community. 

Several general studies on environmen- 
tal archaeology have recently been pub- 
lished"". Some excavations have been car- 
ried out with the recovery of environmen- 
tal data as a primary research objective: 
for example, half of the report’ on excava- 
tions at Farmoor, near Oxford, is con- 
cerned with the analysis and interpreta- 
tion of environmental material. New tech- 
niques, such as froth flotation, have been 
developed to allow recovery of more com- 
plete and representative samples of bio- 
logical material; the wealth of material has 
necessitated new analytical methods’ 

The potential of environmental archae- 
ology in enhancing the understanding of 
past societies is immense. However, that 
potential in Britain could not have been 
realized without the encouragement and 
financial assistance of the Ancient Monu- 
ments Laboratory of the Historic Build- 
ings and Monuments Commission for En- 
gland (formerly of the Department of the 
Environment), as part of its ‘rescue’ 
archaeology programme. An indication of 
the importance of that support is provided 
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by a recent government report" which 
contains a “retrospective/prospective re- 
view" of the environméntal archaeology 
of three regions (East Anglia, south-west 
England and northern England) and one 
historic town (York) that has been re- 
vealed by work sponsored by the labora- 
tory over the past decade. These are the 
first regional overviews of past environ- 
ments (as opposed to reports on the en- 
vironments of specific sites) have been 
prepared. Although the reports stress 
problems resulting from lack of data, the 
information that has been assembled has 
produced several syntheses with pro- 
found implications for archaeology For 
example, precise information on forest 
clearance and farming systems is emerging 
which, together with the results of aerial 
and ground surveys, radically changes the 
accepted view of the extent and nature 
of prehistoric and Roman settlements 
Analysis of animal bone assemblages 1s 
throwing new light on dietary habits, ani- 
mal husbandry and butchery practices. 
Analysis of large assemblages of human 
skeletal material, especially from urban 
cemeteries, is producing much invaluable 
—-and often unexpected — palaeodemog- 
raphic and palaeopathological data, which 
can be related directly to conventional 
archaeological data 

Whereas the enormous potential of еп- 
vironmental archaeology is clear, the 
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government report also emphasizes the 
1nadequacy of funds to more than nibble 
at the edges of the subject, the material for 
which is becoming more voluminous with 
every excavation. Nevertheless, the re- 
port 15 a well-documented exposition of 
the value of treating human communities 
as components of a complex ecosystem 
rather than as isolated phenomena that do 
not interact with their environments This 
is where the future lies for archaeology: let 
us hope that this will be realized by those 
who can make that future a reality. О 
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Aggregation 


Models of the sol — gel transition 


from George Hentschel 


Anysopy who has seen a cold soup turn 
into jelly has witnessed a sol-gel transi- 
tion. This is caused by the branching reac- 
tions that occur in the polymerization of 
polyfunctional monomers in a solvent. 
The gel point separates a sol phase, con- 
sisting of a distribution of growing but 
finite clusters in the liquid medium, from a 
gel phase where a macroscopically large 
branched network spans the system with 
fluid in its interstices. Yet, even today, it is 
not known whether monomer diffusion 
allows some reaction sites on the surface 
of a growing cluster, or whether one can 
treat all possible growth sites on an equal 
basis. A new kinetic-growth model, intro- 
duced by P. Meakin and Y. Termonia 
(Phys Rev. Lett. 54, 1083; 1985), now 
tackles possible diffusion-limited selec- 
tion by combining aspects of both dif- 
fusion-limited aggregation (DLA) and the 
phenomenon of percolation. This is also 
critical because the dynamics of a fluid 
moving through a porous medium will 
cease to be determined by hydrodynamics 
when porosity is sufficiently ramified. 
The model is a modification of the kine- 
tic growth model of Z. Alexandrowicz for 
percolation clusters (Phys. Lett 80A, 284: 
1980). Place a monomer at the centre S, of 


a hypercubic lattice with coordination 
number f. Choose a probability P which 
represents the average fraction of new 
monomers joining the cluster per unit 
time At time t=1, random variables z, 
equally distributed in the interval [0,1] are 
chosen for each nearest-neighbour site of 
S,. If z «P, а new monomer is placed at 
the site, whereas if z>P, the site 15 
blocked for all times. This creates a set of 
new monomers $ . In the original model of 
Alexandrowicz, for all times 22 the 
algorithm described above 15 repeated for 
each new set of branch tips created at the 
previous step and not blocked. This 1den- 
tifies the sets S,, 5,,...,5, of new monomers 
which join the growing cluster at each unit 
interval until for Р<Р, a point is reached 
where no new branch tips are created, as 
all possible growth sites are blocked. For 
P>P., the growth does not stop and а 
macroscopic cluster will span the lattice. 
The novelty in the model of Meakin and 
Termonia is their contention that growth 
sites are not all created equal. Asin DLA, 
the probability P, for a branch tip on the 
surface to react with a monomer is larger 
than for one embedded in the cluster: 
monomers have to diffuse into the bulk to 
reach such a growth site and are likely to 











have reacted before they can do so. To 
estimate the P, for each new branch tip in 
this model, a large number of random 
walks from each vacant site 1s simulated 
and the fraction that escapes from the 
aggregate gives the relative probability of 
& monomer reaching that site. To find the 
absolute probabilities P, these relative 
probabilities have to be normalized so that 
an average fraction P is likely to be incor- 
porated into the cluster at each step of the 
growth Once the P, have been estimated, 
each possible growth site 1s occupied or 
blocked by a new monomer according to 
whether a random number z, chosen from 
the equal distribution [0,1] is less than or 
greater than Р,. As in the case of percola- 
tion, a gel-like transition takes place at 
some critical rate of incorporation of 
monomers, P.. The clusters are fractals 
with a fractal dimension which is that 
neither of DLA nor of percolation but, 
rather, more tenuous. 

To see this model in the context of 
previous attempts to understand the gel 
point, note that diffusion has usually 
been neglected completely, and the rate- 
determining step assumed to be the 1eac- 
tion. All unreacted groups on a polyfunc- 
tional monomer were treated as equally 
likely to react, so there were no geometric 
constraints in the model. A Smoluchowski 
equation could be set up with reaction 
rates proportional to the product of un- 
reacted species in each cluster, and solved 
for the cluster distribution. This model is 
soluble and exhibits a sol-gel transition. 
Though the model is satisfactory away 
from the gel point, the classical exponents 
do not agree with experimental results 
clase to P.. | 

One geometric constraint that can be 
introduced easily into the reaction process 
is to argue that some unreacted sites in the 
cluster may not be able to react because 
they are blocked, with some probability P 
by their neighbours This would allow one 
to compare percolation and gelation to see 
whether they lie in the same universality 
class, as they both show transitions from 
finite to macroscopic spanning clusters. 
Unfortunately, percolation exponents are 
also in disagreement with experimental 
findings. 

In the new model, the ease or difficulty 
of finding a partner in a unreacted group 
depends on the ability of a monomer to 
reach it, as well as blockage by its neigh- 
bours. The critical exponents of this 
model пе between those of classical theory 
and percolation. Meakin and Termonia 
compare their model with expermental 
tests and conclude that it agrees better 
than do either the percolation or the class- 
ical models, although discrepancies still 
exist. Clearly, monomer diffusion 1s 
important in clustering close to the sol-gel 
transition o 
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Extracted leaf protein in 
British agriculture 


Sir — Extracted leaf protein (LP) is not 
made commercially in Britain and there is 
little research on it here. It 1s made com- 
mercially in Denmark, France, Italy, 
Japan, New Zealand, Poland, Spain, the 
United States and the Soviet Union. Be- 
cause it is possible that it is we who are out 
of step, it seems timely to reconsider the 
arguments for LP production. 

No one has questioned the argument, 
advanced more than 40 years ago and 
amply confirmed experimentally since, 
that the annual yield of protein in the form 
of LP can be greater than the yield of a 
protein concentrate by any other type of 
farming. Similarly, the demonstrations 
that LP can replace fishmeal or soy in pig 


and poultry diets, made 20 years ago in the . 


National Institute for Research in Dairy- 
ing and the Rowett Research Institute, 
have been confirmed in many other insti- 
tutes. The residue remaining after protein 
extraction contains less water than any 
crop norinally dried for conservation as 
winter feed for ruminants. Logically 
therefore, drying should be economical. 
There is ample evidence that the residue, 
because non-nitrogenous material is ex- 
tracted as well as protein, still contains 1.5 
to 2.0%N (in the dry matter) and that it 
makes good silage from which there is no 
wasteful and polluting effluent. This resi- 
due, whether fresh, dried, or ensiled is 
readily eaten by ruminants. Many experi- 
ments show that its feeding value is, 
weight for weight, as great as that of the 
original crop: this is presumably because 
more of the N in it is true protein and 
because comminution makes it more read- 
ily digestible. 

One reason for the relative lack of inter- 
est in Britain in the use of LP as an animal 
feed, is the emphasis that has been put 
here on its value as a human food in coun- 
tries with a humid climate and protein 
deficiency. As a result of successful 
human feeding trials, there are 1n these 
countries several production units man- 
aged by local enterprise rather than by 
sponsorship from outside. Its value and 
acceptability are now established. Even 
vegetarians in Britain usually eat diets 
containing an adequate amount of pro- 
tein. There is therefore little need here for 
this application of LP. However, we feed 
pigs and poultry on imported fish meal, 
ground nut meal and soya: these could be 
largely replaced by home-produced LP. 
That substitution would not exacerbate 
the widely condemned overproduction of 
agricultural products. On the contrary, 
while economizing on imports, it would 
offer farmers an alternative to those crops 
which are now over-produced. 

Another reason for lack of interest is 
that insufficient attention has been paid to 
the number of potential sources of LP In 
early work at Rothamsted, a dozen suit- 
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able sources were described: the list could 
be extended, and it has been further ex- 
tended in tropical countries. But in most 
countries where there is commercial pro- 
duction, attention is confined to grass 
mixtures and lucerne. The latter is agro- 
nomically attractive, but its juice froths 
inconvemently and, unlike some other 
species, it yields LP with an unappealing 
flavour. LP can also be extracted from by- 
products such as potato haulm, sugar beet 
tops and vegetable discards If effort were 
put into collection, by-products could 
supply 100,000 tons of protein-anually in 
Britain as well as a residue suitable for 
cattle feed. 

Yet another reason for lack of interest is 
the use of unsuitable equipment and tech- 
niques in such large-scale trials as have 
been made. High-speed pulping equip- 
ment was used in early work at 
Rothamsted because we were sure it 
would work: it is still the most satisfactory 
equipment in agronomic studies. But 
pulping by slow-speed rubbing, or extru- 
sion through a die, uses less power and 1s 
nearly as effective. If the pulp is less than 
1 cm thick after pressing, and if pressure 
is maintained for a few seconds, juice ex- 
pression is satisfactory with 1to2 kg force 
per cm? (100 to 200 kPa). The vast screw 
expellers, which have been used in some 
unsuccéssful trials, are extravagant and 
perform poorly because tightly packed 
fibre impedes the outflow of protein-rich 
juice. There are simpler and cheaper 
methods for expressing juice: more should 
be devised, for this 1s the least satisfactory 
part of the process. . 

Lack of success in feeding trials with 
unfractionated juice was predictable. Its 
protein content 1s small and variable, its 
cation content is often excessive and, with 
some species of leaf, it contains unappeal- 
ing or slightly toxic components When a 
production routine has been established, 
there is no need to separate coagulated LP 
completely from the juice. If the 
coagulum is allowed to settle, the sedi- 
ment has a relatively constant composi- 
tion, and the supernatant carnes away 
most of the deleterious material. 
Furthermore, if conservation 1s necessary 
because of an uneven supply of leaf, the 
compact sediment needs less of the pres- 
ervative. Heating is preferable to any 
other method of coagulation. It is an illu- 
sion to regard it as expensive. Much of the 
necessary heat can, with a counter-current 
arrangement, be supplied by juice which 
has already been heated. If the pulper is 
driven by a diesel or steam engine on site, 
exhaust heat will be more than adequate 
for coagulation. 

Without an estimate of costs, the place 
of LP in British agriculture cannot be 
assessed. Costs are obviously inflated 
when the equipment used is more elabor- 
ate and expensive than necessary, and 
when the value of the residual fibre as 
cattle feed, and the possible value of the 

















NATURE VOL 315 27 JUNE 1985 





fluid which 1s separated from the coagu- 
lum, are not included in the calculation. 
So many factors tend to invalidate the 
gloomy conclusions drawn from trials 
which made inadequate use of existing 
knowledge and experience, that it was 
premature to decide that LP production 
would not be advantageous in Britain. No 
one has rebutted the basic propositions on 
which advocacy of LP production de- 
pends. The objective is sound, but execu- 
tion has hitherto been faulty. 

, N. №. PIRIE 
Rothamstead Experimental Station, 
Harpenden, Herts ALS 2JQ, UK 


Calmodulin and 
eukaryote evolution 


Sır—Whilst readıng the recent report by 
Sudhaker Babu ef al.' on the three- 
dimensional structure of calmodulin, I 
was again impressed by this protein’s 
ubiquitous role in eukaryotes. From 
cotton seed to rat testis it shows itself in a 
remarkably constant condition and 
appears to show that a similar ancestor 
must have been present at the dawn of 
eukaryote evolution. 

Rightly or wrongly the next step is to 
review the prokaryotes for ‘ancestral 
types’ and Escherichia col? has a con- 
tender in the form of the acyl/carrier 
protein which has a section resembling 
that of the Е-Е hand’ structure. Also, 
the antibiotic amphyomiycin has been 
shown‘ to have a calcium dependent 
action upon Gram-positive bacteria. Its 
structure? shows it not to contam an E-F 
hand (it only contains 11 residues) but at 
least a second finger, that is, the loop of 
the helix-loop-helix described Ьу 
Kretsinger and Barry’. 

If the evolutionary link between Strep- 
tomyces antibiotic production and eukary- 
ote calmodulin seems far-fetched, does 
this mean that the second finger of the E-F 
hand is the only decent way to employ 
amino acids in the capture of calcium 
ions? 

J. H. LAKEY 
School of Biological Sciences, 
University of East Anglia, 
Norwich NR47TJ, UK 


i Sudhakar Babu, Y etal Nature 315, 37-40 (1985) 

2 Vanaman, T С, Макі, S.J & Hill R L J bol Chem 
243, 6427-6431 (1968) 

3 Kretsnger, R Н & Barry, C D Biochim biophys Acta 
405, 40-52 (1975) 

4 Matsui, М, Ока, Y & Araki, T J Алино A16, 7-11 
(1963) | 

5 Вофапѕку, M , Sigler, G F & Bodansky, A J. Am chem 
Soc. 95, 2352-2357 (1973) 








Scientific Corresporidence 
Scientific Correspondence is intended to 
provide a forum in which readers may 
raise points of a rather technical charac- 
ter which are not provoked by articles or 
letters previously published (where Mat- 
ters Arising remains appropriate). 
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A new approach to an absolute timescale 
from measurements of orbital cycles and 
sedimentary microrhythms 


Michael R. House 


Department of Geology, Umversity of Hull, Hull HU6 7RX, UK 











When the sedimentary microrhythms of two groups of Jurassic zones forming part of the chronostratigraphical scale are 
analysed against recent radiometric age scales there is good agreement with present-day cycles resulting from the obliquity 
of the ecliptic. Sedimentary microrhythms resulting from orbital forcing can be used to establish either the relative or the 
true length of chronostratigraphical zones and thus provide a new approach towards an absolute timescale. Such a scale 
will be powerful in the analysis of other cycles and perturbations in the geological record. 





THE inadequacies of the radiometric timescale for practical use 
in much of the Phanerozoic sedimentary record is well known. 
Reliance has always been placed on the relative timescale pro- 
vided by evolutionary changes for local and international corre- 
lation and age determination. It is the biostratigraphical and 
chronostratigraphical scales! which form the standard for geo- 
logical work on sedimentary rocks on land an in the oceans. 
But a numerical scale is obviously required for any useful 
analysis of sedimentary, tectonic and evolutionary processes. I 
show here how recognition of a causation for some sedimentary 
microrhythms in terms of the influence of orbital forcing cycles 
can provide a new approach to the establishment of an absolute 
timescale, using the evidence of the effect of such cycles in 
comparatively recent deep-sea cores^"* and the recognition that 
sedimentary microrhythms common in the stratigraphical 
record^? may result from Milankovitch-type cycles’. 

I will use two examples from the Jurassic to illustrate the 
technique. These examples enable integration with the 
chronostratigraphical scale. The Jurassic also demonstrates the 
essential problems with the current radiometric timescale. Table 
1 lists several recent attempts to give the duration of the Jurassic 
and shows the uncertainty of each method. As to the finer 
divisions of the Jurassic used on radiometric scales, three 
approaches have been used recently. The first is to consider the 
10 or 11 Jurassic chronostratigraphical stages to be of equal 
duration and to divide the number into the accepted duration 
for the system?. The second is to take the number of ammonite 
zones within a stage as the more reasonable estimate of its 
duration and to adjust stage length accordingly! 9. The third 
proposal'^!? is a weighted scheme using zonal and subzonal 
divisions. All three methods are based on the assumption that 
the evolutionary changes, which form the basis for stage, zonal 
and subzonal division, proceed at a uniform rate. Yet that is an 
hypothesis which a palaeontologist would wish to test, and the 
evidence presented here shows that is false. 


Sedimentary microrhythms 


There has been a wide recognition of rhythmic sedimentary 
events^*? at a scale of —0.2-3.0 m throughout the Phanerozoic 
and parts of the Precambrian. However, these rhythms are 
usually asymmetrical cycles of the ABCABC or ABCDABCD 
type, and there seemed little immediate relation to the regular 
symmetrical cycles (such as ABCDCBA) which one would 
expect from orbitally controlled patterns. Perhaps that is a 
reason why such interpretations have been regarded as specula- 
tions. Figure 1 illustrates how rhythmical or asymmetrical cycles 
may rise from symmetrical forcing oscillations when set against 
a regular trend in a changing parameter, for example, sea-level 


LÁ 


Fig. 1 Net effect of symmetrical oscillations and long-term trend 
giving a stepped effect of stasis and more sudden change. This 
model can be interpretec, for example, in temperature, sea-level, 
salinity, faunal abundance or climatic terms. a, Effect of one cycle; 
b, effect of two cycles, such as the tilt and precession cycles. 


change against a subsiding sea floor, temperature oscillations 
against a progressive temperature change or climatic oscillations 
against a climatic trend. The simple patterns illustrated in Fig. 1 
show a period of rapid change followed by relative stasis of the 
type needed to explain many microrhythms. Such a situation 
may be provided by a combination of the Milankovitch-type 
orbital oscillations". More complex interpenetration of several 
cycles and combinations of cycles with different control could 
give very elaborate effects. In such cases, different amplitudes 
and wavelengths can give harmonics and varieties of pattern 
which might, at first glance, seem bewildering, but which would 
have simple primary cause?. This is illustrated in Figs 1 and 5 
which show how the effects of simple cycles which can be 
resolved using Fourier transforms. 

Many microrhythms in the geological record result from quite 
different causes, for example, turbidite flows resulting from 
continental shelf and slope instability, nearshore storm events, 
periodic fault movements or spasmodic volcanicity. Orbitally 
related phenomena may be best studied in deeper sedimentary 
basins away from such phenomena. To proceed with the con- 
struction of the new timescale only a few sequences well-related 
to the chronostratigraphical scale are needed, then normal bio- 
stratigraphical techniques can be used. 





Table 1 Estimates of the duration of the Jurassic period based on 
recent radiometric timescales 








Duration of 


Jurassic 
Ref. Date (Myr) 
Van Hinte?* 1976 55-60 
Harland et al?$ 1982 69 
Odin?’ 1982 74 
Kent & Gradstein (in Palmer?^) 1982 64 
Snelling’! 1985 70 
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Jurassic examples 


To demonstrate a possible relation between sedimentary micro- 
rhythms and orbital patterns two cases will be considered from 
English Jurassic sequences which form part of the chronostrati- 
graphical scale, one from the Lower and one from the Upper 
Jurassic. Figure 2 illustrates the typical sequence for the south 
of England along the Dorset coast. The large-scale rhythmicity 
shown is not of concern here but was appreciated as early as 
1822 (ref. 14) and has been described in detail elsewhere! Y, 
Each of these major rhythms usually show finer-scale micro- 
rhythms, the immediate cause of which have been investigated 
extensively in terms of small sea-level changes and anoxic 
events'®. Two examples will be treated here, part of the Lower 
Lias and part of the Kimmeridge Clay, chosen because their 
unambiguous relation to the chronostratigraphical scale. The 
initial postulate for this study is that the observed regular small- 
scale rhythmicity indicates the overprinting of a periodic 
enrivonmental change. 

The careful measurements of the Lower Lias microrhythms 
of Lyme Regis, Dorset by Lang form the basis for the calculations 
given here!*!?, The microrhythms typically comprise a thin 
laminated, dark, organic-rich shale followed by lighter coloured 
calcareous shale with bioturbated limestone beds at the top??? 
Not all units are developed and higher in the succession the 
limestone units are often lost. The succession of these micro- 
rhythms and their correlation with the standard chronostrato- 
graphical scale? is illustrated on Fig. За using Lang’s data and 
terminology for bed numbers. The Lower Lias sequence is 
nearshore and could be expected to be incomplete? ; it rep- 
resents a deepening sequence from possible supratidal 
stromatolitic Upper Triassic beds below. Some data from 
Somerset” are also considered. 

The broad features of the Upper Jurassic Kimmeridge Clay 
have been described”*-?’. The typical microrhythms comprise 
alternations of well-laminated oil shale and/or laminated 
organic-rich shale with more calcareous, lighter coloured shale 
or mudrock. This sequence is interrupted by dolomitic or coc- 
colith limestone bands, termed stone bands, which form con- 
venient markers. Immediately above these markers micro- 
rhythms are often not clearly seen. The Blackstone, or Kim- 
meridge. Oil Shale, is the best developed and thickest oil shale. 
This and associated oil shales are thought to be the main source 
of oil in the North Sea fields and for the nearby Wytch Farm 
field (Fig. 3b)**. An illustration of a cliff section showing some 
of these microrhythms is given on Fig. 4b. 


Analysis of microrhythm data . 


Only Arkell’ in this century has had sufficient detailed biostrati- 
graphical command of the whole Jurassic to give judgement on 
zones which might have reasonable balance throughout the 
system. He used 58 zones, excluding the non-marine Lulworth 
Beds to which we may assign two zones for calculation, giving 
60 in all. Arkell's subdivision of the Kimmeridge Clay was 


Table2 Estimates of the time duration of microrhythms of the Lower 
Lias (Planorbis to Buckland: Zones) and Kimmeridge Clay (Autissioder- 
ensis to Wheatleyensis Zones) 





Duration 

Duration Duration Duration of 
of of each of Lias | Kimmeridge 

Jurassic zone rhythms rhythms Average 

(Myr) (Myr) (kyr) (kyr) (kyr) 

60 1.00 33.0 40.8 369 
65 1.08 35.6 44.1 39.8 
70 1.17 38.6 47.8 432 
75 1.25 412 549 48.1 


Several possible duration times are used for the Jurassic, and it 1s 
assumed that the zones are typical in length for the Jurassic using a 
shght modification of Arkell’s zonal scheme?? (see text for details and 
the effect of other assumptions). 
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Fig. 2 Mesozoic and Tertiary sequence of the Dorset coast drawn 

to emphasize the large-scale rhythmicity of the succession and to 

indicate the levels of the sequences discussed in greater detail 
(after ref. 14). 


provisional and if revisions of the sequence between the 
Mutabilis and Pectinatis Zones?" are accepted, the total of 
zones is not altered but all the Kimmeridge Clay data on Fig. 3b 
can be used. More recent lists give up to 74 zones? ; if this 
value is preferred other calculations may be done, but I feel 
that this introduces too much relative subdivision at certain 
levels. 

The four earliest Jurassic zones used here? compare with the 
first three of Arkell's scheme” to estimate zone duration. Using 
Lang's limestone units for the first approximation (Fig. 3a) these 
give the following crude numbers of microrhythms for each 
zone. (Shown in parentheses are interpolated rhythms which 
have been added for use in the calculations.) Planorbis Zone 
(beds H25-H56), 16(6); Liasicus Zone (beds H57-H83), 13(6, 
assuming six rhythms when complete between each of refs 2-4), 
Angulata Zone (beds H84-20), 19(5); Bucklandi Zone (beds 
21-46), 13 (14). This gives a total of 91 for the four zones (three 
in Arkell’s scheme?9). No estimate is made for the Semicostatum 
Zone, but rhythmicity clearly continues (Fig. 3a). 

Data from Somerset” suggest that at Doniford Bay the follow- 
ing values hold: Planorbis Zone (beds 14-42), 10; Liasicus Zone 
(beds 43-69), at least 18; Angulata Zone (beds 80-145), 39 (or 
40 at Blue Ben); Buckland: Zone (beds 146-203), 27. This gives 
a total of 94 microrhythms. But there is considerable subjectivity 
in the estimation of these numbers and some discrepancy 
between them and those of Dorset. The Lias evidence is used 
in the absence of better data, but a more thorough regional and 
international study should provide more reliable values. 

The Kimmeridge Clay microrhythms used for the calulations 
are shown in Fig. 3b where interpolated levels are the numbers 









COCCOLITH 
LIMESTONES 


DOLOMITIC 
UIMESTONES 




























j| CEMENTSTONES AND 
| IMPURE LIMESTONES 


BUCKLAND 


FIBROUS CALCITE 





IUD THIRD QUICK 


ПЕН 








CALCAREOUS MUDSTONES 

















AND MARLS 
777) uNDIFFERENTATED ee th GREY LEDGE 
posl: SHALES x o 
x v 
PAPER SHALES AND S t ey (Pear 16 > 
70 
BITUMINOUS SHALES © ALCINOE BED ui 
= œ 
^ o 
i © 
OIL SHALES = 
Es S * o 
E и; юк Reefs 9,1112 ~ 
® ниудттїїїїїїгг Reef 4 ч л 
> к a 
S o Reefs 8, 10 = 
© © 
ы 2 Reet ? = 
- 
= Reet 6 
Кели. uj Roets 4,5 
v Reef 
E f 
m D TABLE LEDGE 
S 
Б am | 
- 52 
& 
н26: 
м; 


н 


Fig. 3 Detailed sequences from the Jurassic of the Dorset coast illustrating sedimentary microrhythms. а, Part of the Lower Lias of the coast © 
near Lyme Regis based on detailed descriptions and bed numbers of Lang'®! 
Psiloceras enters in bed H25 and the base of the Sinemurian is taken at Bed 21. Numbers with prefix Н refer to the section west of Seveh 
Rock Point, those without prefix extend from the Point eastward to the foreshore below Black Ven. b, The section near Kimmeridge between © 
Kimmeridge Bay and Clavell’s Hard based on published data of Cox and Gallois”. The bed numbering is new and the marker beds аге — 
abbreviated so that they form a prefix for the bed numbers given above them up to the next marker bed. А numbering system is given for. 
reference which refers to units above particular marker beds. Thus, MLS refers to fifth organic-rich shale above the Maple Ledge Stone Band. 
The boundary between the Lower and Upper Kimmeridgian (sensu anglico), and between the Kimmeridgian (sensu gallico) and Tithonian 
stages is usually drawn at Blake's Bed 42 (B). 





dn. parentheses, Zonal assignments are those of a recent 
revision*: The numbers used are as follows: Autissiodorensis 
«Zone (F1 to MP14), 45; Elegans Zone (B to В16), 17; Scitulus 
| Zone (YL to СЇЗ), 15; Wheatleyensis Zone (CL4 to GL14), 21. 
< This gives a total of 98 microrhythms. Table 2 gives calculations 

“of the time for each microrhythm using only the Dorset data. 


Interpretation 


There are several uncertainties in the values used, of the period 
taken for the length of the Jurassic, of the number of Jurassic 

< zones and of the assumption that the eight zones used are a fair 
sample for the Jurassic. Nevertheless, the agreement of an 
average of the microrhythm period and an average of current 
*: estimates of the duration of the Jurassic with the value of 41 kyr 
(ref. 4) which is the oscillation resulting from the obliquity of 
c eclipticat present is very close (Table 2), perhaps fortuitously 
le differences between the Lias and Kimmeridge results 
-could be due to different weighting in the true zonal periods 
"involved: T suggest that the obliquity cycle may be the primary 
|; cause of the dominant rhythmicity. If the obliquity periodicity 
v. has inged little through time, then estimates of the duration 
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of the zones, using the 41-kyr value give the following results 
(in Myr): Planorbis Zone, 0.86; Liasicus Zone, 0.78; Angulata 
Zone, 0.94; Bucklandi Zone, 1.11; Autissiodorensis Zone, 1.84; 
Elegans Zone, 0.7; Scitülus Zone, 0.62; Wheatleyensis Zon 
0.86. For the present, these values should only be taken, in their 
blocks of four, as relative times which may be assigned to the 
zones. Note that if the 41-kyr cycle did hold in the Jurassic 
these values indicate (within the limit of sampling) which dur- 
ation is the more probable for the Jurassic. The present evidence 
would favour the Cambridge scale^5, but other time and zonal 
scales give different results because of unbalanced zonal weight- 
ing. Thus, Hallam? gives the Kimmeridgian (sensu gallico) and 
Tithonian 22 zones and a span of 11 Myr, which would give a 
period of 20.4 kyr for the Kimmeridge microrhythms. Data from 
the same review would give an average of 62.5 Куг for the 
Hettangian microrhythms (giving, as expected, an average of | 
7-41 kyr). The true value will only be approached when rélative ' 
lengths for zones, using the technique proposed here, are 
assembled throughout the Jurassic. But do such errors explain: 
the diversity of estimates of microrhythm duration in other parts 
of the stratigraphical column’? ? 
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Fig. 4 Features of Dorset Jurassic sedimentary microrhythms. a, Part of the Lower Lias succession in Chippel Bay, west of Lyme Regis. The 

hammer is on the unit called Specketty (Bed 19). b, A cliff profile in Kimmeridge Bay, just west of Gaulter Gap, showing the weathering 

profile of microrhythms above The Washing Ledge Stone Band (Bed WL2 is at the base of the cliff). Four zones are represented (Autissiodorensis 

to Wheatleyensis). c, Section of The Blackstone (Bed GL14) illustrating clasts within the spore-rich oil shale. d, Debris deposits in the White 

Stone Band west of Freshwater Steps, Kimmeridge. Pen, 13 cm long. e, Stereoscan photograph of a specimen from the Rope Lake Head Stone 
Band showing well-preserved coccoliths without a trace of biodegradation. Width of photograph, 15 jum. 


The obliquity cycle operates by the shifting of latitude and 
the microrhythms may be explained, for example, by small 
climatic shift ??", Thus, oscillations in and out of the tropical 
forest belt might explain the organic-rich, anoxic phase and the 
hitherto anomalous evidence for turbid flow and coarse debris 
within parts of oil shales and organic-rich shales in the Dorset 
Jurassic (Fig. 4c, d). This provides a better model than reliance 
on sea-level changes, although these may be involved in some 
cases. Perhaps the most promising model is that invoking cold- 
water benthic versus warm-water planktonic regimes". 
Although the amount of variation in tilt is likely to be less in 
the past because of the greater number of days in the year, it 
seems reasonable to suppose, as a working hypothesis, that the 
period of the obliquity cycle is probably constant. 

Clearly, there are other oscillations that may affect the system, 
both at greater and smaller frequencies. Thus, the Lias Beds 
H30 to H66 show three major units forming the reefs, each 
separated by five minor limestones, which may indicate six 
oscillations between the maxima of a larger cycle. The Lias 
sequence discussed here has been the subject of Walsh power- 
spectra analysis, suggesting orbital-precession (19 and 23 kyr) 
and а 31-kyr obliquity cycle in addition to those mentioned". 
These values depend on the assumption of 1-Myr zones and of 
sedimentation rates. The effect of such cycles seems limited to 
the introduction of irregularities in the rhythmic pattern. In the 
group of zones considered here, limestones comprise — 25% and 
argillites the remainder. A single, probably varved, limestone 
from above the Brick Ledge gives a ‘varve’ average of 850 pm. 
Estimates for varves in organic-rich levels have been given?" as 
9-17 um and the average, 14 рт, may be used for calculation. 
Given a total thickness of 25.6 m, these values suggest a deposi- 
tional time of 1.5 Myr when the expected duration for average 
zones would be ~4 Myr giving a total of time hiatus of 62.5% 


comparable with another recent estimate" of 70%. But I suggest 
here that the major rhythmicity signature, estimated as 41 kyr, 
is probably nearly complete and the loss occurs in individual 
rhythms. 

The Kimmeridge data suggest a repetition of coccolith lime- 
stones or dolomitic limestones with a cycle, perhaps a harmonic 
of about twice or three times that shown in Lias Beds H30 to 
H66 referred to above. Such signatures of oscillation interaction 
may prove to be time definitive. A computer model, from a 
program by R. Middleton, is shown in Fig. 5, and will be used 
to illustrate an interpretation of the Kimmeridge Clay data. The 
dominant periodicity (41 kyr) is that obtained by present calcula- 
tions. The expected 100-kyr cycle is added weakly as it shows 
no very obvious visual effect. The largest period (taken at 
451 kyr) is suggested by the stone band position (F to F11, YL 
to YL10, CL to CL(9) taken as about 11 times the supposed 
obliquity cycle) and is used to illustrate the fact that the different 
controlling oscillations may operate differently. Thus, the points 
marked a on Fig. 5 show times when climatic shift crosses the 
environmental threshold, enabling the production of organic- 
rich or oil shales, the threshold being indicated by the straight 
line given an arbitrary trend. This threshold will be expected to 
vary from place to place and, in particular, anoxia will reduce 
in shallower and more agitated waters. At the points marked b 
in Fig. 5, however, the threshold is not crossed and the rhythms 
may not be obvious in the sediments and they will not show as 
organic-rich shales. This is the justification for the interpolations 
used in the calculations (Fig. 3a, b). A cycle of larger wavelength 
affecting the shape of the orbit, similar to the present-day 100-kyr 
cycle (but given on the model a 451-kyr periodicity), could result 
in periods of much higher global insolation and hence, for 
example, in more extreme temperatures. This might explain 
periods of coccolith blooms (Fig. 4e) and the periodic formation 











Fig.5 Computer simulation of 
microrhythm patterns using 41 kyr 
as the main. obliquity periodicity 
with. amplitude taken as unity. 
Additional oscillations arbitrarily 
introduced at wavelengths of 451 
and 100 kyr with amplitudes of 0.6 
and 0.3, respectively. The vertical 
column indicates. conditions when 
organic-rich shales may be pro- 
duced if the trend line represents 
an environmental threshold for 
their formation. Scale in Куг. 










of the marker stone bands, which. would be under quite a 
different control from the obliquity latitudinal shift. Two such 
cycles could interpenetrate in their magnitude and in their effect. 
In: this interpretation, it is assumed that the carbonate marls 
E necessary for the production of the diagenetic dolomitic stone 
bands" arise from pelagic carbonates formed on occasions 
- similar to those producing coccolith blooms. A small portion 
of this sequence, including the Blackstone, has been the basis 
of Fourier analysis using detailed chemical data” and assump- 
_ tions of sedimentation rate has given evidence of smaller-scale 
| cycles. When the chronostratigraphical scale for the Jurassic is 
calibrated numerically by the summation of relative duration 
data, Walsh power spectral analysis arid Fourier analysis should 
enable the. provision of very precise astronomical data оп 
planetary perturbations. 
“At à larger scale are the rhythms producing widespread 
anoxia in.the Jurassic in the Toarcian, Callovian and mid- 
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Kimineridgjati (sensu anglico) but whether they have a тев 
period has still to be demonstrated. 

The many examples of rhythmicity described in other part 
of the Jurassic and in other stratigraphical systems need to 
studied to contribute to the calibration of the timescale and th 
establishment of a numerical scale linked to the chronostrat 
graphical scale along the lines suggested here for the Jurassic 
It should be emphasized, as is illustrated by Table 2, that 
in the relatively well-known Jurassic, bizarre results may foll 
the choice of an inaccurate radiometric time scale. Subject to 
the monitoring suggested xd orbital forcing patterns ma 
become the more reliable tool. - 



































Conclusions 


If the microrhythms discussed are periodic then, whateva hei 
cause, they. provide:a better means. of assessing the relati 
lengths of zones for purposes of subdividing the: radiomet 
timescale than the present assumption that stages; zones 
subzones are of equal duration. _ 

Assuming values for the average duration of blocks of Jurassic 
zones based on current radiometric scales, the period for th 
microrhythms discussed accords well with the present value. 
(41 kyr) for the period resulting from the obliquity of the есір 
If this is the primary cause of the sedimentary rhythmicity thei 
it can be used to estimate the absolute length of zones. But othe 
values result from different premises. 

It is argued that either relative methods or, eventually, orbital 
cycle methods can be used to build up а precise date in yea 
for zonal sequences so that the chronostratigraphical scale ca 
become a numerical means of estimating geological processe: 
quantitatively. 

I suggest that such a quantitative scale is the only convincin, 
way in which larger-scale stratigraphical and palacontologing 
perturbations can be dated and interpreted. 

I conclude that the assumption made. in. subdividing th 
existing radiometric timescale that zones or subzones are o 
equal duration is false. 

If the primary cause of the main rhythms examined is period 
icity in the angle of the Earth's tilt then the interpretation o 
them in terms of slight shifts of climatic belts becomes reason- 
able. Other rhythms may have quite different orbital forcing. 
controls, such as global insolation changes. The examples give 
are intended to illustrate a technique rather than to provide final. 
values or interpretations for the phenomena discussed. 
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DNAs from four out of five patients with acute myeloid leukaemia (AML) tested by an in vivo selection assay in nude 
mice using transfected mouse NIH 3T3 cells were found to contain an activated N-ras oncogene. Using a set of synthetic 
oligonucleotide probes, we have detected a mutation at codon 13 in all four genes. The same codon is mutated in an 
additional AML DNA that is positive in the focus-formation assay on 3T3 cells. DNA from the peripheral blood of one 






» patient in remission does not contain a codon 13 mutation. 






























THE use of focus assays to detect morphological transformation 
of МІН 3T3 cells in DNA transfection experiments has shown 
that between 10 and 30% of human tumours contain altered 
forms of either the c-Ha-ras-1 gene, the c-Ki-ras-2 gene or the 
N-ras gene. These genes encode GTP-binding proteins of 188 
and 189 amino acids that are located at the inner surface of the 
cell membrane and which are evolutionarily highly conserved". 
‘In the 15 or so cases. of altered ras genes in human tumours 
that have been analysed so far, activation has been shown to 
‘sult ina single base pair mutation which leads to the substitu- 
ion of either.a glycine at amino acid 12 or glutamine at amino 
acid 61 (refs 3-17). However, in vitro mutagenesis experiments 
ave shown that mutations at amino acids 13, 59 and 63 can 
во lead to transforming activity’. 

We have studied the presence of activated ras genes in acute 
myeloid leukaemia (AML), a disease characterized by abnormal 
proliferation and differentiation of cells of the myeloid, 
ionocytic and erythroid lineage. This disease is subdivided into 
six groups (FAB M1-M6; ref. 19) according to which immature 
ell is dominant in the population. Using a direct in vivo selection 
assay in nude mice of transfected 3T3 cells??, we find that four 
ош of five AML DNAs tested contain an activated N-ras gene. 
n altered N-ras oncogene was also detected in another AML 
sample using the focus-formation assay. We. analysed these 
activated N-ras genes for the presence of mutations using a set 
‘of synthetic oligonucleotide probes and report here that all five 
activated N-ras genes are found to contain a mutation at codon 
13. 








Transfection of NIH 3T3 cells 


In initial experiments using focus formation on NIH 3T3 cells. 
as an assay for the transfer of transforming genes, DNAs pre- 
pared from five samples of AML cells were found to have low, 
if any, transforming activities (D.T. and C.J.M., unpublished 
results). However, in a different laboratory one out of three AML 


DNA samples was found to have transforming activity ^. Be- | 


cause focus formation may not detect all transforming genes (for 
example, some alterations to ras genes lead to only a minimal 
change in morphology of the transformed cells?'), we sought to 
increase the sensitivity of the transformation assay. Previously, © 
Blair et al?” have shown that direct in vivo selection of transfor- oo 


med cells can be used as an assay for the transforming genes SUN 


in transfected cells. As an additional step to ensure that all the © 
injected cells bad been transfected with donor DNA, DNA . 
samples were co-transfected with the plasmid pSV2Neo (ref. 22) 
and the transfected cells selected in antibiotic 0418. A similar 
approach has been described by Fasano et al", but we injected 
a smaller number of cells than these authors. We found that 
tumours arose 30-55 days after inoculations of NIH 3T3 cells 
transfected with four out of five preparations of DNA from 
AML samples (AML 33, 49, 73, 77). Of 15 other human tumour 
DNA samples tested in the same way, 10 failed to give any 


tumours, even within 90 days, whereas 5 other samples gave __ 
tumours 32-80 days after inoculation of transfected cells (Table 


1). Normal DNA prepared from either mouse livers or human 
lymphocytes gave a very low incidence of tumours—0/3 





Table 1 Co-transfection and nude mouse tumorigenicity of AML DNAs 








Primary tumour 


FAB incidence per 
s classification co-transfection 
. DNA+ pSV2Neo of AML of 20 ug DNA 
. Normal mouse DNA 3/28 
"Normal human 0/3 
HT1080 3/3, 1/3 
‘AML 33 MI 1/3 
SAML 49 M5 1/3, 2/3, 1/3 
AML 73 M2 1/3 
“АМЕ 77 M4 1/3 
САМІ 50 M5 0/3 
:4$ Human tumours 10x0/3, 4x 1/3, 1 x 2/3 
(non-AML) 


Secondary tumour 


Latent period incidence per Latent period 


(days) co-transfection (days) 
94 NT 

30-70 NT 
50 3/4 39 
37 3/3 27 
30 1/4 34 
55 NT 
90 NT 

32-80 NT 














525520 pg Cellular DNA and 300 ng pSV2Neo were precipitated with calcium phosphate into each of three 60-mm plates seeded 1 day previously 

with 2 10° NIH 3T3 cells; 22-24 h later, the co-precipitate was washed off and the cells incubated in normal growth medium (Dulbecco's modified 
agle's medium +10% calf serum) for 20 h.. Each dish was then trypsinized and seeded to a 150-mm dish containing selective medium with | = 
mgm G418. After 7-10 days of growth in selective medium, each dish contained 1-1.5 x 10* G418* colonies and a total of 3-4x10* cells; = > 
§ x 10* cells were then injected into each of two inguinal subcutaneous sites of nu/ nu mice. NT, not tested. 21 




















Fig.1 Southern blot analysis to show the presence of human 
N-ras in МІН 3T3 transfectants from AML DNAs. 33T1, tumour 
in nude mice derived from co-transfection of NIH 3T3 cells with 
pSV2Neo and AML 33 DNA; 49T1 and 49T2, two tumours that 
г arose from separate experiments with AML 49 DNA: 73T1 and 
2 47T1,.tumours that arose from experiments with AML 73 and 77 
DNA, respectively. Control samples are DNAs from normal human 
fetal lung and NIH 3T3. cells. In each lane 5 рр EcoRI-digested 
DNA was separated. Arrow, 8.8 kb. 
“Methods. DNAs were digested with EcoRI, electrophoresed in a 
horizontal (0.7% ) agarose gel and blotted to nitrocellulose. The 
filter was hybridized (5 SSC, 20mM sodium phosphate, 5x 
Denhardts' solution, 10% dextran sulphate, 50 pg ті”! denatured 
salmon sperm DNA, 50% formamide) at 42°C for 16h with 10° 
c.p.m. ml! of a ?P-labelled probe obtained by nick-translation 
of the 800-bp EcoRI/ 5511 fragment of N-ras contained in pATS.8 
(ref. 24). This fragment does not hybridize to mouse DNA and 
detects a single 8.8-kilobase (kb) fragment in EcoRI digests of 
human DNA. After hybridization the filters were washed. twice in 
0.1 x SSC, 0.1% SDS at 60°C and then exposed to Kodak XAR-5 
film at ~70°C with intensifying screens. 


(human) and 3/28 (mouse)—and any tumours which did appear 
only arose 90 days after inoculation. DNA prepared from 
HT1080 cells, known to contain an activated N-ras oncogene”, 
produced tumours 30-70 days after inoculation in 4/6 co-trans- 
fections. The transforming activity detected in the first transfec- 
боп with AML DNAs could be passaged serially with similar 
or slightly greater efficiencies (Table 1). 

To examine: whether any of the tumours that arose in nude 
mice resulted from the acquisition of a human ras oncogene, 
DNA prepared from the tumours was analysed by Southern 

"blotting with probes for N-ras, Ha-ras and Ki-ras. It was found 
"that DNA prepared from each of the primary transfectants from 
the four AML DNAs detected by in vivo selection (Fig. 1) and 
the one detected by the focus assay contained the human N-ras 
gene. In some, but not all, transfectants the human N-ras gene 
was amplified 20-30-fold. There was no evidence for transfer 
Jof any of the other ras oncogenes, and tumours that arose after 
“co-transfection of non-AML DNA did not contain human ras 
genes (data not shown). 


. Mutations at codon 13 


То analyse the transfected N-ras genes in the NIH 3T3 transfec- 
tants derived from AML DNAs, we used synthetic 20-mer 
oligonucleotide probes. Using these probes we are able to detect 
-single base pair (bp) substitutions in the N-ras gene based on 
the fact that a fully matched hybrid between the oligomers and 
“genomic DNA is more stable than a 1-bp mismatched hybrid”. 
v For the positive detection of mutations, we have synthesized 
_ groups. of oligomers varying at one position іп a codon (see 
"Fig. 2). One oligomer of each group will then hybridize to 
form a fully matched hybrid with each of the possible 
‘mutations in a base pair. For example, the oligomer group 
12-p2 consists of three oligomers, one of which will form 
a fully matched hybrid with an N-ras gene mutated at the 
"Second base of codon 12. 

When Pst1-digested DNA from four AML transfectants (33T, 
; 49Т, 77Т and 1T) was hybridized to the probe corresponding 
fo the ref quenee of the formal N-ras gene around codon 61 
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Fig. 2 Sequence of the 20-тег probes used to detect mutations 
in codon 12, codon 13 and codon 61 of the N-ras gene. Sequences 
are derived from Taparowski ef al”. E 
Methods. The. N12 and N13 probes were synthesized using às. 
template chemically synthesized 20:mer and an 8-mer primer com- 
plementary to the 3’ end of the 20-mer. This primer-template © 
complex was incubated with [a-"P]dCTP (3,000 Ci mmol’; 
Amersham), cold dGTP, dATP and TTP, and DNA polymerase 1 
as described by Bos et al". The 8-mer primer carried а 5'-terminal 
phosphate group which. enabled. us to separate the labelled 
oligomer from the unphosphorylated template on a polyacrylamide 3 
urea gel. The N61 probe was synthesized similarly but now using. 
[a-*?P]dATP (see ref. 17): The oligonucleotides were prepared Бу = 
a phosphotriester approach" using a fully automatic synthesizer © 
(Biosearch SAM-1). 


(N61-wt) and washed under conditions in which only a fully 
matched hybrid is stable, a strongly hybridizing signal was seen: 
(Fig. 3A). In two transfectants (49T and 33T) the signal was 
very intense, showing that the N-ras genes were highly amplified. 
(see also Fig. 1). No hybridization was seen with the oligomer 
groups corresponding to mutations at codon 61, indicating that 
none ofthe N-ras genes in the transfectants contained mutations 
at codon 61 (data not shown). In contrast, the oligómer corre- 
sponding to the normal sequence of the N-ras gene at codon. 
12 (N12-wt) failed to form a fully matched hybrid with any of 
the AML transfectant DNAs (Fig. 3B), although it did hybridize 
to human cellular DNAs containing single-copy representations 
of the wild-type sequences at position 12 (lanes a, b). However; 
when the transfectant DNAs were hybridized with the groups. 
of probes corresponding to mutations at each of the base pairs 
of codon 12 (N12-p1, N12-p2), fully matched hybrids were not 
detected (Fig. 3C, D). 

The absence of fully matched hybrids with either normal or 
mutant probes led us to investigate whether any mutations: 
occurred in the sequence surrounding codon 12. Recently, 
Fasano et al.'* have shown by in vitro mutagenesis that mutations 
in codon 13 (Gly) can lead to transforming activity of the. 
с-На-ғаѕ-1 gene. Therefore, we analysed the transfectant DNAS 
by hybridization with probes (N13-p1 and N13-p2) that could. 
recognize mutations a: the first or second position of codon 13. 
The oligomer group N13-p2 hybridizes with each of the AML 
transfectant DNAs (Fig. 3F). Those transfectants with the high 
est copy number of the N-ras gene showed the greatest signal 
with the N13-p2 probe, but hybridization was also seen in га 
transfectant (77T1) that only contains one or a few copies of. 
N-ras (compare Figs 1 and 3F), whereas no hybridization was. 
detected with control DNAs having the wild-type sequence. 
(Fig. 3, lanes a, b). Thus, we conclude that the N13-p2 probe: 
forms a fully matched hybrid with the AML transfectant DNAs. 
No hybridization was detected with the N13-p1 probe to the 
transfectant or control DNAs (Fig. 3E). Therefore, our results _ 
show that the transfectant DNAs contain N-ras genes with a 
mutation at the second position of codon 13. Recently, we hav 
found that the N-ras gene in transfectant DNA of AML 73 als: 
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Fig. 3 Hybridization of synthetic oligomer probes to genomic 
DNA of 3T3 cell transfectants of four different human AMLs. The 
panels are replicates of each other with DNAs of HL60 (a) and 
HT1080 (b) as control and the DNAs of the AML transfectants 
33T, 49T, 77T and 1T. The panels were hybridized to different 
oligomer probes: A, N61-wt; B, N12-wt: C, NI2-pl: D, NI2-p2: 
E, N13Y-pl; F, N13-p2; M, fragments of phage A DNA digested 
with Атап (4.3 and 2.3 kb). Arrows indicate the position of the 
| N-ras fragment. | 

Methods. Hybridization was essentially as described by Bos er аі“. 
Genomic DNA (10 ug) was digested with PstI and electrophoresed 
on a 0.5% agarose gel. The gels were denatured in 0.4 M NaOH, 
0.8 M NaCl, neutralized in 0.5 M Tris-HCI (pH 7.2), 1.5 M NaCl 
© and dried. The dried gel membranes were hybridized at 50 °С with 
61-wt.and at 53°C with the other probes іп 5 xSSPE (SSPE = 
10.mM sodium phosphate pH 7.0, 0.18 M NaCl, 1 mM EDTA), 
0.3% SDS and 10 ig ml”! sonicated Escherichia coli DNA. Hybrid- 
1 gels were washed in 2 X SSPE, 0.1% SDS at room temperature, 
in 5 xSSPE; 0.1% SDS at 53 °C for 15 min and finally in the same 
онол at either 59°C (for N61-wt) or 63°C (for the N12/13 
probes) for 5 min. Gel membranes were autoradiographed for 2-4 
days using intensifying screens. 


Fig. 4 Hybridization of separated Ni3-p2 А 
oligomer probes to genomic DNAs of the AML 
© transfectants. The panels are replicates of each M 
:^other, with PstI-digested DNAs of MOLT-4 as 
. control and the DNAs of AML 33T, 49T, 77T 
and 1T. The panels were hybridized to N13- 
p2/a (TTCCCAACATCACCTGCTCC; panel 
A) to N13-p2/b (TTCCCAACAACACC- 
TGCTCC: panel B) and to N13-p2/c 
(TTCCCAACAGCACCTGCTCC; panel С). 
Arrows indicate the position of the N-ras frag- 
ment; M, phage A DNA digested with HindIII, 
р, 10 genomic copies of plasmid pAT8.8. This 
plasmid contains an 8.8-kb fragment of the acti- 
vated N-ras gene HT1080 (CAA,,-AAA; ref. 
24). 
-Methods. The three members of oligomers N13- 
p2 (a, b and c in inserts 1 and 2) were separated 
on à 20% polyacrylamide gel (mono/bis = 
62.5:1) in Q0. 5xTBE (TBE=90mM Tris, 


MOLT-4 


N13- p2/a 


90:m™M boric acid, 2.5 mM EDTA) (see insert 1). To eliminate contamination, the isolated oligomers were further purified by electrophoresis 
:on:cellulose acetate strips in 7 M urea, 5% acetic acid, 5 mM EDTA pH 3.5 at 5,000 V (see insert 2). The fragments were eluted in 1 mM 
с EDTA and used directly for hybridization. The sequence of each oligomer was determined by synthesizing N13-p2 with an end-labelled primer 
and cold deoxynucleoside triphosphates. This end-labelled probe was separated into the three members of N13-p2 and sequenced according 
30 Maxam and Gilbert™®. Gel separation and hybridization were as described in Fig. 2 legend. 





probe (data not shown) and thus 


hybridizes with the N1 
the same position. 


contains à mutation 


Mutation to valine or aspartic acid 


The use of mixed oligonucleotide probes allows the detection 
of the position of a mutation in a codon rather than establishing 
the precise mutant sequence. To analyse the exact nature of the 
mutations present in the N-ras gene of the AML transfectants, 
we hybridized DNAs to the individual oligonucleotide probes 
corresponding to the three possible mutations at the second 
position of codon 13. To prepare these individual probes, the 
labelled oligonucleotides of group N13-p2 were electro- 
phoresed on a polyacrylamide gel (Fig. 4, insert 1), the indi- 
vidual bands excised and the separated oligomers further 
purified by electrophoresis on cellulose acetate strips (Fig. 4, 
insert 2). 

To identify the separated oligomers, they were sequenced as 
described in Fig.4 legend. The slowest-running oligomer 
(N13-p2/a) on the polyacrylamide gel had the sequence 
TTCCCAACATCACCTGCTCC and thus identifies а GAT 
codon 13 (Asp) in a fully matched hybrid. The second oligomer 
(N13-p2/b) identifies a GTT codon (Val), whereas the third and 
fastest-running oligomer (N13-p2/c) identifies a GCT codon 
(Ala). The separated oligonucleotide probes were then hybrid- 
ized to PstI-digested DNA from four AML transfectants. As 
shown in Fig. 4A, oligomer N13-p2/a forms a fully matched 
hybrid with DNA of transfectants from AML 1 and 33, whereas 
oligomer N13-p2/b forms a fully matched hybrid with DNAs 
from transfectants of AML 49 and 77 (Fig. 4B). The probe 
N13-p2/c did not hybridize with any of the transfectants (Fig. 
4C) or with any of the separated oligomers, to control MOLT-4 
DNA or to 10 genomic copies of the plasmid pAT8.8 (refs 13, 
24), which contains the wild-type sequence at codons 12 and 13 
(lane p). From these results we conclude that the N-ras gene 
in transfectants of AML 1 and 33 DNA contains a GAT codon 
13, substituting Asp for Gly, whereas the transfectants from 
AML 49 and 77 contain a GTT codon 13, encoding Val. Recently, 
we found that AML 73 also hybridized specifically with N13- 
p2/b and thus contains a Val at position 13 (data not shown). 
The fact that the transfectant DNAs form fully matched hybrids 
with different members of the N13-p2 group is further evidence 
for the specificity of the hybridization, as each DNA now serves 
as a control for the other. There is no apparent correlation 
between the classification of the AMLs and the amino-acid 
substitution: AMLs 1 and 33 (Asp) were classified on the FAB 
scheme as M4 and MI respectively, whereas AMLs 49, 73 and 
77 (Val) were classified as M5, M2 and М4 respectively. 
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“Fig. § Hybridization of N13-p2 (A) and: NI2-wt (B) oligomer 
probes 10 genomic DNA of isolated blast cells of AML patients 
33,49 and 1, and to genomic DNA of blood cells from AML 
patient 33 after remission (REM33). The differences in hybridiz- 
ation signal between the lanes result from loading differences and 
not from amplification. of the N-ras gene. Arrows indicate the 
position of the N-ras band. Lane p, 20 genomic copies of the 
“plasmid pATS.8. containing the wild-type sequence at codons 12 

and 13 (refs 13, 24). Gel separation and hybridization were as 
described in Fig. 3 legend. 


: ‘Somatic mutation in leukaemic cells 


To exclude the possibility that the mutations at codon 13 were 
acquired during transfection and selection for transformed cells, 
the DNAs from three leukaemias were analysed. DNA was 
. digested with PstI, electrophoresed on an agarose gel and 
hybridized in situ to the oligonucleotide probes N12-wt and 
< N13-p2. Hybridization of the gel to the mutant-specific N13-p2 
© oligomer group showed that all three AML DNAs hybridized, 
“but no hybridization was detected to a sample containing 20 
copies of a plasmid. carrying the wild-type 12 and 13 sequences 
(Fig. 5А): Thus, the DNAs from these original leukaemic cells 
also contain the mutation at codon 13, eliminating the possibility 
thatthe mutations had arisen as a result of experimental manipu- 
lation. 

The availability of DNA prepared from the peripheral blood 
of one patient (no. 33) in remission (REM33) allowed us to 
investigate whether the codon 13 change was present in normal 
cells. Figure 5A shows that REM33 DNA did not hybridize 
with the. N13- -р2. mutant-specific probes. As a control, we rehy- 
bridized the gel with the N12-wt probe and obtained a signal 
with the normal-sequence probe hybridized to REM33 DNA 
(Fig. 5B). Therefore, we conclude that this DNA (and thus the 
normal tissues of the patient) does not contain an altered N-ras 
gene hybridizing with N13-p2, and that the altered N-ras gene 
has arisen by somatic mutation. Hybridization with the normal- 
sequence probe was also obtained with the three DNAs from 

г. leukaemias, which could result from the presence of normal 
. cells in the leukaemic sample. However, the high white blood 
¿cell counts of the leukaemic samples: (54-140 x 10? cells per 1), 
coupled with the high proportion of cells with blast morphology 
(95-100% ), makes it likely that the hybridization signal with 
the N12-wt probe is a result of the leukaemic cells containing 
both a normal and a mutant N-ras gene. The presence of 
amplified copies of the N-ras gene in some transfectants sug- 
^;gested that the position 13 mutations might act in concert with 
© ап increased copy number of the N-ras gene, but examination 
_ of the AML DNAs by Southern blotting shows no evidence of 
. N-ras gene amplification (data not shown). 











Restriction site polymorphism 
“N-ras 13 mutation in AML33 and AML 1 (Gly-Asp) 
inges the sequence GGTGG to GGTGA, which is the recogni- 
tion site for the restriction enzyme Hphl. This new Hphl site 
« Will shorten a 550-bp Poull/ Hphl fragment by 60 bp (see Fig. 6). 
Ме have analysed the original leukaemic DNA of AML 33 and 
: -transfectant DNAs from AMLs 1 and 33 for the presence of this 
*-extra- Hphl site by Southern blot analysis. To that end we have 
compared the length of the Prull/ Hphl fragments in these 
‘DNAs with the lengths of fragments in N-ras genes containing 
m wild-type sequence at and around codon 12 and in a codon 

















































Fig.6 А, Map of Реч and Hphl restriction enzyme sites inand | 
around the first exon of N-ras to show the sizes of fragments 
generated after digestion of the normal N-ras gene and N-ras with 
Asp at codon 13. Restriction enzyme sites аге taken from Brown 
et аі, Hall et al?* and A. Hall (personal communication). B; 
Southern blot analysis to show the altered Peull/ Hphl fragments ` 
resulting from the presence of a new Hph site generated by the 
Asp 13 mutation in the original leukaemic DNA from. patien 
AML 33 and in transfectant DNAs of AML 1 and AML, 33. This : 
new Hphl site results.in a Poull/ Hphl fragment of 490 bp com- 
pared with 550 bp in wild-type DNA (see map). 
Methods. DNA was digested either with Poul or Poull and Hphl; 
electrophoresed оп а 1.4% low. gelling temperature agarose gel. 
and transferred to a nitrocellulose filter. The filter was hybridized 
with the nick-translated 1.0-kb Prull/ Prul fragment of plasmid 
pAT7.8 (refs 13, 24) (see map). DNAs: pAT7.8 is a plasmid: 
containing the BamHI/ EcoRI. fragment: with the first tw 
exons of N-ras cloned from normal DNA", AML 33 is the original 
leukaemic sample, AML 33T a tumour derived after co-transfection 
into NIH 3T3 cells, AML 1T 15 а tumour derived from a focus 
isolated after transfection of NIH 3T3.cells with AML 1 DNA (note: 
that this is a different transfectant from that used in Figs 3, 4 and | 
5 and contains fewer copies of N-ras); KG1-T (a transfectant from . 
KGI DNA that contains а position 12 mutation: J. W.G (8 
J.L.B., unpublished). j 


12 mutant (for details see Fig. 6 legend). The digestion of 
plasmid, pAT7.8, cortaining the first and second exons ofa’ 
normal N-ras gene’ and of a transfectant, KG-1T, mutated at 
codon 12 (J.W.G.J. and J.L.B., unpublished results) generates 
а 550-bp Poull/ Hphl fragment and a 450-bp Hphl/ Pull frag 
ment when hybridized with a probe of the Prull/ Pvull frag- 
ment of pAT7.8 (Fig. 6). However, when DNA from AML33 
is digested with Poull and Hphl, а novel 490- bp fragment, a 
well as the 450- and 530-bp Нрћ1/ Poull fragments, is detected 
The presence of both the 550-bp and the novel 490-bp fragme 
confirms our observation with oligonucleotide probes that thi: 
DNA contains N-ras genes with both a wild-type codon 13 an 
an Asp 13 mutation (compare Fig. 5). Southern blotting of ғ 
transfectant from AML 33 (AML33-T) and а transfectant о] 
AML 1 (AMLI-T) shows that these contain only the novel. 
490-bp and the 450-5р Hphl/Pvull fragments as expected 
because transfectants will contain only the mutated transforming: 
N-ras allele. As a new Hphl site could not have been generated 
by a mutation in codon 12, the restriction enzyme analysis 
confirms the observations with oligonucleotide probes tha 
AML 1 and AML 33 contain a codon 13 mutation of Gly.to Asp, 


Discussion 


We have found that DNAs isolated from AML contain alt 
N-ras genes. These activated oncogenes have also been de 
in three other samples of AML cells from patients: j 
AML cell lines, HL66 (ref. 28), Rc2a and KG-1 He 38); and | 








dished results): Why there should be a bias towards activation 
of N-ras genes in these leukaemias is not clear, but it is 
noteworthy that also in cell lines of acute lymphoblastic 
leukaemia, N-ras normally seems to be the activated ras 
oncogene^^??, N-ras, rather than the other ras genes, may be 
critically involved in the control of proliferation and differenti- 
ation of cells in the haematopoietic lineage. Alteration of this 
gene may then lead to the malignant state of the cells. The 
activation of the same ras oncogene in multiple isolates of 
similar tumours is reminiscent of findings that there is a repro- 
ducible pattern of ras gene activation in tumours induced by 
the same carcinogenic agent*'*?. Therefore, a specific car- 
cinogenic agent may be responsible for the N-ras activations in 
AML. 

Unlike previously described examples of ras gene activa- 
. tion", we have not found mutations in codons 12 or 61. 
. Instead, we have observed that mutations occur in codon 13, 
resulting in a replacement of Gly by either Val or Asp. One 
example of a codon 12 and a codon 61 mutation in AML cells 
has been noted previously! "^*^ but, as only ~ 10-20% of malig- 
nancies seem to contain ras genes with mutations at codon 12 
or 61 (for example, see ref. 16), the absence of codon 12 or 61 
; mutations in the samples we have analysed may result from the 
. comparatively small sample size. The detection of codon 13 
mutations in our samples of AML raises the question of why 
they have not been seen before. If codon 13 changes are restricted 
to AML, then they may. not have been reported previously 
“because only two mutant N-ras genes have been characterized 
from АМ”? Furthermore, most of our samples were of FAB 
“subtypes M1, M4 and М5, which have not been studied before. 
A restriction of codon 13 mutations to AML would imply that 
here is some constraint on the type of N-ras mutation in AML. 
uch a constraint could arise through the mechanism of mutation 
through selection for the type of alteration in p21 protein. If 
-codon 13 mutations are found in other malignancies, it is surpris- 
ing that they have not been reported previously. 
© Our experience indicates that N-ras codon 13 mutants can 
be relatively inefficient in inducing foci. Although foci were 
detected in one laboratory with a DNA, AML 1, containing Asp 
13 (ref. 38), they were not detected in another laboratory with 
"DNA containing the same mutation, AML 33 (D.T. and C.J.M., 
unpublished results). This discrepancy has now been resolved 
by the observation that when the focus assays were kept for 
longer, foci induced by DNA derived from AML. 33 were 
apparent 19-20 days after transfection but not at the usual time 
of examination at 15-16 days. However, foci from DNAs con- 
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assays for 20 days. Cells cultured from tumours resulting from 
co-transfection with DNAs containing the Asp 13 mutation also 
look more transformed than those that contain Val 13 mutants 
(D.T. and C.J.M., unpublished). These results are consistent 
with the idea that Val 13, which is an activating mutation not 
identified previously'5, and perhaps Asp 13 in N-ras, are rela- 
tively weak transforming alleles for NIH 3T3 and may be more 
difficult to detect than codon 12 or 61 mutations. 

Our observation of multiple cases of mutations at codon 13 
suggests that the activation of the N-ras gene at this site is an 
essential step in causing these AMLs. However, it is unlikely 
that the activation of the N-ras oncogene is the only. step 
involved in the genesis of AML, because much evidence favours 
the argument that changes to more than one gene are involved 
in neoplastic transformation (see ref. 1 for review). Furthermore, 
specific chromosome translocations and other aberrations are 
associated with AML**. These chromosome aberrations occur 
at sites distinct from the 1cen- 1p21 chromosomal site of N-ras?* 
and separate aberrations are found in the different subgroups 
of AML. For example, a translocation, t(8 ;21), is found in AML 
M2 and an inversion of chromosome 16, invi6, in AML M4 
with increased eosinophils (see ref. 35 for review). In contrast, 


we have found activation of N-ras in samples of AML from ^ 


four different subgroups (МІ, M2, M4 and М5); thus, the 
activation of N-ras seems to be affecting a process that is 
essential to all cells in the myeloid lineage, whereas the chromo- 
some aberrations affect genes whose activities are more limited. 

For the analysis of the N-ras mutations, we have used a set 
of specific oligonucleotide probes. This assay system is not only . 
powerful in the detection of mutations in.transfectant DNAs 
but also in the detection of specific mutations in tumour DNA. 
Using this assay system and the Hphl polymorphism generated 
by the Asp 13 mutation, we are currently analysing a large. 
number of AML DNAs to gain more precise insight into the. 


occurrence of different ras gene mutations in this leukaemia. 


This work was supported by grants to J.L.B. and М.У. de V. S 


from the Directorate-General of the Ministry of Welfare Health — 


and Cultural Affairs and the Directorate-General of the Ministry © 


of Housing, Planning and Environment of the Netherlands, t0 


D.T. and C.J.M. from the Leukaemia Research Fund of Great 
Britain and to J.W.G.J. and A.C.M.S. from the Netherlands. 
Cancer Foundation (Koningin Wilhelmina Fonds). We thank 
Dr D. Valenzuela for cellulose acetate strip separation of oligo- 
nucleotides, Dr В. Powles and Ms V. Sheppard for AML samples . 
33, 49, 73, 77 and 50, and B. Gwynne and J. Dodd for assistance 
with animal experiments. 


20. Blair, D. G., Cooper, C. S., Oskarsson, M. K., Eader, L. А. & Vande Woude, G. F. Science 
218, 1122-1124 (1982). 

21. Seeburg, P. H., Colby, W. W.. Capon, D. J., Goeddel, D. V. & Levinson, A. D. Nature 312, -: 
71-74 (1984). 

22. Southern, P. J. & Berg, P. J. molec. appl. Genet. 1, 327-341 (1982). 

23. Fasano, O., Birnbaum, D., Edlund, L., Fogh, J. & Wigler, M. Molec, cell, Biol. 4, 1695-1705 E 
(1984). pus 

24. Hall, A Marshall, C. J., Spurr, М. К. & Weiss, R. A. Nature 303, 396-400 (1983). 

25. Conner, B. J, er al. Proc. natn. Acad. Sci, U.S.A. 80, 278-282 (1983), 

26. Maxam, A. & Gilbert, W. Proc, natn. Acad. Sci, U.S.A. 74, 560-564 (1977). 

27. Eva, A., Tronick, S. R., Gol, R. A., Pierce, J. Н. & Aaronson, S. A. Proc, natn. Acad. Sci 
U.S.A. 80, 4926-4930 (1983). 

28. Murray, M. J. er al. Cell 33, 749-757 (1983). 

29, Gambke, C., Signer, E. & Moroni, C. Nature 307, 476-478 (1984). 

30. Souyri, M. & Fleissner, E. Proc. natn. Acad. Sci. U.S.A. 80, 6676-6679 (1983). 

31. Sukumar, S., Notario, V., Martin-Zanca, D. & Barbacid, M. Nature 306, 658-661 (1983); | 

32. Balmain, A. & Pragnell, Т B. Nature 303, 72-74 (1983). 


33. Guerrero, L, Calzada, P., Mayer, A. & Pellicer, A. Proc. nam, Acad. Sci, U.S.A, 81, 202-205: : 


(1984). 
34. Moroni, C., Hall A. & Gambke, C. Proc. natn. Acad, Sci. U.S.A. (in the press). 
35. Yunis, J. J. Science 221, 227-236 (1984). 3 
36. Davis, M., Malcolm, S., Hall, A. & Marshall; C. J. EMBO J. 2, 2281-2283 (1983). 
37. Marugg. J. E. et al Nucleic Acids Res. 12, 8639-8651 (1984). 
38. Janssen, J. W. G., Steenvoorden, А. С. M., Collard, J. & Nusse, R. Cancer Res. (in the press). 

















Meteorites may follow a chaotic 
route to Earth 
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It is widely believed that meteorites originate in the asteroid belt, 
- but the precise dynamical mechanism whereby material is trans- 
_ ported to Earth has eluded discovery. The observational data for 
the ordinary chondrites, the most common meteorites, impose 
_ Severe constraints on any proposed mechanism. The ordinary chon- 
| -drites are not strongly shocked, their cosmic ray exposure ages 
^. are typically «20 Myr, their radiants are concentrated near the 
,,antapex of Earth's motion and they show a pronounced ‘afternoon 
excess’ (for every meteorite which falls in the morning two fall in 
е afternoon). Wetherill’ concluded that these data could only 
be explained by an “unobserved source" of material with perihelia 
“near 1.0 AU and aphelia near Jupiter. His subsequent, more soph- 
isticated investigations have not changed this. basic conclusion. 
Recently I have shown?? that there is a large chaotic zone in the 
phase space near the 3/1 mean motion commensurability with 
-> Jupiter and that the chaotic trajectories within this zone have 
particularly large variations in orbital eccentricity. Since 
asteroidal debris is quite easily injected into this chaotic zone, it 
could provide Wetherill’s ‘unobserved source’ if chaotic trajec- 
-tories which begin at asteroidal eccentricities (e < 0.2) reach such 
large eccentricities that Earth's orbit is crossed (е > 0.57)*. In this 
report I present a numerical integration which demonstrates that 
'at least some of these chaotic trajectories do have the properties 
: required to transport meteoritic material from the asteroid belt 
: to Earth. Combined with the Monte Carlo calculations which show 
< that the resulting meteorites are consistent with all the observa- 
“tional constraints, the case for this chaotic route to Earth is fairly 
strong. 

Wetherill^* has completed an extensive new Monte Carlo 
study to determine the meteoritic yield from this chaotic zone, 
with. some. reasonable. assumptions: concerning the actual 

dynamics. He assumes that on a timescale of 10° years, chaotic 
< trajectories evolve to become Earth-crossing. During much of 
this time the trajectories are Mars-crossing. He estimates that 
there is a 50% chance that the material will become Earth- 
crossing before Mars removes it from the chaotic zone. (It has 
been suggested previously! that meteorites could be brought to 
¿Earth from the 3/1 resonance with the assistance of Mars. The 
timescale for this process is, however, longer than the time for 
. collisional disruption of meteorite-sized bodies, and fragments 
from any larger bodies which have taken this route will not 
Satisfy the orbital constraints for the ordinary. chondrites. It is 
"essential, therefore, that trajectories can become Earth-crossing 
without the assistance of Mars.) Once the fragment becomes 
Earth-crossing, however, perturbations from Earth remove it 
from.the chaotic zone in 10* years, the approximate duration 
-of the Earth-crossing spikes in eccentricity. With this assumed 
dynamical input, the subsequent evolution is followed with the 
«Monte Carlo method*?. Wetherill’s model includes planetary 
~ close encounters, secular resonances, collisional destruction in 
space and atmospheric ablation. He concludes that major quan- 
'tities-of asteroidal fragments from bodies adjacent to the 3/1 
_ gap can be transferred to Earth. His computed flux is comparable 
| зе observed flux of ordinary chondrites. The afternoon excess 
of meteorite-sized fragments obtained directly from the chaotic 
ne is too large, but when the fall-times of these fragments are 
combined with the fall-times of fragments obtained from larger 
: objects derived earlier from the 3/1 gap, the predicted fall-time 
ratio. agrees with the ordinary chondrite value of 2/3. Similar 
agreement is found for the other observable parameters. 
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Greenberg and Chapman”? have also considered the con 
sequences of this transport mechanism; while they also comput 
a flux of chondrites consistent with the observed flux, thei 
physical assumptions and methods are quite different from those. 
of Wetherill. The purpose of this letter is not to enter that debate 
but to make firm the dynamics on which it is based. If trajectories 
in the 3/1 chaotic zone do not have the required properties the 
discussion is moot. 

In this article ‘chaotic behaviour’ refers to deterininiótio sol 
utions of hamiltoniar systems of equations that behave errati- 
cally and show sensitive dependence on initial conditions (posi 
tive Lyapunov characteristic exponent). On theoretical 
grounds'', a chaotic zone is generally expected to be associated | 
with each commensurability in a dynamical system, though these 
chaotic zones are often microscopically small. Using Schubart’ s 
numerical averaging procedure", Giffen” showed that the 2/1. 
commensurability in the planar-elliptic restricted three-body 
problem is accompanied by a sizeable chaotic zone. Scholl апа. 
Froeschle!*'? extended: Giffen's work to the other principal 
commensurabilities; while they found chaotic behaviour nea 
the 3/1 commensurability, they concluded that the chaotic zo! 
was small and unimportant. In fact; there is a large chaotic zone 
near the 3/1 commensurability, and trajectories within this zon 
have the peculiar property. that their orbital eccentricity сап. 
remain low (e<0.1) for as long as a million years and then 
suddenly assume very large values (e>0.3)?". The long-term. 
evolution of a typical chaotic trajectory has bursts of low eccen 
tricity behaviour followed by bursts of high eccentricity 
behaviour, each of apparently random duration. Furthermore, 
when the effects of phase mixing are removed, the boundaries 
of the 3/1 Kirkwood gap correspond, within the errors of the 
asteroid orbital elements, to the boundary in the phase spac 
of the chaotic zone. The 3/1 Kirkwood gap can be explained 
entirely by removal of the highly eccentric chaotic orbits anc 
the also highly eccentric quasiperiodic librators by collision 
with Mars and, as reported here, Earth. 

These discoveries depended on the development of a new 

‘mapping’ technique for studying the long-term evolution of | 
trajectories near commensurabilities that is approximately 1,000 
times faster than all previous methods. This method is appro 
mate (as are the methods used in earlier studies), but the essential | 
features of the picture presented above have been verified b 
conventional numerical integrations of the exact equations o 
motion for the planar-elliptic restricted three-body problem’. I 
particular, the width of the chaotic zone is in perfect agreemen 
with that found using the mapping method. Even at eccentricities | 
as high as 0.4, the trajectories using the mapping and the exact. 
solutions are in good qualitative agreement, ever though fourth: 
order terms in eccentricity are neglected in the disturbing func 
tion. Independent investigation has confirmed this qualitative 
agreement! | 

In the planar- -ellipzic problem, the eccentricity of chaotic 
trajectories which begin at asteroidal eccentricities (e «0.2 
seems to be limited to values <0.5; this is large enough for the 
trajectories to Бе Mars-crossing but not Earth- -crossing 
However, in the three-dimensional elliptic problem, chaoti 
trajectories computed with a mapping reach much larger eccen 
tricities, large enough to be Earth-crossing (е > 0.57). Now th: 
approximations used to derive the mapping are certainly invalid 
at such large eccentricities, but the success of the planar mapping 
at eccentricities as large as 0.4 encourages one to take these high 
eccentricities seriously. The actual eccentricity limit can be deter- 
mined only by numerical integration of the exact equations of. 
motion. Such integrations are time-consuming, but the answer 
is vital to our understanding of the origin of meteorites.. 

One approach to this problem is simply to integrate a chaoti 
trajectory until it reaches Earth- -crossing eccentricities, 
Experience with the mapping, however, indicates that this 
take several million years. Furthermore, not all chaotic 
tories are equivalent; there is an integral which di 
chaotic zone into a one-parameter family of chaotic zone; 





































































ations.for any chaotic trajectory. It might then be necessary to 
integrate several chaotic trajectories for several million years to 
find the Earth-crossing route. This approach is not practical 
without a.dedicated computer. Instead, I have sought, by trial 
апа error, trajectories which begin near that point in the phase 
"space where transitions from low eccentricity behaviour to high 
“eccentricity behaviour occur, with as much guidance from the 
mapping as I have been able to glean. (While the mapping does 
г give the correct qualitative behaviour, the correspondence is not 
precise enough to directly determine initial conditions.) 
`> The numerical integrations include the Sun, the four major 
-planets and a test body. Pluto is clearly not important because 
of its small mass. The inner planets are included with the Sun. 
-Tam attempting to show that the long-term evolution of a chaotic 
trajectory without close planetary encounters will bring material 
within the influence of Earth's gravitational field. It seems fair 
“to ignore Earth until this is the case. The neglect of Mars 
-perturbations is clearly more serious. I argue that Mars substan- 
tially affects the solution only during close encounters and that 
these close encounters may be taken into account after the fact 
Cán. a. statistical’ manner, much as Wetherill® has done. (His 
approach may not be entirely satisfactory. As mentioned pre- 
viously, there is a family of chaotic zones, not just one. Minor 
encounters. with Mars will be sufficient to cause a shift from 
one member of this family to another without removing the 
trajectory entirely from the chaotic zone. Several such shifts 
may occur before Earth is reached. Nevertheless, such trajec- 
tories would essentially be injected directly into Earth's control. 
Thus this. synergism between Mars perturbations and chaotic 
dynamics is qualitatively different from previously proposed 
mechanisms’ that rely on Mars perturbations to assist in the 
transfer of material from the Kirkwood gaps.) 

The integrations were performed in equatorial rectangular 
coordinates referred to the mean equinox and equator 1950.0. 
The origin was the baricentre of the Sun and four inner planets. 
The unit of time was 40 mean solar days; the origin of time was 
taken to be 1982 August 19.0 (JD 2, 445, 200.5). The extrapolation 
algorithm. of Bulirsch. апа Stoer” was used to perform the 
integrations.. The relative accuracy per integration step was 
chosen to be 107 ''; the variable integration step was of the order 
of 1 yr. The twelfth-order Cowell method used by Cohen et al,"* 
‘in their 1-Myr integration is less satisfactory when the eccen- 
tricities are large as in the integrations reported here. The initial 
conditions for the major planets were obtained from those used 
by Cohen et al; by numerical integration from their origin of 
me (JD 2,430,000.5) to mine. Their initial conditions for the 
iajor planets were in turn taken from the work of Eckert et 
а, where the equations of motion can be found. No effort 
has been made.to correct the initial conditions to properly 
account for my removal.of Pluto. Because of the large Pluto 
mass used by Eckert et al. this introduces a relative discrepancy 





we do not accurately know the extent of the eccentricity vari- 
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Fig. 1. The eccentricity (e) as a function of time (1, in millennia) 
plotted for the chaotic trajectory, which at times is deep in the 
asteroid belt (when e « 0.15) and at other times is strongly Earth- 
crossing (е > 0.6). The time origin is 1982 August 19.0. 


of one part in a million in the Cartesian coordinates just in the `; 
integration from their origin of time to mine. (1 have verified, 
however, that when Pluto is included the program satisfactorily i 
reproduces the tables of Eckert et al.'°.) The accuracy of these 
numerical. integrations was tested directly by integrating the 
planets forward with one test meteoroid 170,000 years, and then 
integrating them back to the time origin with a different meteroid 

on an independent trajectory. Since the time step chosen by the 
integrator is mainly determined by the eccentricity of the 
meteoroid, these two integrations are completely independent. 
The initial conditions of the major planets were reproduced to .. 
one part in 10*. The skeleton of the integration is thus adequately 
represented. 

It is well known that chaotic trajectories are difficult to follow 
precisely. In a chaotic zone neighbouring trajectories separate 
exponentially with time, and consequently so do round-off 
errors. Fortunately, the rate of this exponential separation is 
rather small for the 3/1 chaotic zone? ; nevertheless, even a small. . 5 
exponential growth of errors is unbeatable. Now it has been 
argued” that even though any particular trajectory cannot be 
followed precisely, the qualitative behaviour of the trajectory 
will be correct if reasonable care is taken and furthermore that 
a true trajectory can be found which shadows the computed 
trajectory. This is not as wild a claim as it may seem, for it has: 
been proven for the special class of Anosov dynamical systems. 

Itis probably not strictly true for Hamiltonian systems in general, 

but most people who study chaotic behaviour in dynamical 
systems believe that it is practically true. The actual rate of 
separation of nearby trajectories in the 3/1 chaotic zone allows 
strict confidence to be placed in segments of 80,000 years. Over 
longertimes we may only hope that some true trajectory shadows 








Table 1 Equatorial frame coordinates and velocities at JD 62043200.5 








x 
(Au) 
Meteoroid 0.262137541577 x 10! 
Jupiter —0.351023142831 x 10! 
saturn 0.777797463489 x 10° 
Uranus —0.748876946495 x 10! 


Neptune 





1 Neptune | 





0.287412144601 x 10? 


x 
(Au/40 days) 
Meteoroid 0.311286716224 x 10° 
Jupiter —0.212645617591 x 10? 
Saturn 0.232711603323 x 10? 
Uranus 0.145063206654 x 10° 


—0.382851184016 x 10^! 


У 2 
(Au) (Ай) 
—0.949476934922 x 10? —0.179096284774 x 10° 
0.339348310152 x 10! 0.151726945011 x 10! 
—0.824734443595 x 10! —0.369212909944 x 10! 
—0.165985490544 x 107 —0.644552105739 x 10! 
0.842938531215 x 10! 0.260621846977 x 10! 
y i 
(Au/40 days) (A0/40.days) 
0.216759866523 x 10? 0.772871903870 x 10! 
—0.206291875136 x 10? —0.807809459066 x 107! 


0.234902479708 x 107! 
—0.519858201645 x 107! 


0.109983656044 x 10? 


0.286504328835 x10? 
—0.249322339022 x 107% 
0.465724813196 x 107! 






















_ the computed trajectory. In any case 80,000 years is long enough 
_ Чо cover the most interesting behaviour. 
- I have made five numerical integrations, each spanning 
500,000 years. The initial conditions were chosen in the chaotic 
zone as determined by the three-dimensional mapping. The 
initial eccentricity for the first four was 0.15, the mean eccen- 
tricity of the asteroids; for three of these the resulting peak in 
eccentricity was between 0.5 and 0.54, insufficient for Earth- 
crossing. Earth's maximum aphelion occurs at 1.07 AU (ref. 21); 
for semimajor axes near the 3/1 commensurability (a = 2.5 AU) 
гап eccentricity of 0.57 is required to just graze this distance. 
The results of the first three integrations were encouraging but 
not sufficient. The fourth integration, however, reached an 
, eccentricity of 0.564 after 170,000 years. Its initial conditions 
(JD 2,445,200.5) were: semimajor axis a = 0.4816а,, eccentricity 
€ 0.15, inclination = 5°, mean anomaly M = 180^ -- 3M, longi- 
"сшде of perihelion о = w, and longitude of ascending node 
(o£ my. These elements are heliocentric osculating elements 
_ felative to the equinox and ecliptic 1950.0, and the subscript J 
_ tefers to Jupiter. These initial conditions are on the representa- 
tive plane?. This trajectory came so close to Earth-crossing 
(0.01 AU) that it appeared possible to change the coordinates 
enough to make it Earth-crossing and still remain in the chaotic 
zone. The first attempt to do this was, however, unsuccessful. 
The resulting trajectory was clearly quasiperiodic in nature. With 
a somewhat smaller increase in eccentricity, however, the route 
to Earth was found. 
: The initial conditions for this chaotic trajectory are given in 
- Table 1. The trajectory was integrated both forward and back- 
©, ward in time from that point. The eccentricity as a function of 
¿> time (in millennia) is shown in Fig. 1; the peak in eccentricity 
occurs near 1— 340,000 уг with the value ema, = 0.652; the 
. minimum perihelion distance is q,,, —0.861 AU, which is 
strongly Earth-crossing. The peak near t = —20,000 yr has Emax = 
0.632 and qmin = 0.910 AU. The minimum in eccentricity occurs 
near ¢=60,000 yr during a short burst of low eccentricity 
. behaviour with the value emi» = 0.089; this value is lower than 
the mean eccentricity of the asteroids, The semimajor axis 
remains between 2.47 AU and 2.53 AU as expected. The inclina- 
tion to the ecliptic varies between 1? and 8? in a way that is not 
obviously correlated with the eccentricity. The behaviour of the 
resonant argument с = [--2w — 311, where l is the mean longi- 
_tude, is very- complicated. During the eccentricity spikes it 
librates about a slowly varying centre which makes one revol- 
ution during the spike; during the low eccentricity bursts it 
circulates. The behaviour of the semimajor axis is correlated 
with the resonant argument: during the eccentricity spikes the 
semimajor axis oscillates across its full range of variation, but 
. during the low eccentricity bursts it alternately oscillates on one 
_ Side or the other of the centre of that range. This behaviour is 
= familiar from the mapping studies, and consistent with the 
| qualitative picture of these bursts presented previously. The 
maximum Lyapunov exponent for this chaotic trajectory is 
А 2:102 yr), 
The peak in eccentricity that occurs near 170,000 years, near 
our starting point, has emas = 0.583 and gmin = 1.034 AU. Since 
min 18 less than: Earth's maximum aphelion of 1.07 AU I was 
* initially satisfied that this trajectory was indeed Earth-crossing; 
on closer examination this turned out not to be the case. 1 first 
checked that the argument of perihelion (the angle between the 
longitude of the ascending node and the longitude of perihelion 
“was satisfactory. It turns out to be correlated with the peaks in 
. eccentricity, and to be ideally placed for Earth-crossing (near 
* zero). If it had been near 90° when the eccentricity was large, 
_ then Earth's orbit would not intersect the meteoroid's orbit—the 
- meteoroid's orbit would have crossed the ecliptic near Mars. 
However, a more subtle avoidance mechanism was operative. 
uring the peaks in eccentricity the longitude of perihelion 
igns with Jupiter's longitude of perihelion. Although it is not 
commonly known, Earth's perihelion is also correlated with 
piter's perihelion. Earth's maximum aphelion distance always 
occurs when the perihelia of Earth and Jupiter are aligned. Thus, 
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if the meteoroid and Earth are both near their maximum ecce 
tricities, their orbits are aligned so that no crossing occurs. It 
a simple matter to caiculate from Brouwer and van Woerkom 
solution? of the secular motions of the planets that when Earth 
perihelion is anti-aligned with Jupiter's perihelion, Earth's 
maximum aphelion is only 1.031 Av. During this peak the 
meteoroid came quite close to Earth, but “Ап inch is good | 
a mile". Nevertheless, the other peaks in eccentricity are strongly 
Earth-crossing and no avoidance mechanism is operative 
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The presence of carbon in primitive extraterrestrial materials has” 
long been considered a useful indicator of prevailing geochemical - 
conditions early in the formation of the Solar System. A recent 
addition to the suite of primitive materials available for study by. 
cosmochemists includes particles collected from the stratosphere | 
called chondritic porous (CP) aggregates'. Carbon-rich CP aggre- 
gates are less abundant іп stratospheric collections and contain 
many low-temperature phases (such as layer silicates) as minor 
components^, We describe here the nature of the most abundant - 
carbon phase in a carbon-rich CP aggregate (sample no. W7029*A) 
collected from the stratosphere as part of the Johnson Space 
Center (JSC) Cosmic Dust Program’; By comparison with experi- 
mental and terrestrial studies of poorly graphitized carbon (PGC), 
we show that the graphitization temperature, or the degree of 
ordering in the PGC, may provide a useful cosmothermometer for 
primitive extraterrestrial materials. x 
A detailed analytical electron microscope (AEM) investiga- 
tion of CP aggregate W7029*A has established that parts of this 
aggregate experienced nominal flash-heating no higher than - 
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~ 300-400 °С during atmospheric entry and that terrestrial con- 
tamination of the aggregate was not significant’. The fluffy 
‘morphology and chondritic bulk composition of CP aggregate 
7029*A. as well-as unique mineralogy, are reliable indicators 
of its extraterrestrial origin”’. A modal analysis of 224 grains 
rom this CP aggregate shows that ~45% are carbon-rich phases 
and ~30% are low-temperature phases (such as layer silicates, 
geothite and sulphides). Further details on the mineralogy of 
minor phases in CP aggegate W7029*A, as well as collection, 
curation and processing procedures at the JSC Curatorial Facil- 
ity are given elsewhere (refs 3, 5 and refs therein). Data on CP 
aggregate W7029*A were obtained with a JEOL 100CX AEM 
operating at 100kV and equipped with a Princeton Gamma 
. Tech System IV energy dispersive spectrometer (EDS). Electron 
energy loss spectrà (EELS) were collected with a Gatan spec- 
rometer attached to a Philips EM 420 AEM operating at 120 kV. 
he interlayer spacings obtained from calibrated electron 
diffraction patterns and listed in Table 1 for CP aggregate 
$7029* A b^ve a relative error of 1%. 
«C .Carbon-rich particles in CP aggregate W7029* A form separate 
clump-like masses. (EDS analyses of 65 clumped masses are 
consistent with materials in which elements with atomic number 
10 ате absent. In addition, electron energy loss spectroscopy 
selected clumped masses confirmed the presence of carbon 
only.) Carbonaceous material with similar morphologies have 
een described in two CP aggregates containing silicate and 





Fig. 1 Examples of carbon particles in CP 
aggregate W7029*A. a, TEM image of clumped 
carbon particle with granular areas along the 
margin. b, SEM image of the same carbon par- 
ticle as a, but tilted to show individual plates 
and granular strings (arrowed). c, TEM image 
of granular particle showing two-dimensional 
fibrous domains (arrowed). d, TEM image of 
an open, fluffy granular cluster with three small 
sheets (arrowed) and its typical SAED pattern 
of diffuse rings (inset). Scale bars, 0.5 шт. 


magnetite platelet grains". Figure 1a, b shows transmission and 
scanning electron microscope (TEM and SEM) images of a 
typical carbon particle in CP aggregate W7029* A. The clumps 
of carbonaceous material range in size from 0.2 х0.3 pm to 
1.5 x 2.0 pm. These clumped masses appear to consist of stacked |. 
sheets with lobate circumferences and may have a ragged. ae 
topography (Fig. 1b). Individual sheets may be decorated by | 


fine-scale (0.01-0.05-~m diameter) granular carbonaceous к. 


material. These granules may coalesce to form decorative strings 
around and up on individual sheets, or may form larger granular — 
clusters with an open, fluffy texture (Fig. 1с, d). Within these 
granular clusters, small sheets are occasionally observed (see 
Fig.1d). TEM images of the clumped masses show two- . 
dimensional fibrous domains (100-1,400 A long and 45-60 А 
wide), open, randomly oriented loops and subcircular structures 
~150-500 A in diameter. Selected area electron diffraction 
(SAED) patterns of the granular clusters from CP aggregate 


W7029*A show broad, diffuse rings (inset, Fig. 1d) and have 
7. 


002, 10/ and 111 interlayer spacings consistent with PGC’. Іп 


addition, the range and type of morphologies observed for the 
carbon phases in CP aggegate W7029*A are similar to thos: 
observed for PGC formed by carbonization, that is the removal: 
of oxygen and nitrogen, and subsequent graphitization of hydro- 
carbons??, IUS 

Other primitive extraterrestrial materials, particularly the car- | 









bonaceous chondrites, contain variable amounts of carbon... 


Table 1 interlayer spacing, dimensions of the graphite component and fraction of ordered layers in PGC in three carbonaceous chondrites and 
CP aggregate W7029*A 





3.50 (3.47-3.53) 


L, (A) <100-1,400 
L,(À) 45-60 
Polygonal and subcircular structures (À) 150-500 
<> Fraction of ordered layers (р) 0 


ТЕ 
orysiallites. 


CP aggregate W7029*A 


Carbonaceous chondrites 





Orgueil (CD Cold Bokkeveld (CM) Allende (CV) 


3.8 (3.5-4.1) 3.6 (3.4-3.9) 3.47 (3.39-3.5) 
60-200 100-420 190-270 
150-1,000* 
20-40 35-140 60-100 
2,000-3,500 1,500-2,000 100-150* 
0 26 35 


еы per e tegen 
Meteorite data are from refs 7, 10* and CP aggregate W7029*A data from the present study. The number of samples for Orgueil, Cold Bokkeveld.. 
meteorites апа CP aggregate W7029*A is опе; for the Allende meteorite five samples are used. In each sample, a larger numiber of individual 
cles have been studied (for example, 65 in the aggregate). Note that the true length of fibrous crystallites (L,} may be greater because lattice. . 
an only be observed if the graphite basal reflection (doo) is parallel to the incident electron beam. La, the width (= thickness) of fibrous” | 
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Fig. 2 a, Average doo. interlayer spacing (A) in 
naturally occurring poorly graphitized carbon in terres- 
trial metamorphic rocks plotted against temperature 
(°C). The shaded area denotes uncertainty in the data 
Sources. @, ref. 11; Wl, ref. 13; A, ref. 14. b, doo; interlayer 
spacing in PGC from carbonaceous chondrites and from 4.00 
CP aggregate W7029*A plotted on the curve for PGC 
in terrestrial metamorphic rocks. 
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phases. AEM studies of acid residues of the Allende CV 
meteorite show that carbon phases form as tangled, fibrous 
(graphitic) crystallites, or aggregates of crystallites, in a feature- 
less (possibly amorphous) matrix!?. Subcircular to polygonal 
concentric structures with the graphite basal plane spacing were 
also observed!?. SAED patterns from carbonaceous material іп 
the Orgueil (CI), Cold Bokkeveld (CM) and Allende (CV) 
meteorites have been obtained by Lumpkin’. These SAED pat- 
terns typically show broad rings corresponding to the 002, 101 
and 111 reflections of turbostratic carbon, ог PGC. 

The average donz interlayer spacings for each of these primitive 
materials and for CP aggregate W7029*A are listed in Table 1. 
For the Orgueil, Cold Bokkeveld and Allende meteorites the 
size of fibrous crystallites increases uniformly with decrease in 
average dy 2 interlayer spacing (Table 1). In addition, the 
diameter of subcircular to polygonal concentric structures 
decreases from the Orgueil to Cold Bokkeveld to Allende 
meteorite. In Table 1, all four classes of primitive material show 


distinct signatures for the PGC. Our compilation of data suggests. 


that a parameter related to the environment of formation may 
be responsible for the variation in doo; spacing, size and mor- 
phology of PGC in all four primitive extraterrestrial materials. 
There exists a large body of data on the processes of carboniz- 
ation and graphitization*^, in both experimental conditions and 
within natural systems!!. These data provide further insight into 
the probable formation conditions for PGC in CP aggregate 
W7029*A and selected carbonaceous chondritic meteorites. The 
doo? interlayer spacing is a characteristic structural feature of 
poorly ерш carbons which can range from values of 4.8 
to 3.44 A (the average interlayer spacing of extensive, randomly 
stacked graphitic layers) to 3.354 A, the value typical of fully 
ordered hexagonal graphite®. Experimental work has shown that 
this variation in doo; interlayer spacing is temperature-depen- 
dent. Thus, with heat-treatment temperature the dog; interlayer 
spacing steadily decreases from 4.8 to 3.44 À (ref. 8). The sizes 
of tangled graphitic fibres are directly related to the formation 
temperature of poorly graphitized carbon? and increase with 
increased heat-treatment temperature and/or time. These experi- 
тепіѕ are of short duration and use pure starting materials. 
In all experiments, the extent of graphitization of carbon com- 
pounds is strongly influenced by the presence of a catalyst’. 
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A similar temperature-dependency for doo, interlayer spacing 
PGC can be observed in natural terrestrial environments. 
Graphitization in terrestrial rocks may occur over long periods 
of time (millions of years) (long duration of heat-treatment) 
and may also be influenced by an active fluid phase, lithostatic 
pressure or the presence of catalytic minerals (such as silicates 
and carbonates)''. Owing to these influences, in general, the 
temperature recorded by graphitization of PGC in a metamor- 
phic rock"! will be lower than that determined by experiments 
with pure starting materials?. 

Both X-ray diffraction and AEM have been used to study 
graphitization in terrestrial metamorphic rocks!^P-7!?, Using 
data collected with both techniques, we have plotted (Fig. 2a) 
the average dog; interlayer spacings for PGC from a suite of 
metamorphic rocks against their peak metamorphic tem- 
peratures. In all cases, peak metamorphic temperatures used in 
Fig. 2a are those given by the original authors!^!* except for 
the sequence described by French". For these data points, we 
estimated peak metamorphic temperatures using recently pub- 
lished petrological data for these contact-metamorphosed Pre- 
cambrian iron formztions!$?. The ranges of doo, interlayer 
spacings and peak metamorphic temperatures for each data 
point are represented by vertical and horizontal error bars, 
respectively, in Fig. 2a. As we show, the average doo; interlayer 
spacing for PGCs in terrestrial metamorphic rocks decreases 
with increased peak metamorphic temperature up to ~450 °C. 
Above this temperature the carbon phase may become fully 
ordered graphite. 

The mean apparent interlayer spacing (4,0) can be related 
to the degree of order (degree of graphitization), or the fraction 
of sp? carbon layers in PGC. For synthesized PGCs, an 
expression relating the mean apparent interlayer spacing and 
the fraction, p, of ordered layers may be written as d(002) = 
3.44-0.086(1 — p?) (ref. 20).) Using this equation, we have listed 
in Table 2 the calculated degree of order for each natural 
occurrence used to construct Fig. 2a. This tabulation indicates 
that the degree of order determined from average doy, values 
does not vary uniformly with estimated peak metamorphic tem- 
peratures. However, we can understand this variation in degree 
of order for terrestrial rocks if we consider the duration of 
peak metamorphic heating as well as the peak metamorphic 
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Table 2 Interlayer spacing and estimated peak metamorphig, 
temperature for PGC from terrestrial metamorphic rocks. 
Peak metamorphic No. of Degree of 
dao, spacing (A) temperature (°C) observations: order 
Poorly graphitized carbon 
3.75-3 50 200-300 (14) 0 
3,55-3 37 300-375(14,23)  27(14) 0-57 
3.36-3.35 400-500 (14, 23) 74-80 
3.50 3.205 50 (16-19) 8 (13) 0 
3.43 650-750 (16-19) 6 
3.42-3.36 400-500 (11) 8 (11) 12-74 
Fully ordered graphite 
3.35 600-800 (14, 23) 8 (14) 100 
3.36 750-825 (16-19) 8 (13) 100 
3.36 500-700 (11) 8(11) 100 


The numbers in parentheses refer to the source of data. Data points 
from refs 11, 14 are regionally metamorphosed rocks; data points from 
ref. 13 are for contact metamorphic rocks. References 16-19 and 23 are 
used to estimate peak metamorphic temperatures for contact metamor- 
phic rocks in ref. 13 and for regionally metamorphic rocks in ref. 14. 


temperature. For example, graphitization takes place in contact 
metamorphic rocks at —1,000 *C. However, for regionally meta- 
morphosed rocks a comparable degree of graphite order occurs 
at ~600 °C if the duration of metamorphic heating is at least 
1,000 yr (ref. 11). For metamorphic rocks at lower temperatures, 
kinetic factors tend to dominate the graphitization process and 
the range of values for the doo; interlayer spacing may reflect а 
random statistical effect of non-uniform degrees of order within 
a given sample. Thus, it is appropriate to use the average doo; 
interlayer spacing for individual samples to derive graphitization 
temperature, or degree of order. 

The curve in Fig. 2a shows the relationship between the 
average doy, interlayer spacing and peak metamorphic tem- 
perature for PGC in terrestrial metamorphic rocks. In Fig. 2b, 
the values of the doo; interlayer spacing for selected primitive 
extraterrestrial materials are superimposed on this curve for 
terrestrial occurrences. We then estimate graphitization tem- 
peratures for the carbonaceous chondrites at ~190 °C (Orgueil), 
~260 °C (Cold Bokkeveld) and ~335 °C (Allende) and for CP 
aggregate W7029*A at ~315°C. The inverse relationship 
between sizes of fibrous crystallites and diameters of subcircular 
to polygonal concentric structures? in the carbonaceous chon- 
drites (Table 1) is also compatible with higher temperatures for 
Allende compared with the Orgueil meteorite. 

Graphitization temperatures derived from Fig. 2b are higher 
than the calculated accretion temperatures for, carbonaceous 
chondrites: <42-87 °C forC1 and CM chondrites, «127 °C for CV 
chondrites?'. Graphitization in these meteorites may be rea- 
sonably related to post-accretion processes, as graphitization is 
an irreversible process? and the temperatures obtained from Fig. 
2b are probably minimum estimates. The curve in Fig. 2a prob- 
ably averages the effects of all parameters which influence 
graphitization of poorly graphitized carbons on a geological 
timescale. The presence of active catalytic phases will lower the 
graphitization temperature!!, However, unless catalytic activity 
in these primitive extraterrestrial materials was more pronoun- 


ced than in the terrestrial occurrences used for Fig. 2a, the curve . 


in Fig.2b represents graphitization temperatures for PGCs in 
these extraterrestrial materials. If catalytic activity in these 
meteorites and CP aggregate W7029*A was indeed more 
dominant than is assumed for the curve in Fig. 2b all data points 
would shift towards lower temperatures. 

We have shown that graphitization temperatures in terrestrial 
rocks may be a useful guide to the interpretation of graphitized 
carbon occurrences in extraterrestrial materials. The degree of 
graphitization in a suite of primitive extraterrestrial materials 
follows a simple trend which may be related to the duration 
and temperature of peak metamorphic heating during formation. 
Graphitization temperatures recorded in this suite of extraterres- 
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trial materials and derived from terrestrial trends are consistent 
with metamorphic temperatures experieneced after condensa- 
tion of the solar nebula but early in the history of the Solar 
System. Further investigation of graphitization in extraterrestrial 
materials may provide useful constrairits on the formation of 
parent bodies for primitive chondrites and CP aggregates??. 
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The use of stabilized zeolite Y as a cracking catalyst for converting 
petroleum into gasoline, fuel oil and petrochemical feeds is wide- 
spread. During the stabilization process, when the ammonium- 
exchanged form of zeolite Y is heated to high temperatures, 
aluminium is extracted from the zeolite framework'^. The nature 
of this non-framework aluminium has been of considerable interest 
because of its possible influence on the zeolite acidity and thermal 
stability. Indirect information on the nature of the non-framework 
Al (NFA) has been obtained from infrared spectroscopy, X-ray 
diffraction, absorption and nuclear magnetic resonance (NMR) 
studies. To obtain further knowledge of the NFA species, we have 
now performed radial electron distribution studies of H—Y and 
H-Y dehydroxylated in vacuum and steam. These studies suggest 
that the non-framework Al species probably contain edge-shared 
octahedral AL,(O,OH), chains similar to those found in 
NaAlSi O, (jadeite), CaAl,(OH),SiO,  (chantalite) and 
AL(OH);TeO,SO,. 

The loss of Al from the framework and the development of 
octahedral Al is evidenced by (1) infrared spectroscopy from 
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Fig.1 Experimental RDFs for HY (a) and HY-DH (6) Both in 
vacuum; temperatures 300 °С (a) and 650°C (b). 


shifts in the infrared (Si, Al)-oxygen (T-O) stretching frequen- 
cies^?; (2) X-ray fluorescence spectroscopy from shifts of the 
SiKg and AIKB lines'-?; (3) X-ray diffraction from the 
decrease in cell dimensions?^*!^; (4) X-ray structure analyses 
of dehydroxylated Y!^; (5) ?Si-NMR from increases in the 
Si/ Al тайоз!? 7; and (6) "AI-NMR from observation of spectra 
arising from octahedral Al species (refs 18-20 and P. A. Jacobs 
et al, in preparation). Infrared spectra in the OH region 
frequently show weak bands which appear after dehydroxyla- 
tion. These bands are generally believed to result from OH 
groups associated with either the NFA species?! or vacancies 
created during the removal of AI???, There has been no 
unequivocal identification of these bands, but the species 
Al(OH)?*, AI(OH);, AIO*, [AL O;OHT", [AL OT^* and Al(OH), 
(refs 11, 14, 21, 24-29) have been proposed. Recently, ?А!- 
NMR studies have indicated that the NFA species in zeolite Y 
contain octahedrally coordinated Al and are located in large 
cavities after deammoniation at 300°C and are distributed in 
both the large cavities and the sodalite cages after treatment at 
500*C??. A distinction between low-condensed mobile NFA 
species formed at 300-500 °C under shallow-bed conditions and 
higher-condensed, immobile species formed at 500?C under 
deep bed or moist conditions was made by Freude et al.’° and 
Raatz et al”. i 

One sample of Na- Y for use in vacuum dehydroxylation was 
exchanged eight times with 1M NH4Cl to yield NH,-Y- 
containing 0.99% Na (dry basis). Activation was carried out in 
a U-shaped quartz cell containing two 5-cm? frits. NH,-Y (5 в) 
was heated in flowing О, (5 °С тїп!) from 25° to 300°C to 
eliminate all hydrocarbons. The sample was then evacuated and 
held for 15h at 300°C to obtain H-Y. The quartz cell was 
opened in a glove box where 1 g of zeolite was transferred to a 
controlled atmosphere cell used to collect X-ray intensity data. 
The zeolite powder was pressed into a rectangular cavity in the 
inside of the back of the X-ray cell which was filled with Ar 
before removal from the glove box. Vacuum-dehydroxylated Y 
(HY-DHV) was prepared by transferring the H- Y used for data 
collection back to the U-tube, heating the sample to 650°C for 
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Table 1 RDF spectra for non-framework Al species in HY-DH 
d(À) 
HY-DHV HY-DHSt Assignment 
ud 1.86 AI-O, 
— | 240 Al-Os; 
2.87 2.91 Al-Al, О-О 
3.39 3.35 Al-O 
4.12 4.17 АІ-О 
482 4.84 Al-Al, О-О, Al-O 
579 — А1-О, О-О 


6h in a 10? torr vacuum. To minimize possible de-alumination 
by escaping NH; and H,O, care was taken to heat the sample 
in a shallow-bed (1 mm thick) configuration and to increase the 
temperature slowly from 25 to 650 °C under vacuum. The sample 
was then retransferred to the X-ray sample holder in the glove 
box. A further sample of NH,-Y containing 2.2% Na was pre- 
pared for steam  dehydroxylation. NH4-Y was heated under 
100% H,O at 600°C, re-exchanged with NH,CI and reheated 
in 100% H,O at 890°C to give steam-dehydroxylated Y (HY- 
DHSt)*®. r 

The X-ray diffraction patterns were recorded with a stabilized 
Philips diffractometer using a 2,400-W tube with molybdenum 
anode (А(МоКа) = 0.710 A) using a technique described ear- 


I lie?'. The radial distribution functions (RDFs) were calculated 


by Fourier transformation of the scaled intensities as described 
previously? 

The calculations of the RDFs of the Al,O,, clusters were 
made using the computer program RADMOR developed by 
D'Antonio and Konnert?? after modification to run on a VAXS 
11/780 computer. The program is described 1n detail in ref. 33 
but we include above a brief description of the quantities calcu- 
lated and parameters used in our calculations. 

RADMOR calculates the following expression: 


дарда $ y ww SF, exp [-(r— n)"/2e2 (r)]àr 


i R S ro 


where 47р(г) is the probability, weighted by the scattering 
power of the atomic pair ij, (f.f), of finding atoms j-in a shell 
of thickness Ar and radius r, from origin atoms i. w, is the 
occupancy of atom i,f,-f(s-0)/[Lf?(s-0)]7? where—s = 
41 sin 6/A—is the reduced, scattering angle independent, scat- 
tering factor for atom i, r, is the distance between atoms i and 
jand o,,(r) includes both the r.m.s. displacement along n, and 
positional disorder. The first sum is carried out over the n atoms 
in the asymmetric unit for a crystalline material. The second 
sum is carried out over the m atoms in the structure that are 
separated from an atom in the asymmetric unit by less than the 
maximum distance selected for the calculation. For crystalline 
materials, space group transformations and unit cell translations 
are used to generate the atom positions in the second sum. 

The pair correlation function, G(r), for a spherical region of 
radius t is defined as: 


G(r) =4ar[ p(r)/e(r, К) — pole(r, t) 
where for spherical particles e(r, R) is given by: 


3ír l4r : 
= a-- POS +— uus = 
e(r, R) | 1 ( ) =( ) forr<2R 


ri=ljel 


elr, К) «0 forrz2R 


When the input model is an infinite crystal, e(r, Ё) - 1 and 
e(r, t) corrects for the fall-off in scattering near the diameter of 
a finite spherical particle. R is radius of model fragment. 

The disorder parameters ос, = 0.05 at 1.5 A and 0.19 at 10 А 
were based on experimental values for 510, glass obtained by 
Konnert and Karle** and Konnert et al. The RDFs of the 
Al,0,, clusters were obtained using the published atomic co- 
ordinates of jadeite?, chantalite?" and AL (OH)TeO, SO, 2. 
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Fig.2 RDFs for non-framework Al species in HY-DHV (a) and 
HY-DHSt (b) 


Figure 1a shows a plot of 4zr^p(r) against r for H~Y prepared 
at 300°C in vacuum. The peaks were identified by comparison 
with calculated distances from the structure refinement of 
Hs; в Naz 2-Y by Gallezot and Imelik?. The T-O value of 1.653 A 
agrees well with the mean T-O distance of 1.648 A calculated 
for T= А1, 29Sig 7, from 1onic radii? 

The RDF of HY-DHV (Fig. 15) shows significant changes 
in peak position and poorer resolution of the T-T and O-O 
peaks at 3.13 and 2.69 À and 4.39 and 3.86 À, respectively. 

More useful information is obtained, however, from subtrac- 
tion of the HY RDF from the HY-DHV RDF Figure 2a shows 


that this difference spectrum is characterized by peaks at 2.87, ' 


3.39, 4.12, 4.82 and 5.79 À Because NMR studies of Freude et 
al??? show that extensive framework de-alumination occurs 


on dehydroxylation of H-Y at 650°C in vacuum, we attribute . 


the difference spectrum to the non-framework aluminium 
Species. . 

To confirm that the difference spectrum of Fig. 2a is not an 
artefact, a further difference spectrum was obtained from the 
sample of Y dehydroxylated in steam, at 890°C (HY-DHSt) 
(Fig 2b) using the same H-Y as a reference??. The same promi- 
nent peaks as in Fig. 2a are present, but two additional peaks 
occur at 1.86 and 2.10 A. It is apparent that a similar residual 
species is present in both HY-DHV and HY-DHSt. 

The Al-O peak at 1.9 A is only barely visible in HY-DHV. 
Although visible in HY-DHSt, its intensity is less than predicted 
from the calculated RDF. The increased intensity of the 1.9-À 
peak and the generally narrower peaks for HY-DHSt probably 
reflect the increased degree of condensation and crystallinity of 
the NFA species in ultra-stable Y.' 

Table 1 summarizes the RDF peak positions from the NFA 
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Fig. З Calculated RDFs for Al,O,, clusters 


species in the two de-aluminated HY samples. The distances 
present in the NFA produced at 650 °С clearly correspond to a 
larger AI-OH cluster than the sample species listed earlier, that 


45, АКОН)“, AI(OH)3 or [Al,O]**. 


To help identify the- NFA species, we have calculated the 
RDFs of AL(O,OH),, groups extracted from the edge-shared 
octahedral chains in jadeite, chantalite and AL, (OH);TeO4SO,. 
From the RDFs shown in Fig. 3, it can be seen that edge-shared 
octahedral clusters result in RDF peaks at positions similar to 
those shown in Table 1, The most prominent peaks occur at 
19А (Al-O), 2.8 А (O-O,AI-AD), 3.5 A (Al-O), 3.8 A (О-О), 
44А (А-О), 48 А (О-О), 5.5 А (О-О) and 5.9 Å (АІ-0), 
where the values in parentheses indicate atom pair interactions 
calculated separately. This similarity suggests that the NFA 
species in HY-DHV and HY-DHSt contain edge-shared octahe- 
dral Al, O, (OH), chains. 

Two significant differences exist between the NFA peaks and 
those of the Al;(O,OH),, clusters. First, the NFA peak at 1.9 A 
is considerably broader and less intense than the 1.9-A peak in 
the chains. The breadth could result from the considerable 
disorder caused by a large number of terminal OH groups 
expected in 10-À clusters located in the'supercages of Y zeolite. 
The peak at 1.86 À probably corresponds to terminal OH groups 
whereas the peak at 2.1 À would correspond to bridging OH or 
O atóms. Second, the NFA peak at 4.1 А is shifted considerably 
from the typical value of 4 5 A for the AL(O,OH),, clusters and 
its intensity is greatly increased. This suggests a different arrange- 
ment of the chains from the simple isolated species used for the 
calculations. Further calculations of RDF spectra for other 
Al, O, (OH); (OH), clusters and the known crystalline forms 
of Al oxides and hydroxides are in progress with the hope that 
one of these will correspond to the difference RDFs of Fig.2. 

It should be emphasized that the NFA species formed in this 
study corresponds to an advanced stage of de-alumination under 
shallow-bed conditions. Dehydroxylation of H-Y occurs at 
450 °C in shallow bed conditions and 300 °C in deep-bed condi- 
tions/???, The de-alumination carried out in this study is in the 
region of substantial dehydroxylation and therefore de-alumina- 
tion No attempt has yet been made to look at the de-alumination 
species obtained at lower temperatures The species formed at 
300-550 °C may well be different and could correspond to some 
of the species proposed.to form before condensation as empha- 
sized by Freude et al”. i í 

' We thank P. D. Antonio and J. H. Konnert for making the 
program RADMOR available and К. Н. Gardner for assistance 
in the RDF calculations. 





Table 2 Peak positions ın calculated partial RDFs for AI,,O, (OH), 





Al,,0,(OH), Compound Al-O 0-0 
АО; Jadeite 2.00 280 
Al;0,)9(OH), AL(OH);TeO4,SO; 1.90 2.80 
Al,0,(OH), Chantalite 1.90 2.80 


А-А! 





‘Al-O О-О О-О 


А-О О-О Al-O О-О 
305 370 385 455 500 6.20 
300 360 380 440 4.85 6.00 


3 00 3.55 3.80 445 4.85 5.50 6 00 6.10 ' 
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Folds were the first tectonic features of rocks to be studied and 
as such are taken as a reference for the interpretation of other 
structures. Intuitively, fold axes were assumed to be subperpen- 
dicular to the direction of transport. Nevertheless, many studies 
of metamorphic belts showing intense ductile deformation describe 
folds with axes close to the transport direction. In particular, 
sheath folds'~, are highly curvilinear folds elongated parallel to 
the direction of transport. We discuss here a spectacular large 
sheath fold situated in a crustal shear zone in the Monte Rosa 
nappe, Swiss Alps. Our analysis implies that both the geometry 
and significance of folds in the internal Alps must be re-examined. 
We further demonstrate the existence of crustal ductile shear zones 
in an area of the Alps where previously emphasis was generally 
placed on fold nappes; the movements on these shear zones is 
often tens of kilometres. 

The Monte Rosa nappe (Fig. 1), Swiss Alps, representing the 
northernmost internal crystalline massif, 1s a spectacular 
example of deep ductile deformation. It is made up of Hercynian 
basement rocks, mainly gneiss and schists, intruded by late 


Hercynian granites'" and unconformably covered by Permo- 
Carboniferous volcaniclastic rocks and by a series of Mesozoic 
ѕейітепіѕ!0-!2, All these were intensively reworked during the 
Alpine tectonometamorphism with the formation of gneisses, 
micaschists and mylocnites, and are tectonically overlain by the 
Zermatt Saas-Fee ophiolite thrust sheet!?. 

The polyphase Alpine metamorphism may be divided into 
two major events: s a high-pressure eoalpine metamorph- 
ism!^'5, (the climax of this metamorphism occurred around 
110 Myr ago in eclogitic conditions (15 kbar), followed by a 
decrease of pressure to 7-8 kbar until 60 Myr)!*"", and the 
Alpine (s.s.) metamorphism at around 38 Myr ago!”"!, in green- 
schist to amphibolite conditions. 

In the Monte Rosa area, as in all the pennine Alps, the 
intensity of the Alpine deformation is evidenced by large recum- 
bent nappes??? and the presence of a prominent Alpine foliation 
and intense microfolding!®?!-?3. However, such studiés can only 
analyse fold geometry and usually describe several phases of 
folding”. The direction of transport is generally assumed to be 
perpendicular to the fold axes and the vergence of 'tectonic 
phases' is deduced from the apparent vergence of folds. 

Our recent work??? has attempted to study the deformation 
mechanisms using tectonic and microtectonic analysis. We 
obtained the following results: firstly, The most significant 
microstructure is the prominent stretching lineation. This is 
clearly recognized by the elongation of deformable markers 
(such as pebbles), the stretching of porphyroclasts or rigid 
inclusions (feldspars in gneissic rocks, dolomitic layer in 
marbles) and also ty mineral elongation (biotite, phengite, 
recrystallized quartz, feldspar or calcite, elongation of pressure 
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Fig. 1 Geological landscape of the 'eye fold' of 
Mattmark, viewed from the Gruenberghorn (3,015 m) 
towards the north-west. 1, Ophiolites; 2, Jurassic brown 
caleschists; 3, marbles, 4, quartzites; 5, paragneiss and 
schists Inset location of the studied area (Monte Rosa 
nappe) in the Western Alps. The internal crystalline 
massifs are shaded; crosses indicate the external crystal- 
line massifs. B, Briangonnais zone; SL, Schistes lustrés 
and ophiolites, S, Sesia zone; P, pennine nappes of the 
Lepontine area. 
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Fig. 2 Structural map of the ‘eye fold’. The arrows represent the 

stretching lineations. In the Schmitt diagrams (lower hemisphere 

projection): A, foliation; A, stratification; C, stretching lineations; 
Ф, intersection lineations (5/5, or So/S,_2). 


shadow crystallizations). These lineations represent finite 
extension. On average they trend N 110° E, plunging slightly to 
the west-north-west. Despite variations (from N70°E to 
N 140° E) which may be related to heterogeneities of the defor- 
mation’, they are regionally coherent. Secondly, the major 
deformation observed is generally intense and progressive, and 
shows evidence of non-coaxial deformation such as quartz 
petrofabrics?*, coherent displacement along shear zones", 
deformed porphyroclasts and pressure shadows?, and shear 
band cleavages. Overall characteristics, the deformation 
resembles the result of simple shearing. As in shear zones the 
stretching lineation in the intensely deformed areas seems to lie 
close to the direction of shear."?? On a regional scale, the 
lineations trace approximately straight paths. Two different units 
can be distinguished on the basis of the determined shear 
senses?^. The first, the Monte Rosa nappe and its sedimentary 
cover, is characterized by shearing to the west-north-west associ- 
ated with crustal ductile and major thrusting towards the west- 
north-west. The second unit, the Portjengrat unit, situated 
immediately south of the Mischabel backfold, shows east-south- 
eastward shears. We believe this deformation to be related to 
antithetic ductile thrusting?'. Finally the observed progressive 
deformation mainly occurred during retrograde metamorphism 
at about 40 Myr. It may represent a late, although intense, phase 
of a complex deformation history and is probably related to 
major thrusting during arid after continental collision. 

In the vicinity of Mattmark in the Saas valley, a large-scale 
‘eye fold’ has been recognized” and studied”. It is well exposed 
(Fig. 1), between 2,700 and 2,200 m, in a cliff oriented NNE- 
SSW and has been partly mapped''”". It affects the sedimentary 
rocks of the Gornergrat zone with Upper Triassic marbles in 
the core of the fold, surrounded by Lower Triassic quartzites. 
This structure is in turn surrounded by schists and paragneisses 
(probably Permo-Carboniferous) and overlain by a slice of 
brown calcschists (schistes lustrés of supposed Jurassic age) and 
by the Zermatt Saas-Fee ophiolitic thrust sheet". 

From the neighbouring summits (around 3,000 m) the ‘eyed’ 
structure is picked out by marble layers. On the outcrop both 
quartzite and marble layers surround the eye without discon- 
tinuity and define a closed structure (Fig. 1). The stretching 
lineation is generally prominent; in quartzites, very elongated 
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Fig. 3 Schematic structure of the ‘eye fold’ 1, Paragneiss and 
schists; 2, quartzites; 3, calcschists; 4, ophiolitic thrust sheet 
(mainly serpentinites) 


pebbles, quartz rods and a mineral lineation (elongated phengite 
or quartz crystals) can be seen; in marbles or calcschists, the 
lineation is marked by boudinage of the dolomitic layers, the 
stretching of dolomitic inclusions or porphyroclasts (such as 
garnets) and elongation of minerals, and pressure shadows. 
These lineations show nearly constant directior in the studied 
area (Fig. 2) and on average trend N 120° E. Microfolds are 
isoclinal and more frequent in the north and south hinge zones 
of the eye fold (where we also observed small sheath folds and 
a mushroom-shaped fold) and also on the Jurassic calcschists. 
Both the fold axes (microfolds, north and south hinge zones of 
the eyed structure) and the intersection lineation, S,/S, or 
SoS,_2, are parallel to the stretching lineation (Fig. 2). 

The relative orientations of the bedding (S)),and the fold axes 
suggest that the fold is cylindrical and that the eyed pattern is 
not a topographic effect (Fig. 3). Based on this structure and 
on the intensity, mechanism and kinematic of deformation, we 
interpret this eye fold to be a section lying subperpendicular to 
the axis of a large sheath fold’. This fold would be elongated 
parallel to the stretching lineation trend and of the order of 
several kilometres in size. It represents a synclinal structure with 
the younger rocks (marbles) in the core. There is no direct 
evidence for an east or west closure of this fold, that is, an 
eastward- or westward-facing nose. It is possible that a such 
large sheath fold is the result of a dramatic deformation associ- 
ated with the westward crustal shearing rather than ductile 
backthrusting; if this is the case, the closure of the synclinal 
sheath fold should be to the east. 

Other large folds exist in the Gornegrat zone. For instance, 
immediately north of the eye fold, we have described a refolded 
isoclinal fold of kilometre scale whose axis is always parallel 
to the stretching lineation?. On the metric scale, most folds 
show certain characteristics consistently over the whole area 
studied: they are highly isoclinal with very elongated limbs; the 
fold axes are generally straight and parallel to the stretching 
lineation; folds are clearly visible in sections perpendicular to 
the lineation where their apparent vergence is generally to the 
south-west. Nevertheless, folds showing opposite vergence (both 
to the south and north) on the same outcrop and mushrooom- 
shaped folds are relatively common. Two major folding phases 
(Р, and F,) with the same geometrical characteristics have 
previously been described”. 

Hence, the present deformation analysis indicates that folds 
in the Monte Rosa area (except obvious late folds) may represent 
either: (1) folds (“a folds")? with axes close to the long axis 
of the strain ellipsoid, as shown by the stretching lineation, 
which then approach the shear direction or (2) sheath folds; 
both result from or were strongly deformed during, the large 
progressive shearing. 

The mechanism of formation of sheath folds during progres- 
sive deformation is well established!?. They appear to be the 
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Fig. 4 Progressive reorientation of the limbs of a passive sheath 
fold. a, The model. (i) Idealized deformation of a cube of side. 
C/2 by simple shear (with shear strain у); (ii) the same deforma- 
tion applied to a cross-section of shape B, C representing the hinge 
zone of the fold; (iii) a simplification of this geometry to yield the 
angle a between the limbs and the long axis of the fold, as a 
function of y and of the shape (B/C) of the fold. b, Curves of a 
versus у. The curve B =3.3C corresponds to the fold of Mattmark. 
у is estimated to a minimum value of 19. 


result of kinematic amplification of 'deflections' in the folded 
layers which produced curvilinear folds that became progres- 
sively more elongated during the deformation. The presence of 
a kilometre-scale sheath fold suggests that the shearing mechan- 
ism took place over a large area and caused very large deforma- 
tion and transport. Commonly occurring folds lying parallel to 
the direction of shear were probably formed by reorientation, 

during the progressive deformation, of folds initially lying 
oblique to the shear direction???^, Such oblique folds may have 
been induced during this deformation Бу the shearing of layers 
inclined relative to the shear plane? 

In the absence of strain markers, an estimate of the shear 
strain can be obtained from a simple model of the geometry 
and evolution of the sheath fold. If exact, such an estimate 
would be more significant than a point-by-point strain analysis, 
because it would represent the average bulk shear strain for the 
whole volume of rock. 

Assuming simple shear for the progressive deformation (Fig. 
4a(i)), and a passive sheath fold, the shape of the hinge zone 
(Fig. 4a(ii)), represented in Fig. 4a(iii) by a triangle, is con- 
sidered to be the result of kinematic amplification? of the deflec- 
tion (Fig. 4a(ii)). We may calculate the angle o as a function 
of the shape of the sheath fold (B/C) and the shear strain (у): 

а = arctan (2 as) (1) 

y +1 
Different curves, for different values of B/C, can now be plotted 
(Fig. 4b); the curve B/C = 10/3 corresponds to the Mattmark 
fold We may then relate the characteristics of the observed 
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sheath fold (the angle between the fold axes in the two hinge 
zones of the eye, which corresponds to 2a). Based on the 
approximately cylindrical shape of the Mattmark fold, we can 
consider the angle between the two axes to be «20? (that is, 
a x10?). This leads to a minimum estimate for the bulk shear 
strain of y = 19, for a fold with the observed dimension (B/C = 
10/3). Although this is an oversimplified model (which assumes 
simple shear, unknown shape of the deflection, and only passive 
reorientation), such an estimate may be a useful average value 
for the bulk shear strain. It agrees with the microstructural and 
textural characteristics of rocks such as: the elongation of quartz 
pebbles in conglomerates” (A,/A, up to 50 and a K parameter 
close to 1 where A, and A, are finite strain axes and K is the 
shape parameter jor the strain ellipsoid and is 1 when in plane 
strain); mylonitic microstructures?” ; and well-defined preferred 
lattice orientation of quartz. 

In terms of transport, for a shear zone 1 km thick (minimum 
thickness for the intensely sheared area situated at the top of 
the Monte Rosa nappe), the value for y obtained requires a 
minimum displacement of ~20 km. Note that much more move- 
ment may occur on discrete fault zones. 

Such an analysis. associating folds with a deformation 
mechanism, has several implications. 

First, for highly deformed areas, it seems logical to assume 
that folds perpendicular to transport (‘b fold’) cannot exist 
except in the case of late folds. This is true for mylonite zones?? 
and also for deep pats of mountain belts such as the 
Himalayas”, the Alps??? or the North American Cordillera*!*, 
Hence, geometrical analyses of folds are not good kinematic 
indicators and must be used in association with analyses of 
ductile deformation mechanisms. 

Second, this work demonstrates the importance of thrust 
displacements of several tens of kilometres along ductile shear 
zones, in an area where previously much emphasis was placed 
on fold nappes’*??-, As has already been proposed for the 
French-Italian Alps ^, deformation analyses show that the evol- 
ution of the Swiss part of the belt is highly logical, and is 
dominated by thrusting towards the west-north-west, without 
major gaps between the external and internal Alps. 

Finally, deformation analysis should be carried out on all the 
internal parts of the Alps. Some advances have been made on 
the French-Italian part?^^, but in the famous Pennine nappes 
of the Swiss Alps'®?° studies have concentrated on the super- 
posed folding??* 45. According to the highly deformed state of 
the rocks, fold geometry seems to be unrelated to the kinematic 
evolution, except in the case of late folds. It is probable that 
major deformations occurred in a shear context?" with the 
formation of stretching lineations 9^? tracing the shear direc- 
tions. It would now be of great interest to study ductile deforma- 
tion and its kinematics and to relate it to the fold geometries, 
with a view to analysing sheath folds?" and folds subparallel to 
the shear directions. 
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An early Cambrian rift to post-rift 
transition in the 
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The upper Proterozoic and lower Palaeozoic wedge of miogeo- 
clinal strata in the North American Cordillera is widely regarded 
as evidence for a proto-Pacific passive margin. The rifting 
history of this margin appears to have been protracted, possibly 
spanning 2200 Myr in a tectonic setting that is not well 
understood?. Quantitative subsidence analyses of lower Palaeozoic 
strata between British Columbia and Utah, however, provide 
indirect evidence that the transition from rifting to post-rift cooling 
occurred within a relatively short interval of time, although 
probably not synchronously, between 600 and 555 Myr (refs 4—6). 
This age is significantly younger than that implied in previous 
studies™?. We describe here new field data, which, together with 
published geological data, provide direct evidence of a latest 
Proterozoic or early Cambrian age for the rift to post-rift 
transition. The data support recent arguments for widespread 
initiation of passive margins around the edge of the North 
American craton close to the Cambrian-Precambrian boundary’. 

Indirect evidence for the ages of the rift to post-rift transition 
as well as for the final rifting phase were inferred from tectonic 
subsidence curves for early Palaeozoic strata in the Cordilleran 
miogeocline*® (Figs 1, 2). The strata (ranging from early 
Cambrian to late Ordovician in age) are laterally continuous, 
stable-shelf deposits and are regarded as part of an extensive 
post-rift continental terrace’. The tectonic subsidence curves 
have the same form as the age-depth curve for ocean floor (Fig. 
2). This indicates that, as in modern passive margins, the post-rift 
tectonic subsidence was controlled mainly by contraction of the 
lithosphere resulting from the decay of thermal anomalies gener- 
ated during rifting**®. We emphasize, however, that the curves 
do not distinguish between margins adjacent to an open ocean 
or a back arc basin. The steep slopes of the curves, which are 
a function of the rates of heat loss, place the maximum age for 
the beginning of post-rift cooling at ~600 Myr (refs 4-6). This 
is because older ages for initiation of post-rift cooling, at 
650 Myr, for example, would require anomalously high rates of 
heat loss from the Cambrian ocean floor, reaching at least 16096 
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LOWER PALEOZOIC 
STRATA DEPOSITED 1 
ALONG EDGE OF NORTH AMERICA 


MOSTLY CARBONATE ROCKS ON 
PLATFORMS AND ARCHES 
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MOSTLY SHALES IN MID-CAMBRIAN | 
TO SILURIAN BASINS 
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ТЕК TINTINA. FAULT 


UT UNNAMED THRUST ON EAST 
SIDE OF YUKON CATACLASTIC- 
COMPLEX 


FrF FRASER FAULT SYSTEM 
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QUESNELLIA AND EASTERN 
TERRANE 


GT GOLCONDA THRUST 


RmT ROBERTS MOUNTAINS THRUST 


-* LIMIT OF SYN-RIFT 
DEPOSITS 


Fig. 1 Distribution of the lower Palaeozoic miogeoclinal facies 
in western North America (modified from ref. 5). UT, QE, GT and 
RMT are major structural boundaries of various terranes accreted 
to western North Amerca in post-early Palaeozoic time’. These 
boundaries mark the westernmost preserved edge of the lower 
Palaeozoic North American continent. Ti-FrF is a major right- 
lateral transcurrent fault system”. The dotted outline of western 
North America gives the position of this region after restoration 
of the right-lateral transcurrent movement on the Tintina—Fraser 
fault system, Heavy dotted lines indicate the approximate eastern 
limits of the latest Proterozoic or earliest Cambrian post- 
Windermere rift deposits in the southern Canadian Rockies and 
in Utah-Nevada. 6, Locations of sections in which tectonic 
subsidence has been calculated*>. C], Locations where mafic 
extrusive rocks occur in post- Windermere rift deposits that record 
the final (latest Proterozoic or early Cambrian) rifting in the margin. 
Sources: 1,2,3, Hamill Group!?1525: 4, Three Sisters Formation 
(although the volcanics may be 1n the Windermere Supergroup, 
F. Miller,’ personal communication); 5, Mutual Formation 
(Crittenden, unpublished mapping); 6, Browns Hole Formation? ; 
7, Tintic Quartzite??; 8, 12, Prospect Mt Quartzite?9??: 9-11 Stirling 
Quartzite?$; 13, Sonora???*, 


of that of the modern ocean floor’. The high rates of post-rift 
cooling further indicate that relatively little heat was lost during 
rifting, and in terms of finite rifting models’, the duration of 
the final rifting phase probably did not exceed 10-20 Myr. The 
age of final rifting, therefore, could not be much older than our 
inferred maximum estimate for the rift to post-rift transition. 
The subsidence data do not preclude earlier extensional and 
heating events, which are indicated by geological evidence and 
have profoundly influenced the structural evolution of the 
margin, probably since the Middle Proterozoic”?!°. However, 
igneous rocks thought to be associated with late Proterozoic 
rifting in the margin have radiometric ages of ~900-750 Myr 
(refs 8, 10, 11), and clearly are too old for the final rifting of 
the margin. Our mapping in the southern Canadian Rockies 
and in Utah, together with a synthesis of published data, have 
led to the identification of a widespread younger rifting event 
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the McKenzie stretching model? 
‚ (solid curves). Large dots are strati- 
graphical boundaries to which 
numerical ages have been assigned. 
Small dots are formation boundaries 
positioned by assuming constant 
sedimentation rates between dated 
boundaries. Vertical bars give the 
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from the McKenzie stretching 
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the stretching factors for the passive 
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margin. Letters with subscripts desig- 
nate different sections lying along 
east-west lines at locations that are 
too close to indicate separately in 
: Fig, 1. The higher subscript numbers . 
designate the more westerly sections. . 
Most of the sections with subscripts 
are 15 km apart on a non-restored 
base Numerical ages Assigned to the 
stratigraphical boundaries”? are 
shown in the upper right-hand 
comer. Stratigraphical boundaries 
' are from ref. 37, 
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' whose age appears to be compatible with the high rates of 
post-rift cooling.in the margin: | 

In the southern Canadian Rockies, limited evidence for 
younger rifting has been reported from the Hamill Group west 
of Golden*!? and from the McNaughton Formation near 
Jasper? , (Fig. 3). Both deposits ünderlie strata with early 
Cambrian trilobites and overlie the Windermere Supergroup 
(Fig. 4a), a widespread stratigraphical unit that was deposited 


during rifting in late Proterozoic time (refs 2, 3, 10, 11). Both 
the Hamill Group and McNaughton Formation contain. 


distinctive thick sequences of feldspathic sandstones and 
conglomerates'-!$ (Fig. 4a). In the Hamill Group west of 
Golden (Fig. 3), shallow-marine sediments pass abruptly into 
deeper marine deposits that contain resedimented sandstones, 
pillowed lavas and mafic volcaniclastic debris!^!?!6, These 
facies changes are regarded as evidence of syn-depositional 
faulting accompanied by extrusion of mafic rocks'*. Similarly, 


near Jasper, abrupt changes in thickness in the McNaughton р 


Formation have been interpreted as evidence of syn-depositional 
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faulting”. Strata of the Hamill Group and the McNaughton . 


Formation pass gradationally upwards into the lower Cambrian 
mature quartz sandstones with Skolithos that are part of the 
early post-rift strata of the margin (Fig. 4a). Neither, however, 
is overlain by post-rift strata that are suitable for quantitative 
analysis, and their precise stratigraphical postion relative to a 
rift to post-rift transition cannot be inferred from subsidence 
data. 
Recent field work in areas east and south of the exposures of 
the McNaughton Formation and Hamill Group (between 51°45’ 
' and 52°30’, Fig. 1) has indicated that at least two of the sections 
analysed, SF and MtWi, and probably HL7b and GL as well 
(Fig. 3), are underlain conformably by a rift-like deposit that is 


at least 500 m thick. This deposit forms a distinctive basal unit ` 





500 


of the Gog Group and is broadly correlative with the 


McNaughton Formation and at least the lower part of the Hamill 
Group" (Fig. 4a). The exact stratigraphical relation of this 
deposit.to formally recognized strata in the region is not yet 
established, however, and we refer to it informally as a basal 
conglomeratic unit of the Gog Group. 

A rift origin of the basal conglomeratic unit is suggested by 
a striking succession of cross-bedded, poorly sorted arkosic to 
subarkosic sandstones and conglomerates interbedded with thin 


' layers of red shales and siltstones in the lower two-thirds of the 
“unit (Fig. 4a). The sandstones and conglomerates contain ~30- 


80% quartz, 15-50% feldspar, more than half of which is a 
distinctive pink’ alkali feldspar as much as 2 ст across, and 
5-20% rock fragments consisting mainly of quartzite, chert and 
granitic clasts. A total of 219 measured orientations of trough 


, axes and large-amplitude (50 cm to 2 m) cross-beds, corrected 


for tilting, indicate mainly unimodal westerly current flow. The 
coarse grain size, arkosic composition, abundance of red shales 
together with westerly palaeocurrent directions suggest a fluvial 
or alluvial fan environment and a strongly uplifted source in 
crystalline basement to the east. An easterly provenance in 
crystalline basement ‘has also been suggested for the 
McNaughton Formation based on palaeocurrent measurements 
and sandstone compositions'^5. The abrupt terminaton of the 
conglomeratic unit between Mt Chephren and Bow Pass (Figs 
3, 4a) could reflect deposition against a fault scarp or hinge 
zone flanking the'easterly basement source. The conglomeratic 
unit of the Gog Group grades upward into mature quartz 
sandstones with Skolithos, which are correlative with the post-rift 
deposits in the upper part of the McNaughton Formation and 
in or above the upper part of the Hamill Group (Fig. 4a) These 
Skolithos-bearing strata form the base of the sections used in 
subsidence analyses. 
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Fig. 3 Distribution, on a palinspastic restora- 
tion, of the uppermost Proterozoic to lowest 
Cambrian strata that are interpreted to record 
the final rifting and the transition to post-rift 
subsidence in the southern Canadian Rockies. 
Large filled circles, solid circles, solid circles 
with cross, solid squares, open circles and solid 
triangles mark localities examined 1n the field 
Open circles west of Banff are the Gog Group 
and south of Golden are the Cranbrook Forma- 
tion. Stippled area 1s the amount of shortening 
between thrust panels that are unpatterned The 
shortening in the shale basin has not been deter- 
mined from balanced sections and is assumed 
here to be equal to the amount of shortening 
in the carbonate bank (a factor of 2). The dis- 
placement on thrusts west of the shale basin 
has not been estimated. Italic letters correspond 
to analysed sections shown in Fig. 1. WiPt, SF, 
ММ, GL are at locality D, Fig. 1; HL8c, HL7c, 
HL7a; НІЛЬ are at locality E, Fig 1, апа LMC- 
D, Me4b and Ba3a are at locality F, Fig. 1. 
Lines A’, B' and C' are lines of palinspastic 
restoration which are control for restored posi- 
tions of thust plates*®~*?, The dashed line is the 
approximate position of the southeastern edge 
of the basal conglomeratic unit. 
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LOCATION OF SECTIONS FOR 
QUANTITATIVE ANALYSIS 


In the McNaughton Formation, the change from coarse 
feldspathic sediments to mature, marine quartz sandstones, 
which we assume is approximately correlative with the end of 
final rifting and the transition to post-rift subsidence, occurs Іп 
the lower part or below the early Cambrian Fallotaspis trilobite 
zone’? (Fig. 4a). The transition to post-rift subsidence, therefore, 
lies near the base of the Atabanian Stage or in the Tommotian 
Stage. These stages are not well dated but are thought to range 
from slightly younger than 570 Myr to ~590 Myr (ref. 20). If 
the correlation of the McNaughton Formation with the basal 
conglomeratic unit and the Hamill Group suggested in Fig. 4a 
is even approximately correct, there is excellent agreement 
between the stratigraphical position of the rift to post-rift 
transition and the age of that transition inferred from the 
subsidence data. 

There is also evidence, from work in progress, for syn-deposi- 
tional rifting in the western United States, in uppermost Pro- 
terozoic and lower Cambrian rocks that are broadly correlative 
with the succession in the southern Canadian Rocky Mountains 
(Figs 1, 4b). The principal evidence for rifting is the occurrence 
of feldspathic sandstones and conglomerates, relatively abrupt 
lateral facies and thickness changes, regionally variable 
palaeocurrent directions and the presence of mafic volcanic 
flows and volcaniclastic conglomerates. Few chemical data are 
available for the volcanic rocks, but the rocks appear to be of 
tholeiitic to alkalic affinities, consistent with continental rift- 
ing'?!, The feldspathic sandstones and conglomerates occur 
sporadically, but in places constitute units several hundred 
metres thick^^?, Sequential changes in mineralogical maturity 
and grain size are locally abrupt, consistent with episodic uplift 
and exposure of crystalline basement. In Utah, for example, 
medium- to fine-grained, well-sorted, shallow-marine (?) quart- 
zite of the upper Browns Hole Formation is overlain with sharp 
contact by arkosic, poorly sorted fluvial (?) conglomerate of the 
Geertsen Canyon Quartzite” (Fig. 4b). In general, the occur- 
rence of lateral facies and thickness changes tends to be obscured 
by formational nomenclature which emphasizes the regional 
persistence of gross stratigraphical units. However, in one well- 
documented example, the middle member of the Wood Canyon 


Formation in southeastern California", strata thicken and 
coarsen to the north-east and contain south-west-directed 
palaeocurrents, whereas associated stratigraphical units thicken 
to the west or north-west, and yield west- to north-directed and 
polymodal palaeocurrents”*”°. 

The inferred rift deposits in Utah and Nevada overlie strata 
that are thought to be correlative with the Windermere Super- 
group in the Canadian СогаШега262?, and they pass upward 
into lower Cambrian mature quartz sandstones with Skolithos 
that lie at the base of the post-rift strata from which the sub- 
sidence data were collected (Figs 1, 2, 4b). In the Delamar area 
of eastern Nevada, lithostratigraphical correlation with a section 
in the White-Inyo Mountains, California, suggests that the 
transition upward into post-rift mature quartz sandstones occurs 
near the base of or below the Fallotaspis trilobite zone?97, In 
the Wah Wah?? and. East Tintic?? sections, the transition to 
post-rift strata is not well dated but seems to occur at about the 
same stratigraphical level relative to the base of the middle 
Cambrian as in the Delamar area”®. In the Huntsville section???", 
the transition may be.slightly lower stratigraphically but is 
probably broadly correlative with that to the south. In the 
western United States, therefore, as in the southern Canadian 
Rockies, the stratigraphical position of the final rifting to post- 
rift transition is in good agreement with the age of that transition 
inferred from the subsidence data. 

The age of the final rifting episode can also be estimated from 
stratigraphical relations at several localities in the miogeocline. 
Near Jasper, in the southern Canadian Rockies, the uppermost 
500m of the underlying Windermere Supergroup (Miette 
Group, Fig. 4a) contains the trace fossils Platysolenites and 
Didmaualichnus and a microbiota with Campitius and Vol- 
borthella spp.'??!. These are reported to occur in the Tommotion 
Stage (~570-590 Myr) and possibly younger stages of the early 
Cambrian'**?, but their range is not well established. The rift 
deposit clearly lies above the Windermere Supergroup and only 
a short distance beneath probable earliest Cambrian strata, 
suggesting a latest Proterozoic age for the deposit. Simlarly, in 
Utah and Nevada, the mafic volcanic rocks and feldspathic 
deposits occur a short distance below the Fallotaspis zone in 
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Fig. 4 а, Respresentative sections of the basal conglomeratic unit of the Gog Group and its probable equivalents in the McNaughton 
Formation and the Hamill Group. Columns show the transition of these strata to post-rift deposits of the miogeocline. These strata are 
interpreted as evidence of post- Windermere rifting and latest Proterozoic to earliest Cambrian transition to the post-rift phase in the margin. 
The Horsethief Creek Group and the Miette Group compose the Windermere Supergroup west and east of the Rocky Mountain Trench, 
respectively. Dash-dot lines are approximate boundaries between trilobite zones. The base of the middle Cambrian (uppermost dash-dot line) 
is the reference datum of the sections. The sections are located in Fig. 3 as follows: 1, Red Earth Creek; 5, Bow Pass; 7, Mt Chephren; 12, 
Mt Kerkeslin; 14, McBride-Jasper area; 17, 18, Selkirk Mts. Sources: Red Earth Creek, Bow Pass and Mt Chephren from G.C.B., Ma and 
M.A.K. (field work 1982 and 1983); Mt Kerkeslin from refs 13, 43; Selkirk Mts from ref. 16. Faunal zones are from ref. 19. b, Representative 
sections from Utah and Nevada indicating inferred final rift deposits and the transition to post-rift strata for comparison with similar successions 
in the southern Canadian Rockies. Dash-dot lines are approximate boundaries between trilobite zones. The ages in the Delamar section are 
based on lithostratigraphical correlation with biostratigraphically dated strata in the White-Inyo Mountains of California, about 300 km to 
the west. The upper part of the Stirling Quartzite 1s Correlated with strata assigned a Tommotion age in California; the base of the Tommotion 
stage has not been established in the western United States?*. Sections located in Fig. 1 and sources as follows: 11, Delamar/5; 12, Wah Wah??; 
7, East Tintic??; 6, Huntsville’, 


strata that are probably Tommotion in age (Fig. 4b), which, 
together with the:580-Myr Ar/Ar age from the volcanic rocks 
in northern Utah!, suggests that rifting occurred in the latest 
Proterozoic and/or earliest Cambrian. Finally, in Mexico, post- 
rift carbonate rocks and quartz sandstones of early Cambrian 
age pass gradationally downward into nearly 300 m of strata 
containing mafic lava and mafic volcaniclastic rocks. These 
volcanic deposits seem to be correlative with, or slightly older 
than, the lower part of the Fallotaspis zone???^ 

Large parts of the Cordilleran miogeocline from Canada to 
Mexico, therefore, contain evidence of late Proterozoic rifting 
events that led to the formation of an extensive proto-Pacific 
passive margin. These events began perhaps as early as 800- 
900 Myr but appear to have terminated in a final, distinct and 
short-lived phase near the Cambrian-Precambrian boundary. 
The age is compatible with ages for the final rifting and rift to 
post-rift transition inferred from quantitative subsidence data. 
The results of the subsidence analyses were fundamental to this 
research, not only focusing on the problem of the ages for rifting, 
but also in predicting the stratigraphical position where the final 
rift deposit and the transition to post-rift strata should occur. 
This greatly facilitated the search for these deposits in the field. 
We have now identified these deposits in a large region in the 
southern Canadian Rockies and in an even larger area between 
southeastern Idaho and southeastern California (indicated by 
the dotted lines in Fig. 1). It seems that final rifting along a 
large portion of the proto-Pacific margin of western North 
America occurred at about the same time as rifting in the early 
Palaeozoic miogeocline in Arctic Canada and along an extensive 
portion of the lapetus margin in the US Appalachians and 
Newfoundland’. The contemporaneity of these events support 
recent arguments for rifting around nearly all of the perimeter 


of North America close to the Cambrian-Precambrian 
boundary". 
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Direct measurements of secondary . 
currents in a meandering sand-bed river 
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Natural channels often adopt a meandering course. Water flow in 
meander bends is three-dimensional, consisting of primary 
velocities which are tangential to the bend, and secondary velocities, 
which are in the radial plane. The pattern of secondary flow strongly 
affects the distribution of primary velocities. This in turn affects 
the distribution of erosion and deposition in the bend and the way 
in which the channel shifts and changes shape. Measurements of 
primary and secondary flows in a meandering gravel-bed river’? 
show that, in addition to the widely recognized main secondary 
circulation driving surface water outwards and bed water inwards, 
there can be a small cell of reverse rotation at the outer bank. 
Further data have been collected in a sand-bedded river at low, 
intermediate and high discharges. The results confirm the existence 
of the main and outer bank cells but also indicate that in some 
bends the main cell does not extend to the inner bank. In fact, 
secondary flow at the inner bank of wide, shallow bends is directed 
radially outwards over the whole flow depth at all in-channel flows. 
This indicates that some models of bend flow and channel develop- 
ment may be significantly in error. 

Secondary currents are defined as currents that occur in a 
plane normal to the axis of primary flow’. In meander bends, 
they develop by skewing of cross-stream vorticity into a long- 
stream direction, The resulting skew-induced secondary circu- 
lation carries fast surface water towards the outer bank and 
slower bed water towards the inner bank. І 

At the outer bank, the primary flow, secondary circulation, 
and bank interact to produce a small cell of reverse rotation to 
the skew-induced cell. This cell occupies the channel to a dist- 
ance one or two times the bank height away from the bank. 
Although this is a small proportion of the cross-section in most 
rivers, the outer bank cell is still important because it strongly 
affects the distribution of boundary shear stress, thereby 
influencing bank erosion processes’, 

In the central part of the channel, helical skew-induced flow 
produces inward velocities near the bed, which sweep bedload 
towards the inner bank. Sediment accumulation as a point bar 
at the inner bank gives the channel an asymmetrical cross- 
section. The balance between the transverse, upslope component 
of fluid drag on a bedload particle, and the transverse, down- 
slope component of particle weight has been used as the basis 
for models of bed topography in bends?^?. This view of secondary 
flow-point bar interaction has been challenged recently’. 
Dietrich and Smith suggest that secondary flow above the point 
bar is directed radially outwards over the whole flow depth and 
that the helical skew-induced cell is confined to the deepest, or 
thalweg, portion of the cross-section Sediment accumulation is 
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Fig.1 Upstream bend apex, discharge: a, 1.7 m? s^; b, 40 m? 57. 
Dashed channel section represents that at the previous measure- 
ment section, ~6 m upstream. 


then concentrated on a steep transverse slope called the point 
bar face, between the upper point bar (point bar platform) and 
the thalweg, where near bed flow converges and there is strong 
upwelling. Bridge'? suggests that this pattern of flow and point 
bar building is a characteristic of point bar emergence at flows 
below about two-thirds bankfull. He suggests that at such low 
stages the point bar topography causes flow convergence at the 
bend entrance, but that such patterns are replaced by helical 
flow at formative (that is, bankfull) discharge. 

To help to resolve this discussion, data were collected in this 
study over a range of discharges in meander bends of the Fall 
River in Rocky Mountain National Park, Colorado. The reach 
studied has a bankfull capacity of about 4m^ s^! and well 
developed meanders with a sinuosity of 2.2. The annual hydro- 
graph is dominated by snowmelt runoff, resulting in long periods 
of almost steady bankfull flow in May, June and July. The 
gradient is ~0.1%. The bed material is sand, Р.о: 1.0 mm, 
moving in dunes, ripples and as suspended load. Sediment 
availability has been greatly increased by erosion associated 
with the failure of Lawn Lake Dam on the Roaring River (an 
upstream tributary) on 15 July 1982. As a result, the bed is 
mobile at all discharges and point bars in the bends respond 
quickly to changes in flow stage. | 

Measurements were made at low, intermediate and bankfull 
stages, corresponding to discharges of 1.7, 2.8, and 4.0 m? 5!. 
Long and cross-stream velocities were measured using an elec- 
tromagnetic current meter capable of measuring two mutually 
perpendicular velocity components with an accuracy of 
X3mms'!. All measurements were made from temporary 
bridges aligned at right angles to the outer bank, and care was 
taken to work only over dune crests, avoiding separation zones 
on the lee side of dunes. Data were collected at 18 sections 
evenly spaced along the channel through two consecutive bends. 
The complete data set is available!!? but because of limitations 
of space, only data for the intermediate and high flow at the 
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Fig. 2 Downstream bend apex, discharge: a, 17 m?s^!; b, 
4.0 m? s^. Dashed' channel section represents that at the previous 
measurement section, ~4 m upstream. 


bend apices are reported here. However, these sections do typify 
the different patterns found in the two bends. The long and 
cross-stream velocities were resolved into primary and secondary 
components using the method based on three-dimensional con- 
tinuity recommended by Dietrich and Smith’. The results are 
shown in Figs 1, 2. 

At both sections and flows the salient feature of the secondary 
circulation is the helical, skew-induced cell. However, close to 
the outer bank, a small cell of reverse rotation is clearly present, 
especially at bankfull flow. These cells are associated with distor- 
tion of the primary isovels and. depression of the maximum 
primary velocity below the free surface in the outer bank region. 
The outer bank cell occupies the channel to a distance 1-2 times 


the bank height away from the outer bank, ‘as observed else- 


where??? and predicted theoretically”. 


The pattern of primary and secondary flows in the outer half 
of the channel changes little with stage at a bend, and is similar 
at both apices. This robustness is not present in the flow pattern 


in the inner. half of the channel, where the two bends react 


differently to changing stage. ` 

At intermediate flow, secondary flow over the point bar is 
directed radially outwards over the whole depth, as predicted 
and observed by Dietrich and Smith and by Bridge?!?. The 
reason for this is the dominance of the centrifugal force acting 
outwards over the hydrostatic pressure gradient, acting inwards.: 
Also, the flow is shelving and narrowing in the longstream 
direction at the inner bank, as indicated in Figs 1a and 2a by 
the dashed lines showing the cross-section just upstream from 
the bend apex. Consequently, water is driven radially outwards 
to maintain continuity, leading to outward secondary flow. These 
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arguments agree with the explanation put forward by the pre- 
vious researchers??, 

At bankfull stage, the two bends show different flow patterns 
in the inner half of the channel. At the upstream bend, outward 
flow-has been replaced by helical flow over most of the width, 
as predicted by Bridge!?. The point bar has been scoured and 
reprofiled by the high flow and this, combined with the increased 
stage at almost constant width, has significantly increased the 
importance of the cross stream hydrostatic pressure gradient, 
which is now able to drive bed flow inwards. This is not the 
case at the downstream bend. Here, outward flow over the point 
bar persists up to bankfull discharge. The reason for this is that 
the width increases markedly with stage at the downstream bend, 
so that both the depth and the hydrostatic pressure gradient 
over the point bar remain small (Fig. 2b). Also, the point bar 
is more prominent in the downstream bend, so that shelving in 
the downstream direction is maintained at bankfull flow (Fig. 
2b). This is not the case at the upstream bend, where high flow 
scouring produces deepening downstream at the inner bank 
(Fig. 15). 

We conclude that both patterns of flow in the inner half of 
the channel are possible and do occur in nature, depending on 
the morphology of the channel cross-section. Of particular 
importance is the stage-width relationship. Where there is 
marked widening with stage, outward flow persists to bankfull 
flow, but where width is almost constant with stage, helical flow 
expands ‘almost to the inner bank. A quick survey of the Fall 
River bends revealed about equal numbers of bends falling into 
each category. As all the bends have the same bankfull discharge, 
sediment load, and bed and bank materials, there seems to be 
no obvious reason for the different morphologies, raising the 
possibility of there being two stable bend sections for a given 
set of independent controls. Clearly, point bar-flow interaction 
is a topic deserving further consideration and study. 

This research was supported by the US National Parks Service, 
US Bureau of Reclamation, and Colorado State University. 
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Enhancement of marine primary 
production by 
nitrogen-enriched acid rain 


Hans W. Paerl 
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Morehead City, North Carolina 28557, USA 


The effect of acid rain on the pH of freshwater habitats is well 
known’. The acidity of rainwater is largely due to hydrated oxides 
of sulphur, nitrogen and carbon’, which also constitute nutrients 
essential for plant growth. Most freshwater and marine environ- 
ments contain sufficient quantities of inorganic carbon and sulphur 
to satisfy plant growth needs, but nitrogen inputs can at times fall 
short of growth demands”. Nitrogen limitation of phytoplankton 
growth is widespread and chronic in some marine waters*”. I 
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report here that nitrogen-limited conditions in North Carolina, 


near-surface waters are ameliorated following rainfall inputs;.the 
most acidic rainfall events led to the greatest stimulation of 
phytoplankton growth. Continentally-derived acid rain consistently 
contained more inorganic nitrogen (NO3, NO; and NHj) than 
near neutral rainfall generated from oceanic fronts. Marine 
primary production can thus be influenced by the source of-rainfall 
in marginal environments. 

Nutrient limitation and impacts of rainfall on phytoplankton 
growth were examined at three Atlantic Ocean locations on the 


east coast of North Carolina. Bogue Sound, a euhaline (30- ` 


34 parts per 10? (p.p.t)) sound separating the mainland from a 
barrier island (Bogue Island) served as an inshore location. 
Continental slope waters —1km offshore from Bogue Banks 
provided a near-shore habitat, while Gulf Stream waters 25 km 
offshore represented a more pelagic habitat All three locations 
commonly receive both acidic (continental origin) and near- 
neutral (oceanic origin) rainfall. Continental rain pH charac- 
teristically ranged from pH 3.5 to 5.5, while oceanic rain ranged 
from pH 5.5 to 6.8. Surface waters from these locations were 


collected in 20-1 pre-cleaned polyethylene carboys throughout ' 


1983-84, immediately brought to the Institute of Marine Scien- 


ces (IMS) and analysed for the soluble nutrients МО5 + NO7, 
РОЗ” and chlorophyll а content, Samples were | 


NH;/NH;, P 
collected during periods of minimal riverine runoff (salinities 
of at least 33 p.p.t.); however, Bogue Sound was occasionally 
sampled after freshwater runoff episodes, as experienced after 
the landfall of hurricane Dianna during ш: -September 1984 
(salinity =27 p.p.t.). 

Rainwater was routinely collected on the rooftop of IMS 
using pre- -cleaned polyethylene buckets. Rainfall amounts and 
pH were recorded and nutrient chemistry was performed on 
rainwater used in bioassays. 

Bioassays were performed in triplicate іп `1-1 pre-cleaned 
polyethylene Cubitainers, which were 85% transparent to photo- 
synthetically active radiation (PAR = 400-700 nm). They were 


incubated in natural surface light and temperature conditions ` 


in a saltwater pond at IMS. Incubation periods lasted between 
1 and 7 days. Freshly collected seawater was dispensed, followed 
by additions of either 10 or 2096 v/v rainwater (RW) or distilled 
deionized water (DDW). Total bioassay volume was 900 cm’. 
Parallel N-NO; (100 and 200 parts per 10? (p.p.b.), P-PO2- 
(50 and 100 p.p.b.), and combined NO;/PO$ additions were 
also made A 10-u.Ci aliquot of '^C-NaHCO,; (68 Ci pmol 
ICN Corporation) was also added to each Cubitainer to monitor 
photosynthetic “CO, assimilation as a growth-response param- 
eter. All '*C assimilation results were corrécted for abiotic '*C 
precipitation and liquid scintillation quenching. The 
fluorometric determination of chlorophyll a in 90% v/v MgCO;- 
buffered acetone extracts served as an additional phytoplankton 
growth-response parameter. | 


Both oceanic and continental rain significantly (P«0.001) 


stimulated phytoplankton primary production as observed by 
both “CO, fixation and chlorophyll a production (Fig. 1). 
Stimulation was evident with both 10 and 20% v/v additions. 
The more acidic continental rainfall led to much higher magni- 
tudes of stimulation (Fig. 1). Typically, 30-70% higher phyto- 
plankton growth yields were observed in response to acidic as 
opposed to near-neutral rainfall additions. Parallel NO3 and 
РОЗ” additions consistently revealed exclusive NO3 stimulation 
of phytoplankton production during 1983-84. Acidic rain also 
led to more sustained periods of stimulation. Generally, 
enhanced (over control) phytoplankton growth, as monitored 
by chlorophyll a production, continued for 6-7 days in response 
to acid rain additions (Fig. 2). Near-neutral rainfall led to initial 
growth stimulation, which decreased after 2-3 days (Fig.2) 
Differential growth stimulation was not directly attributable to 
pH; neutralized (with NaOH) acid rain yielded results identical 
to untreated acid rain. Similarly, near-neutral rain made more 
acidic did not reveal greater stimulation. Furthermore, the addi- 
tion of either acid or neutral rain failed to alter (P « 0.001) the 
pre-existing pH of seawater significantly (pH — 8.36). Accord- 
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Fig. 1 Impacts of rainwater on Bogue Sound chlorophyll a pro- 
duction, and СО, assimilation‘ following a 5-day їп situ 
Cubitainer bioassay. All treatments were compared with controls 
(no additions). Both 10% and 20% v/v additions are shown. Rain- 
water collected on 4 September 1984 had a pH of 4.05, while 23 
September 1984 rainwater had a pH of 5.85. Parallel 10% and 
20% v/v distilled deionized water.(DDW) additions revealed the 
impacts of equi-volume nutrient-free freshwater dilutions on Bogue 
Sound Water. Parallel N-NO; (100 and 200 p.p.b.) and P-PO2- 
(50 and-100 p p.b.) additions consistently showed exclusive stimu- 
lation of phytoplankton growth by nitrogen. Error bars indicate 
variability among triplicate samples for each treatment. Biostimula- 
tion by all rainwater and N-NO; additions was significant (P « 
0.001) among the two growth parameters. 


ingly, I attribute differential stimulation among, as well as 
between, treatments and controls to contrasting levels of dis- 
solved inorganic nitrogen enrichment. 

Chemical analyses of sea water from all sampling locations 


' and bioassays demonstrated: (1) consistent NO; depletion but 


PO?” sufficiency during the main phytoplankton growth period 
(April-October); (2) rapid depletion of NO; and NH,/ NH4 
enrichments supplied in rainwater, but a lack of concurrent 
POj depletion either supplied in rainwater or as an individual 
nutrient, and (3) good agreement between the initial amount of 
NO3, NH,/ NH? present in rainwater and the duration of phyto- 
plankton growth stimulation. Lastly, a positive correlation , 
existed between МО; + NO; content and acidity of rainfall 
samples collected (ғ2 = 0.87; n = 15). , 

Five'additional bioassays, complementing those shown in Figs 
1, 2, revealed that phytoplankton growth was nitrogen limited 
throughout the spring and summer of 1984. Atomic ratios of 
dissolved inorganic N:P ranged from.1 to 5 (weighted mean of 
2.8), further evidence for consistent nitrogen-depleted condi- 
tions of these waters. 

The choice of 10-2096 (v/v) rainwater additions was based 


. on the impacts of rainwater dilutions on near-surface (0-5 m 


depth) salinities following large (1-5 ст) rainfall events in 
coastal waters, before the dilution observed by enhanced ter- 
rigenous freshwater runoff. Near-surface salinities were com- 
monly depressed by 2-3 p.p.t. immediately after such rainfall 
events. A 1096 v/v bioassay rainwater addition depréssed the 
salinity of coastal water by —2.2 p.p:t. Hence, such additions 
provide reasonable approximations of natural rainwater dilution 
effects on near-surface seawater. Large storm systems are likely 
to mix rainfall inputs:to depths >5 т; therefore, the estimates 
presented here apply to more localized short-lived storm 
activities, including the numerous summer thunderstorms and 
rapidly dissipating wintér cold fronts often observed in this area. 

Periodic offshore chlorophyll a samplings before and after 
storm events in 1984, substantiate bioassay-derived conclusions, 
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Fig.2 Chlorophyll a production ‘in Cubitainer bioassays sub- 
sampled daily following acidic versus: near-neutral' rainwater 
(10% v/v) additions. Acidic rainfall (pH = 3.92) characteristically 
showed higher magnitudes and longer-lasting-stimulatory effects 
than near-neutral (pH 6.12) rainfall Chemical analyses: of acidic 
rainfall yielded the following results N- NH; = 233 p.p.b., N- 


NO; +NO; —459 p.pib., P-PO2^-91ppb. Near-neutral rain- `` 


fall: N-NH3 —251 p p.b; N-NO; + NO; = 219 p.p.b., P-POj" = 
3 7 p.p.b. Control was untreated Bogue Sound water incubated in 
parallel Error bars show variability among triplicate samples 
Beyond day 2, all treatments were significantly (P <0 001) different 


from each other as well as, from the control. 
t 
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Fig.3 Major (>0.1 cm per day) precipitation events recorded at 
Morehead City, North Carolina versus surface chlorophyll a con- 
centrations sampled at an offshore loction 5 km south-east of Bogue 
Banks during July, August and September 1984. All chlorophyll a 
samples were from non-turbid waters free of runoff plumes and 


sediment resuspension. Extensive rainfall during mid- September . , 


was due to the passage of hurricane Dianna near the North 
Carolina coast. 


namely, that precipitation nitrogen inputs lead to significant 


localized enhancement of phytoplankton production im these’ 


nitrogen-depleted waters. Characteristically, a 2-day lag occurs 
between extensive rainfall and enhancement of near-surface 
chlorophyll a levels (Fig. 3). Chlorophyll a enhancement can 
last from a few days to several weeks. The initial (within 3 days) 
enhancement closely follows direct precipitation inputs, leading 
to small but detectable increases in NO; and NH,/NHj con- 
centrations. Freshwater runoff sources, as delineated by sus- 
pended fine-sediment plumes and the appearance of brackish 
water phytoplankton species and detritus, typically do not 
appear in these waters until 2-3 days after the onset of 


chlorophyll a enhancement. While direct precipitation inputs ' 
seem to be responsible for initial chlorophyll а enhancement, 


` terrigenous runoff probably sustains such enhancenient beyond 
a period of several days, 
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Experimental and observational findings indicate that local- 


‘ized inorganic’ nitrogen enrichment attributable to direct pre- 
cipitation inputs can lead to enrichment of marine primary 


production in near-surface waters. Annually, chlorophyll a con- 
centration ranges from, >1 to Sg I^! in these waters. The 


‘observed buildup of chlorophyll a concentrations following 
* direct precipitation inputs (Fig. 3) therefore constitutes a sub- 


stantial fraction of maximum levels. Acidic rainfall, being 


. enriched in NO3'and NO3; preceded the. highest magnitudes 
-of primary production stimulation. I therefore conclude that 


* Received 31 January, accepted 19 April 1985 


ю 


although pH impacts of acid rain are largely insignificant in 


"well-buffered.marine habitats, nutritive impacts are both detect- 


able and may Ье о? long-term consequence in shaping both 


' patterns and. magnitudes of phytoplankton production. Such 
„potential impacts are expected to be of greatest importance in 


waters bordering the eastern margins of land masses supporting 


' extensive industrial and urban development. These would 


include the eastern seaboards of the United States and the United 
Kingdom, the Baltic region and the Western Pacific waters 
bordering Japan, Korea and China. , 

This research was supported in part by North Carolina Sea 
Grant Project R/MER-1 and. NSF grant BSR 8314702. I thank 
J. Kohlmeyer for collecting rainfall data during 1984, and N. D. 
Bowles and P. T. Bland for technical assistance. 
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Weak neutral current and В radiolysis 
effects on the origin 
of biomolecular chirality 
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The possibility of a connection between the parity non-conserving 
weak interactions and the handedness of biomolecules has received 
recent attention’. Although the asymmetric effects of the weak 
interactions in molecules have been estimated to be very smal], 
Kondepudi and Nelson (KN)'°-’? have shown that autocatalytic 
chemical systems that spontaneously break chiral symmetry! ^? 
can effectively amplify systematic chiral perturbations as small as 
those produced by weak neutral currents^ ^^^, despite the simul- 
taneous presence of larger randomly fluctuating chiral perturba- 


- tions, and hence provide a mechanism for producing the observed 


homochirality of biomolecules. I show here, in the light of new 
estimates of the asymmetric decomposition of racemic mixtures 


‚Бу B radiation?, that the chiral selection parameter due to f 


radiolysis can be up to six orders of magnitude larger than that 
resulting from weak neutral currents. This suggests that В radioly- 


-sis is more likely to be the selector of biomolecular chirality than 


weak neutral currents. 
The same chemical kinetic model is usedi as in KN'° but 
the reactants S and T in the model are taken to be chiral, rather 


‚ than achiral as assumed by KN, and only homochiral combina- 


* tions of reactants with each other and with the autocatalytically 


formed product X are assumed to occur, for example, S, + T, + 


(XQ22X,; SptTytXp2Xjp. Here S and T could be, for 


example, chiral monomers which react to form a dimer X. 
Alternatively, this simple model could be interpreted as an 
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abbreviated approximation of a more complicated mechanism 
for the formation of a polymer X. Because all known bio- 
molecules capable of catalysing their own formation (the pro- 
tein/nucleic acid systems) are polymers formed from 
homochiral monomers, the assumption of chiral reactants rather 
than achiral ones seems a reasonable modification of the original 
KN model considered as а description of the autocatalytic 
formation of prebiomolecules. 

The kinetic model gives the 
kS T, — ka Xit kaS ТХ — 
formation of X; and a similar expression (with L and D inter- 
changed) for formation of Xp, where 5j, Tj, and X, denote 
molar concentrations of the corresponding substances. Accord- 
ing to these equations, the enantiomers X, and Xy are formed 
at different rates if the concentrations of reactants, assumed by 
KN'-? and in the present work to be constant or slowly varying 
in time, are such that S; T; is not equal to Sp Tp. The production 
of this inequality by asymmetric P radiolysis is considered 
below. 

An inequality in constant reactant concentrations is equivalent 
to an inequality in rate constants. With the definitions 7 = 
(5, — Sp)/(SL+ Sp) and S = (S,—S5)/2 for reactant S, which 
imply 5; = (1+ 7)5 and Sp = (1— 9)8, and with similar defini- 
tions for reactant T, the term k,S, Тү appearing in the rate 
equation can be written correct to first order іп as k,(1+ 
22) Т = Күү ST, where it has been assumed for simplicity that 
7 has the same value for both S and T, and where the last 
equation defines kj. Similarly, k,SpTp=k,ipST with k,p= 
(1-2n)k,. In the same way as for Кү, the terms containing kz 
are replaced by ones containing kj =(1+27)k, and ъ= 
(1—-2n)k,. Finally, the selection parameter, defined by KN as 
g 72(Kky — kip)/ (ki, Кр), is found to be related to 7 simply 
as g = 41. 

With the above definitions, the resulting rate equations are 
identical to those of the original KN model! but the physical 
origin of the asymmetries in the effective rate constants k, and 
kı is quite different. In the original KN model, weak neutral 
currents produce inequalities k; # kip and К # Кр which in 
typical organic molecules give a resulting selection parameter 
g=AE/RT~107'’, where AE is the parity nonconserving 
energy difference between enantiomers”~. In spite of its small- 
ness, KN have demonstrated that this value of g is sufficiently 
large to determine the eventual dominance of one of the enan- 
tiomers of X (refs 10-13). For comparison, we now consider 
the production of concentration inequalities S1 # Sp and T; = 
Tp by B radiolysis?^? of a racemic mixture of reactants (8 
radiolysis of X was also calculated and found to be less impor- 


expression dX,/dt= 


tant). Here the value of т created by the asymmetric decomposi- 


tion of the enantiomers depends on the strength of the B-ray 
source, the irradiation time, and the temperature. For organic 
compounds exposed to likely prebiotic sources of 8 radiation 
and temperatures below 80°C, 7 has been estimated" to attain 
values as high as 10 "^. It follows from the relation g —4 that 
the value of g resulting from В radiolysis can be up to five or 
six orders of magnitude larger than the value of g resulting from 
weak neutral currents. This dominance by. radiolysis is also 
expected for most chiral molecules containing heavy atoms, 
where the values of g are predicted to be larger for both types 
of interaction? ^5, 

Hence, it is predicted that 8 radiolysis can produce a much 
larger systematic chiral perturbation than produced by weak 
neutral currents. If a racemic mixture of reactants is exposed 
for a sufficiently long period of time to sufficiently strong В 
radiation sources such as those which may have been present 
in prebiotic times?, and 1f a symmetry-breaking autocatalytic 
chemical reaction of the type analysed by КМ№!0-'° then occurs, 
the chirality of the resulting product ıs more likely to be-deter- 
mined by В radiolysis than by weak neutral currents. Provided 
that an effective autocatalytic chemical reaction can be realized, 
an experimental test of this prediction seems possible using 
existing intense sources of 3 radiation’. 

I thank A. Rich and J. Van House for discussions. 


k_,X? — k, X, Ху, for the rate of. 
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It has been suggested that arginine vasopressin (AVP) is involved 
in the retention of learned responses, in addition to its classical 
physiological functions of water retention and modulation of blood 
pressure. AVP administered subcutaneously (s.c) intraven- 
tricularly or intracerebrally can prolong extinction of active avoid- 
ance behaviour"? and can enhance retention in inhibitory (passive) 
avoidance" 5, These effects have been interpreted as a direct action 
of AVP Du the central nervous system to facilitate memory consoli- 
. AVP also has facilitatory effects on cognitive function 
in humans ^, and marked deficits in AVP function have been associ- 
ated with certain types of psychopathology’. Alternative hypotheses 
for the behavioural actions of AVP have involved motivational 
constructs such as arousal®, and our recent work has focused on 
the role of arousal resulting from the activation of peripheral 
visceral signals in the behavioural effects of peripherally 
administered АУР, The development of a specific antagonist 
for AVP”, 1-deaminopenicillamine-2-O-methy] tyrosine arginine 
vasopressin (dPTyr(Me)AVP), which can reverse the behavioural 
effects of exogenously administered АУР?-!?, has provided a 
powerful tool for examining the role of AVP in the behavioural 
responses produced by physiological challenges known to release 
vasopressin. However, the relationship between the behavioural 
effects of exogenously administered AVP and the behavioural 
function of endogenously released AVP has not been evaluated. 
We report here that a potent peripheral osmotic stimulus, the 
intraperitoneal (i.p.) injection of hypertonic saline, at doses known 
to release AVP both centrally'* and peripherally’*, will produce 
behavioural effects similar to those of exogenously administered 
AVP. Furthermore, the prolongation of ‘active avoidance induced 
by this osmotic stimulus is reversed -by pretreatment with 
dPTyr(Me)AVP, suggesting that endogenously released AVP may 
also produce behavioural effects. 

Male Wistar rats (150-220 g), each handled and weighed once 
previously, were trained to avoid shock in a pole jump apparatus 
as described previously’. Briefly, during the initial training of 
the active avoidance response, the rats were subjected to 10 
trials per day where a.5-s conditioned stimulus preceded a 
0.3-0.5-mA footshock to the floor. A response during the 5-s 
conditioned stimulus (light illumination) was recorded as an 
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Fig. 1 Effects of different doses of hypertonic saline on extinction 
of active avoidance Rats were injected with saline1 p immediately 
after the first 10 extinction trials on day 4 of testing. * Significantly 
different from the saline group, P « 0.05, Student's t-test following 
a significant overall analysis of variance for each separate extinc- 
tion session. Numbers of subjects were 83, 11, 52, 34, 11 and 42 
in the saline, 0.5 M, 10M, 15 М, 20 М NaCl and. AVP (1 pg per 
rat, ~5 4 pg per kg) groups, respectively 


avoidance and the inter-trial interval was 40, 60 or 80 s, randomly 
assigned across trials. Following 3 days of acquisition, rats were 
subjected to a fourth day of extinction testing with all conditions 
identical except that the shock was turned off. Only those rats 
meeting the previously established acquisition/extinction 
criteria’? were treated; these rats all showed 214 successful 
avoidance responses during acquisition and =8 avoidances dur- 
ing the first 10 extinction trials. Only these animals were used 
in the experiment. This criterion was similar to that used by De 
Wied and associates! and eliminated 10% of the rats. Four 
blocks of 10 trials each were run; after the first 10 trials, each 
rat was treated with either 0.9% saline s.c., 1 ug of vasopressin 
dissolved in 0.996 saline, or different concentrations of hyper- 
tonic saline (0.25-2.0 M) injected i.p. in a volume of 2 ml. 

Extinction testing was continued for three more blocks of 10 
trials, one block every 2 h. Drinking water was available during 
the testing period. In a second experiment, the procedure was 
identical except that rats received two injections immediately 
after the first 10 trials of extinction: 0.9% saline or the AVP 
pressor antagonist was injected s.c., followed immediately by 
1.0 or 1.5 M NaCl as an osmotic stimulus. All testing was done 
under ‘blind’ conditions, that is, the experimenter did not know 
which rats received which treatments. Each 4-day testing series 
consisted of 20 rats randomly assigned to the treatment groups. 
Each series always contained rats receiving 0.9% saline and 
AVP s.c., and groups receiving hypertonic saline injections com- 
bined with the antagonist were always tested with a group 
receiving hypertonic saline alone. As a result, many more rats 
were included in the 0.9% saline (control) group and the AVP 
group. f 

The hypertonic saline was injected i.p. to replicate previous 
studies which measured AVP levels and plasma osmolality. 
These doses are similar to those used by others to show 
dose-dependent increases in plasma osmolarity and plasma AVP 
levels. In that study, a dose identical to our 1.0 M NaCl dose 
in rats of the same weight produced plasma osmolarity of 
305 mosm per kg and a plasma AVP level of 10 pg ті". 
Measurements of AVP in the blood in our laboratory (S. Deyo, 
W. J. Shoemaker, A. Ettenberg, F.E.B. and G.F.K., unpublished 
results) revealed plasma levels of 13.1 +2.2 to 28.4+3.5 pg m! 
20 min after s.c. injection of behaviourally effective doses of 
AVP (0.1-1.0 wg per rat). Thus, the osmotic stimuli used here 
produce plasma AVP levels within the range of those produced 
with exogenous injection. A similar osmotic challenge (2 and 
4ml of 2M NaCl) in anaesthetized rats provoked a dramatic 
increase in AVP release into a push-pull cannula localized to 
the lateral septum™. 
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Fig.2 Effects of the AYP antagonist on the prolongation of 
extinction produced by hypertonic saline. Data shown represent 
only those from extinction session III, but results from extinction 
session IV were identical. * Significantly different from hypertonic 
saline alone, P « 0 05, Student's t-test following a significant over- 
all analysis of variance for each logical grouping; t significantly 
different from saline, P «0.05. Numbers of subjects were 83, 52, 
21, 34, 10 and 42 for the saline, 1.0 M NaCl only, 1.0 M NaCi+ 
5.0 рв per rat (—27 wg per kg) dPTyr(Me)AVP, 1 5 M NaCl only, 
1.5 M NaCl + 10 pg per rat (~54 ug per kg) dPTyr(Me)AVP, and 
AVP, respectively. Saline, 1.0 M NaCl, 1.5 M NaCl and AVP 
groups are the same as in Fig. 1 for extinction session III. 


Hypertonic saline injection produced a dose-dependent pro- 
longation of active avoidance, reaching significance at doses of 
1.0 and 1.5 M NaCl (Fig. 1); data from 0.25 M NaCl were not 
different from controls and are not shown. These results were 
virtually identical to those produced by 1 wg AVP injected s.c. 
Following the injection of hypertonic saline, the rats showed 
some irritability and occasionally some vocalization, but these 
effects disappeared within 2-3 min. Note that the rats receiving 
this hypertonic saline injection showed no greater ill effects than 
those observed following AVP. For example, exogenously 
administered AVP in behaviourally effective doses produces 
taste aversions in rats'* and hypertonic saline at the higher doses 
used in these avoidance experiments (1.5 and 2.0M NaCl) 
produced similar taste aversions (R.D. and G.F.K., unpublished 
results). 

At 5 pg per rat, the vasopressin antagonist produced an attenu- 
ation of this effect of hypertonic saline (Fig. 2). A similar reversal 
was seen with 10 wg antagonist after treatment with 1.5 M NaCl 
(Fig. 2). Preliminary results indicate that this effect may be 
dose-dependent, in that 2.5 ug antagonist did not attenuate the 
prolongation of extinction produced by 1 M NaCl (mean+ 
s.e.m., number of avoidances for extinction session III were 
5.90 3: 1.17 for 2.5 рв per rat compared with 5.79 + 0.49 for 0 ug 
per rat). 

These results demonstrate that an interoceptive osmotic chal- 
lenge (hypertonic saline), known to release AVP, can mimic the 
effects of exogenous AVP on learned behaviour. Further, this 
behavioural effect is reversed by an AVP receptor antagonist, 
suggesting a causal relationship between the endogenously 
released AVP and the behavioural change. Similar doses of the 
AVP antagonists have been used to reverse the behavioural 
effects of exogenously administered AVP in various learning 
tasks?-!9, 

It 15 unlikely that the antagonist effect in the present experi- 
ment is due to an action of the antagonist itself, independent 
of endogenously released AVP, for example by a general sedative 
or tranquillizing action. Except for the 100 ug dose?, we have 
observed no effect with this antagonist in reversing prolongation 
of active avoidance produced by high shock levels during train- 
ing. Also, the AVP antagonist did not significantly alter caffeine- 
stimulated locomotion at doses from 2.5 to 10 wg per rat (—17- 
67 wg per kg, see Table 1a). Analysis of variance of these data 
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Table 1 Effects of AVP antagonist dPTyr(Me)AVP on caffeine-stimu- 
lated locomotor activity (a) and performance 1n a multiple-schedule 
operant conflict test (Б) 





dPTyr(Me)AVP dose 
2.5 pg 5.0 pg 10.0 pg 
a Saline (17 wg per kg) (33 pg per kg) (67 ug per kg) 
1,238 + 103 1,032 + 145 1,512 +283 1,487 + 294 
n=6 n=6 n=5 n=7 
dPTyr(Me)AVP dose 
10 pg 20 ug 
b Component Saline (27 ug per kg) (54 wg per kg) 
Random interval 
30-s schedule 108418 117418 111429 
Conflict 122+30 113419 113222 
n=5 n=5 n=5 


a, Activity was measured automatically in standard photocell activity 
cages 1n continuous 10-min epochs for 90 min following injection of 
dPtyr(Me)AVP s.c. and 10 mg per kg caffeine (base). For details see 
ref, 30 b, Food-deprived rats previously trained on the conflict multiple 
schedule were given dPTyr(Me)AVP s.c. 5 min before an 18-min test 
session. Schedule and testing procedure are described in ref 16 


showed no dose effect and no dose Xtime interaction (both 
F <1). The AVP antagonist also failed to produce any sedative- 
like actions in an operant Geller-Seifter conflict test! that is 
very sensitive to minor tranquillizers. It did not alter high-rate 
responding maintained by the random interval 30-s schedule, 
and also failed to produce a release of punished responding in 
the conflict component (Table 15). Finally, the antagonist did 
not reverse apomorphine-induced taste aversion (R.D., R. M. 
Bluthe, G.F.K. and M. Le M., unpublished observations). 
Although it is possible that tlie hypertonic saline produced 
elevations in blood pressure that contributed to the behavioural 
effects, NaCl-induced changes in blood pressure are also 
reversed by these vasopressor AVP antagonists", indicating that 
such a role for pressor responses as an intervening variable with 
NaCl would be similar to that seen with exogenously 
administered AVP". 

Finally, these and other recent data" ^ reopen the question 
of the nature of brain-pituitary interactions. One unresolved 
problem concerns the mechanism mediating this AVP 
behavioural response. For example, there is little evidence that 
AVP itself crosses the blood-brain barrier, particularly at doses 
that would be liberated from the pituitary in the conditions of 
the present experiment!®-??, Furthermore, central AVP pathways 
exist independently of the classical hypothalamo-posterior 
pituitary projection”, and both central and peripheral AVP are 
released by the osmotic challenge used here!*?. De Wied and 
co-workers have argued for a central site of action based on the 
observation that a new analogue of vasopressin (pGlu^, 
Cyt$AVP(4-8)), when injected peripherally, is much more active 
than AVP itself in facilitating passive avoidance”’. This analogue 
has no pressor activity and its effects can be reversed by an even 
more potent AVP pressor antagonist injected in nanogram 
amounts intracerebroventricularly. Our earlier work showed that 
dPTyr(Me)AVP can reverse the effects of centrally administered 
AVP”, but will only reverse the behavioural effects of 
peripherally injected AVP when injected centrally in doses 
sufficient to reverse the peripheral pressor effects of the same 
doses?"?*, From this we hypothesize an effect of AVP from both 
central and peripheral sources acting independently but in a 
homologous fashion’. Thus, in the present experiment, the 
behavioural change following osmotic challenge could result 
from a release of AVP from the pituitary and/or the central 
nervous system. 

These results also have important implications for our concep- 
tualization of the role of AVP in behaviour and of brain-body 
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interactions in learning. Clearly, an AVP reserve sufficient to 
change or even mobilize behaviour, is available in situations of 
extreme challenge. It will be critical to determine whether other 
cues can activate this sytem, and how this mechanism works, if 
at all, in normal behaviour. 

We thank Dr Jean Rivier for providing AVP and 
dPTyr(Me)AVP; Rose-Marie Bluthe, Jean Mexmain and Achim 
Raab for help with testing the rats; and Nancy Callahan for 
manuscript preparation. This work was supported by NINCDS 
grant NS 202912-01 to G.F.K., CNRS NSF grant INT 8215308 
to M.Le.M. and G.F.K., and INSERM CL grant to M.Le.M. 
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It is now established that a key step in the action of calcium- 
mobilizing agonists is stimulation of the hydrolysis of phospha- 
tidylinositol 4,5-bisphosphate (PtdIns(4,5)P;) to 1,2-diacylglycerol 
and inositol 1,4,5-trisphosphate (InsP;)'7. The latter substance 
acts as a second messenger, controlling the release of calcium 
from intracellular stores (see ref. 3 for review). The bifurcating 
nature of the signalling system is exemplified by the fact that the 
other product of PtdIns(4,5)P, hydrolysis, 1,2-diacylglycerol, can 
alter cellular function by activating protein kinase C, the cellular 
target for several tumour-promoting agents such as the phorbol 
esters^?. In various tissues, including GH, pituitary tumour cells, 
a synergistic interaction between calcium ions and protein kinase 
C underlies agonist-induced changes in cell activity*$-!?. The data 
presented here suggest that when СН; cells are stimulated by 
thyrotropin-releasing hormone (TRH), an agonist inducing 
PtdIns(4,5)P, hydrolysis!'^!^, the two limbs of the inositol lipid 
signalling system interact to control free cytosolic calcium levels 
([Ca?*1). At low levels of TRH receptor occupancy, [Ca?*], 
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increases rapidly, then declines relatively slowly. As receptor 
occupancy increases, the calcium signal becomes more short-lived 
due to the appearance of a second, inhibitory, component. This 
latter component, which is enhanced when [Ca?* is elevated by 
high potassium depolarization, is mimicked by active phorbol 
esters and by bacterial phospholipase C. It seems likely that protein 
kinase C subserves a negative feedback role in agonist-indüced 
calcium mobilization. Е 

When TRH was added to СН, cells which had been pre- 
loaded with the fluorescent calcium indicator, Quin-2 (ref. 15), 
there was a rapid increase in fluorescence, indicative of an 
elevation in [Ca?*], (refs 16-20). Figure 1а shows, in confirma- 
tion of previous results”, that the kinetics of the TRH-stimulated 
calciuni signal is concentration-dependent; low concentrations 
of TRH (107? M) stimulate a relatively long-lived response, 
while higher concentrations of the peptide give a larger, more 
transient response. The revetsal of the calcium signal with ele- 
vated TRH concentrations was more readily seen when the 
peptide was added following stimulation with high KCl, which 
has been shown to increase [Ca?^*], by opening voltage-sensitive 
calcium channels!6-1?2*22, Low concentrations of TRH had по 
effect in these conditions, while with higher concentrations, an 
initial increase in fluorescence was rapidly superceded by an 
inhibitory component (Fig. 1b). The calcium dependence of the 
inhibitory mechanism is examined in the experiments summar- 
ized in Fig. 1c. Pre-stimulation with different concentrations of 
KC] allows [Ca?*], to be titrated to various levels. In the experi- 
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Fig. 1 Effect of TRH on cytosolic free calcium levels in untreated 
GH, cells and ın GH, cells previously exposed to depolarizing 
concentrations of KCI a, Response of Quin-2-loaded GH, cells 
to different TRH concentrations Note that the decay of the calcium 
signal is considerably enhanced with high concentrations of the 
peptide. b, Response when TRH was added 2 min after addition 
of a depolarizing concentration of KCl Addition of a similar 
concentration of NaCl had no effect on [Ca?*].. с, GH, cells were 
exposed to different concentrations of KC! before the addition of 
TRH. Note that TRH had a marked inhibitory effect only when 
the highest concentration of the depolanzing stimulus was used | 
Methods. GH; cells were grown as described previously? in Ham's 
F10 medium supplemented with antibiotics, horse serum and fetal 
calf serum. For all experiments, the cells to be used were suspended 
in a balanced salt solution (BSS). Cytosolic free calcium was 
estimated using Quin-2P Cells (3:5 x 105 ml‘), loaded with 2x 
1075 M Quin2/AM, the tetraacetoxymethyl ester of Quin-2, for 
15 min at 37 °C, were washed twice in BSS and stored until use at 
room temperature їп a darkened container. Immediately before 
use, the cell samples were centrifuged (14,000 g, 5 s) and resuspen- 
ded in fresh BSS (pre-equilibrated at 37 *C) at a cell concentration 

_ of 3-5 X 10° ml~'. Fluorescence measurements were made at 37 °C 
on stirred samples (2 ml) of these cells using a Perkin-Elmer LS-3 
spectrophotofluorimeter; excitation wavelength, 339 nm, emission 
wavelength, 492 nm. At the end of the analysis, 5 x 10? M digitonin 
was added to measure the maximum fluorescence (Fmax) and then 
excess alkaline EGTA was added to measure minimum fluores- 
cence (Елы) The values of [Ca?*], were calculated from the 
equation: [Ca?*], = Kp x (F — E,,,)/ (Fu, — F), taking a value of 
115 nM as the Kp of Quin-2 for Ca** (ref 15) Neither TRH nor 
any of the other drugs used in this study had any effect on the 
fluorescence of GH; cells which had not been loaded with Quin-2 

(data not shown). 
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ment shown in Fig. 1г‚ the [Ca?*], values immediately before 
TRH addition were 11D, 205 and 440 nM when the concentration 


of the depolarizing stimulus was 5, 20 and 40 mM KC], respec- 


tively. Subsequent addition of TRH (1077 M) led to a marked 
inhibitory effect only with 40 mM KCI (Fig. 1c). 
There is considerable evidence that phorbol esters activate 


` cellular processes by mimicking the effects of 1,2-diacylglycerol 


on protein kinase C^??^, Addition of active phorbot esters such 
as 48-phorbol 12-myristate 13-acetate (PMA, 10 ?-10 $ М) to 
GH, cells had no significant effect on the resting [Ca?*], (Fig. 2) 
or on the cellular content of InsP; (Fig. 2 legend). Addition of 
PMA (10% M) to GH; cells 5 min before the addition of TRH 
resulted in a partial inhibition of the TRH-induced rise in [Ca?*], 
(Fig. 2) and a reduction in the ability of the peptide to increase 
InsP; levels (Fig. 2 legend). The inhibition of both responses 
was especially marked when low concentrations of TRH (107'°- 
10^? M) were used. 

When PMA (5 x1077 M) was added to GH; cells previously 
stimulated with 40 mM KCl, [Ca?*], decreased after a lag of 
30 s (Fig. За). This inkibitory effect, unlikethat following TRH 
addition (Fig. За), was not preceded by an increase in [Ca?*].. 
Other phorbol esters such as 48-phorbol 12,13-didecanoate also 
produced a reduction in [Ca?*], in the above conditions, whereas 
agents which are inactive or only weakly active in stimulating 
protein kinase C??575, such as 48-phorbol or 4a-phorbol 12,13- 
didecanoate, were inactive at concentrations of 2 x 107° M (data 
not shown). 
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Fig. 2 Effect of 48-phorbol 12-myristate 13-acetate (PMA) on 
basal and TRH-stmulated cytosolic free calcium levels in GH; 
cells The cytosolic free calcium concentration of Quin-2-labelled 
GH, cells was measured as described in Fig. 1 legend. The traces 
in a, b and c show the effects of preincubation of GH, cells for 
5 min with dimethyl sulphoxide (vehicle of PMA, 0.1% (v/v) left) 
or РМА (1075 M) (right) Dimethyl sulphoxide, at this concentra- 
tion, did not alter the basal level of [Ca?*], or affect the response 
of the cells to TRH (data not shown). Note that although PMA 
did not significantly reduce basal levels of [Ca?*], in GH, cells, it 
did reduce the response (and, in particular, the rate of rise) to 
TRH (10739-1077 M). The GH, cell content of InsP}, measured as 
described in Table 1 legerid, was unaffected by 5 min preincubation 
with PMA (1075 М) (4,622::533 d p.m. per sample, control; 
4,517::286 d p.m. per sample, PMA-treated). This value rose 
within 5s of TRH addition to 5,8664177 (107? M TRH) and 
9,777+711 (1077 M TRH) d.p.m. per sample. Corresponding 
values in PMA-treated cells were 5,016+187 (5s, 10° M TRH) 
and 6,933 +177 (5s, 107 M TRH) d p m. per sample. 
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Table 1 Effect of bacterial phospholipase C on the GH; cell content 
of 1,2-diacylglycerol and inositol trisphosphate 





Incubation 
time 1,2-Diacylglycerol InsP, 

Addition (s) (d.p.m. per sample) 

Control — 1,756+ 80 1,079 + 182 

Phospholipase C 180 7,756 + 869* 1,278 + 100 
(0.1 U mI!) 

Phospholipase C 360 12,624 x 367* 1,427 x98 
(0.1 U mI!) 

Phospholipase C 30 3,188 + 2031 1,079 + 132 
(0.5 U mi^!) 

Phospholipase C 180 17,800 + 221* 1,560 + 50 
(0.5 U mI?) 

Phospholipase C 30 8,824 + 363* 1,328 + 66 
(250 mtr) 

Phospholipase C 180 36,450+ 1610* 2,872 + 2821 
(2.5 U mI!) 


The GH, cell content of 1,2-diacylglycerol and InsP; was measured 
in cells which had been pre-labelled to isotopic equilibrium with ?H- 
glycerol (25 С: per dish) or ?H-inósitol (5 Ci per dish) respectively. 
The methods have been described previously'^!^, Briefly, GH, cell 
suspensions (0.5 ml), pre-labelled for 3-4 days with ?H-glycerol or 
3H-inositol (Amersham International), were incubated with phos- 
pholipase C (from Clostridium perfringens, Sigma lot 53F-9007) for the 
times indicated The reaction was stopped by the addition of 1.5 ml 
chloroform/methanol (1:2 v/v; for 1,2-diacylglycerol extraction) or 
0.5 ml 2096 (w/v) trichloroacetic acid (for InsP, estimation). The cell 
content of the two products of PtdIns(4,5)P, hydrolysis were then 
measured as outlined in refs 13 and 14 In different experiments, the 
samples of cell suspension contained 0.4-0.6 mg of cellular protein. The 
values shown are the means t s.e m. for three or four samples. 

* P<0.001; T P«0.01, significantly different from the untreated 
control 


Addition of bacterial phospholipase C to GH; and various 
other cells stimulates 1,2-diacylglycerol formation and activates 
protein kinase C-dependent protein phosphorylation and cellu- 
lar responses???-??, We found that low activities of the enzyme 
(100 mU m^!) led to a reduction in [Ca?*], after a lag of 3 min 
(Fig. 3b). At this time, cellular 1,2-diacylglycerol levels increased 
significantly, with no change in InsP; content (Table 1) and, as 
reported elsewhere’, protein kinase C-dependent protein phos- 
phorylation also increased. Higher enzyme activities led to more 
rapid increases in 1,2-diacylglycerol content in the absence of 
changes іп cell InsP; levels (Table 1), and this was also associ- 
ated with a decrease in [Ca?*], (Fig. 3b). When the incubation 
time was lengthened, however, phospholipase С (7500 mU 
ml !) did elicit an elevation in InsP, (Table 1). As might be 
expected from the effects of InsP; on various cells, this was 
associated, in the absence of depolarization, with a rise in [Ca?*], 
(Fig. 3c) or, in the presence of depolarization, with a temporary 
stabilization of [Ca?*], (Fig. 3b). 

There is now strong evidence that TRH, acting on GH; cells, 
produces the initial rise in [Ca?*], by a mechanism dependent 
on InsP,-stimulated release of intracellular calcium?°*?. Other 
studies show that this mechanism is fully activated at relatively 
low levels of receptor occupancy?) The second, inhibitory, 
mechanism, which predominates at high levels of receptor 
occupancy, seems to be under the control of protein kinase C, 
as it can be mimicked by treatments that activate the enzyme 
in the conditions used. Moreover, at the time the inhibitory 
phase is becoming evident, 1,2-diacylglycerol levels have already 
been elevated by TRH!?^P, It is possible that the inhibitory 
mechanism is effected by: (1) stimulating the intracellular 
sequestration of calcium, (2) stimulating calcium extrusion from 
the cell, (3) inhibiting calcium mobilization or (4) blocking 
calcium entry across the plasma membrane. The latter two 
explanations seem unlikely, as the inhibitory effect occurs with 
either TRH or depolarization as the stimulus for calcium éleva- 
tion; there is good evidence!?! that the source of calcium differs 
1n the two cases, with intracellular calcium the source for the 
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Fig. 3 Effect of agents that stimulate protein kinase C activity on 
cytosolic free calcium levels in GH; cells. The cytosolic free calcium 
concentration of Quin-2-labelled GH, cells was monitored as 
described in Fig. 1 legend. The traces in a show representative 
responses of GH, cells to the addition of TRH апа PMA. The 
dotted line indicates the control response Note that the phorbol 
ester elicited a reduction in [Ca?*], without a preceding rise. b, c, 
Effect of addition of bacterial phospholipase C (PL-C) The enzyme 
(from C perfringens, Sigma lot 53F-9007) elevated [Ca?*], itself 
after а lag of —60s (panel c) when high activities were used. In 
cells whose [Ca**], had previously been elevated with KCl, phos- 
phlipase C induced a reduction in the level of the cation (panel 
b). The onset of the response was dependent on the activity of the 
enzyme used. Corresponding changes 1n the cell content of 1,2- 
diacylglycerol and InsP, are shown in Table 1 


TRH effect and influx of extracellular calcium the mechanism 
by which high К? elicits its effect. Indeed, the TRH-induced 
calcium signal still fades rapidly with high concentrations of 
the peptide in the presence of 2 mM EGTA (data not shown). 
It is evident, nevertheless, that activators of protein kinase C 
can inhibit the TRH-induced rise in InsP, and [Ca?*], іп GH, 
cells and diminish calcium mobilization and phosphatidate 
accumulation in other cells***>. It is unlikely, however, that this 
effect underlies the inhibitory phase of TRH action because: 
(1)this phase is mimicked by phorbol esters in conditions in^ 
which no InsP, formation occurs (with high K* as the stimulus), 
(2) levels of InsP, remain elevated in response to TRH for at 
least 30 min after peptide addition, although the calcium signal 
fades rapidly with high concentrations of TRH?? and (3) such 
a block of InsP; production cannot reasonably explain why 
TRH is. able to decrease [Ca?*], below the elevated steady-state 
value achieved after high K* depolarization; only the increment 
dueto TRH would be expected to be reversed by this mechanism. 
It seems likely that the inhibition of InsP; formation represents 
an additional mechanism which may have a general role in 
limiting information flow through the inositol lipid signalling 
system in chronically stimulated cells, rather than over the initial 
seconds of the agonist-induced response. The most plausible 
mechanism for the inhibitory phase of TRH action, as studied 
here, is that sequestration or extrusion of the cation is facilitated 
by protein kinase C. ATP-dependent calcium transport across 
both intra- and extracellular membranes has been reported to 
be sensitive to protein kinase С?” Further work is under way 
to clarify this point. 

Whatever the mechanism, it is evident that both elevated 
[Ca?*], and 1,2-diacylglycerol levels are required for the negative 
feedback system to operate effectively. This suggests that the 
mechanism by which calcium is removed must be primed with 
an appropriate amount of calcium before it can be modulated 
by protein kinase C—an elegant and economical way of buffer- 
ing excessive changes ın [Ca**], after agonist stimulation. These 
data demonstrate the flexibility of control which is a major 
advantage of the bifurcating inositol lipid signalling system. 

I thank the Medical Research Funds of the University of 
Glasgow and the Wellcome Trust for supporting this work. 
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MR, Mixtures of Ca and Quin-2 that buffer an ionized Ca?* 
at close to physiological concentrations also block Na,-dependent 


Ca** influx but these same mixtures fail to block the extracellular: 


Na* (Na,)-dependent extrusion of Ca?*, showing that Quin-2 acts 
specifically on Ca?* inflow. n Е А 

' Depending on the size and direction of the electrochemical 
gradient for Na*, 
movement of Ca?* 
the exchange fluxes are most easily monitored either as the 
Ca,-dependent "Na efflux: (Ca,/Na, exchange mode) or the 


Na, -dependent 4Са efflux (Na,/Ca, exchange mode)". Because ' 


external ‘Nat and Ca?* compete for the exchanger, Ca,-depen- 
dent ?Na efflux is most conspicuoüs in Na*-loaded axons 
immersed in Na*-free media®, although a small ‘component is 
detectable i in physiological. conditions. Figure 1 shows an experi- 
ment in which both the @a,-dependent Na efflux (Ca,/Na, 
exchange) and the K,-dependent "Na efflux (Na/K exchange 


pump) were monitored before and after injection of Quin-2 to : 


givé a final axoplasmic Quin-2 concéntration of —300 uM. 
Within 2 min of injecting the Quin-2, the Ca,-dependent Na 


efflux started to fall and after 10 min «1096 of the initial Ca,-. 
dependent ? "Na efflux was detectable. Subsequent examination | 


of the K,-dependent "Na efflux revealed that the Na/K pump 
was essentially unaltered, showing that Quin-2 selectively 


inhibits the Ca,/ Na, exchange flux. Essentially similar results | 


were obtained with final axoplasmic Quin- 2 concentrations as 
low as 150 pM. Inhibition by Quin-2 is not confined to the 
Cao- dependent ?Na efflux: the-associated Ca^* influx i is also 


the Na/Ca exchange system can effect net’ 
éither into or out of the cell. For squid axons . 
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Until recently, intracellular free calcium has been amenable to 5 
measurement and investigation only in cells large enough to permit g. 
either microinjection of a suitable Ca sensor such as aequorin or .& 0,0010 
arsenazo III or insertion of a Ca-sensitive microelectrode’. This 5 
constraint on cell size was removed by the development of the t 
fluorescent Ca?*-sensitive dye Quin-2 and its acetoxymethyl ester, ire 
which can be introduced into a wide: range of cell types^^ . À major 
requirement of any intracellular Ca?*. indicator is that it should 0 
not disturb intracellular Ca** homeostasis and-Quin-2 is generally, . 
considered to be satisfactory in this respect. We now report that- [miM] 
injection of Quin-2 into squid (Loligo forbesi) axons can almost ^ Р" 
сонра ву abolish one component of Ca?” entry—intracellular ° 
* (Na) dependent Ca^" inflow, which occurs via Na/Ca Ca n 
o 





Fig. 1 Effect of Quin-2 injection on the vanous components 
of the ??Na efflux from an'axon of Loligo. forbesi. The magni- 
tude or the sodium pump flux was first determined as the reduction 
of the ?Na efflux brought about by removing external КЎ In the 
absence of K*, subsequent iso-osmotic replacement of NaCl by 
LiCl activates the ?^Na efflux and the whole of this activated flux 


‘is dependent on external Са?*. Injection of Quin-2 selectively 


inhibits the Ca,-dependent ??Na efflux, because subsequent re- 
introduction of potassium still activates a large ouabain-sensitive 
?2Na efflux. The different symbols reflect solution changes, as ` 
indicated at the bottom : 

Methods. After dissecting away the surrounding small nerve fibres, 


‘the giant axon was cannulated, and injected with а small patch of 


22Na. The ihjector was removed, loaded with 10 mM Quin-2 
(tetrapotassium salt; Calbtochem) in 100 mM MOPS buffer, pH 7 4 
and reinserted. Sampling of ??Na in the superfusate began 65 min 
after injectton of isotope. The membrane potential was monitored 
continuously by means of an axial intracellular microelectrode At 
-the time indicated by the arrow, Quin- 2 was injected so that the 


column of Quin-2 overlapped the region of axon containing ??Na. 


The artificial sea water contained 400 mM NaCl, 100 mM MgCl, 
2.5 mM NaHCO,, pH 7.8 with potassium and calcium as indicated. 
"Periods for, which NaCl was replaced iso-osmotically by LiCl are 
"indicated at the the bottom, and the membrane potential (uncorrec- 
тей .Ѓог any junction potential) at the top. The axon was from a 
squid killed at sea and brought to the laboratory in refrigerated 
sea water; this'results in appreciable Na*-loading of the axon, 
which increases the size of the Ca,/Na, exchange flux. Axon 
diameter:830 um. Temperature 17 °С. 


M ЕТТЕВЅТОМАТЦВЕ 


inhibited Thus the Ca?* influx into control axons preinjected 
with morpholinopropanesulphonic acid (MOPS; 3.5 mM final 
concentration, pH 74) and subsequently immersed in Li- 
seawater was reduced to 25% of its initial value after injection 
of the same buffer containing Quin-2 to give an axoplasmic 
Quin-2 concentration of ~350 рМ. As Na,/Ca, exchange is only 
one component of the measured Ca?* influx, this may reflect a 
larger inhibition of the Na,/Ca, exchange morety. 

It has been known for some years that injection of EGTA 
into axons can inhibit Ca,-dependent Ма efflux and the associ- 
ated Ca?* influx’, and the data of Fig 1 shows that the chemi- 
cally related Quin-2 closely resembles EGTA ın this respect. 
Both Quin-2 and EGTA are still effective inhibitors when in- 
jected with sufficient calcium to give a buffered free Ca?* con- 
centration close to the physiological value of 100 nM. Tests with 
other chelators revealed that injection of BAPTA (bis( O-amino- 
phenoxy)ethane- №, №, N', N'-tetraacetic acid), EDTA or NTA 
(nitrilotriacetic acid) to give a final axoplasmic concentration 
in the range 0 5-1.0 mM also inhibits selectively the Ca,/Na, 
exchange. In the same concentration range, arsenazo III exhibits 
a transient inhibition only. Of particular interest is the finding 
that injection of the chelator 1,2-dihydroxybenzene-3,5-disul- 
phonate (Tiron), 1 mM final concentration), which has a very 
low affinity for Ca?* but fairly high affinity for many heavy 
metal divalent cations’, fails to block Ca,/Na, exchange. 
Although this result suggests that those chelators which block 
do so by stabilizing free Ca?* and not by removing another 
essential divalent сайоп!®, other possibilities are not completely 
excluded 

While the present experiments demonstrate that calcium- 
chelators can block Na* and Ca?* movements via Ca,/ Na, 
exchange, the same chelators have little or no effect on Na,/Ca, 
exchange. Thus, injection of a mixture of 50 mM Quin-2 and 
25 mM CaCl, which buffers the free Ca?* close to the physio- 
logical concentration, does not alter the properties of the Na,- 
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dependent “Ca efflux (Na,/Ca, exchange). Essentially similar 
results are seen after injection of Ca?*-EGTA mixtures It would 
seem that Ca,/ Na, exchange is particularly vulnerable to inhibi- 
tion by intracellular chelators. 

Experiments on dialysed axons provide a possible explanation 
for these findings" Ca,/Na, exchange requires micromolar 
amounts of intracellular for Ca?* for activation. It is unknown 
why Ca, ıs needed to promote Са?* inflow but it seems to 
constitute a form of positive feedback which can be disrupted 
by the presence within the cell of a strong chelator’. 

These findings have two important implications: (1) experi- 
ments on Quin-2-loaded cells may fail to reveal Ca?* inflow via 
Ca,/ Na, exchange, especially when the Quin-2 level in the cell 
1s 2150 uM, which 15 quite common in Quin-2 studies (2) 
Loading cells with millimolar amounts of Quin-2 (as the acetoxy- 
methyl ester) might provide a relatively simple means of effecting 
selective inhibition of the Ca,/ Na, exchange mode of the Na/Ca 
exchanger, it might, for example, be a useful way of examining 
the contribution of the Ca,/Na, exchange system, which is 
known to be voltage-sensitive", to ionic currents in tissues such 
as the heart 

We thank the MRC for financial support. 
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It is now well established that the internal pH (pH,) of mammalian 
cells is regulated by means of a plasma membrane transport system 
that exchanges extracellular Na* for intracellular H* (ref. 1). 
Furthermore, modulation of the activity of the Na-H exchanger 
seems to have a crucial role in the action of various mitogens and 
growth factors^-*. The possibility that such a mammalian Na-H 
exchanger might be efficiently expressed in a giant invertebrate 
cell was suggested to us by recent results of Barnard? and Miledi 
and colleagues*", who demonstrated in frog oocytes the expression 
of various plasma membrane channels that presumably were 
encoded by the mammalian messenger RNA with which the oocytes 
had been injected. We used muscle fibres of the giant barnacle, 
which normally have no demonstrable Na-H exchanger activity, 
and report here that, when injected with poly(A)* RNA Isolated 
from rabbit liver, the muscle fibres express a Na-H exchanger. 
No such expression is observed, however, when the injected material 
is pretreated with ribonuclease A. As hepatocytes are known to 
possess a Na—H exchanger’, the most straightforward interpreta- 
tion of our data is that a mammalian Na-H exchanger has been 
expressed in the muscle fibre of an invertebrate. 


Muscle fibres of the giant barnacle (Balanus nubilis) were 
isolated as described previously'°, with one end of the fibre 
attached to the shell and the opposite (tendon) end free. The 
tendon of an individual fibre was cannulated, and through this 
cannula a glass injection pipette (—125 рт diameter) was 
advanced about 3 cm into the muscle, along the fibre's longi- 
tudinal axis. As the injection pipette was withdrawn from the 
fibre, fluid was deposited in the cell at the rate of ~1 p] per cm 
of fibre length. Fibre diameter was ~1 mm. In the first series of 
experiments, the injected matenal contained ~1 ре Ш”! of 
poly(A)* RNA (fora total dose of 3 pg RNA per fibre), isolated 
from rabbit liver as described in Fig 1 legend. Afterthe injection, 
the muscle fibre was incubated in artificial sea water (ASW) at 
16°C for —18h. Immediately before the assay for Na-H 
exchange, the fibre was soaked for ~15 min in Ca-free ASW, 
and then severed at the tendon and shell ends The central 
portion of the fibre, ~2 5 ст in length, was transferred to a 
standard internal-dialysis chamber, cannulated at both ends A 
length of dialysis tubing was inserted through one cannula, 
down the length of the fibre, and out of the opposite cannula. 
By perfusing this tubing with dialysis fluid of known composi- 
tion, we were able to achieve good control over the intracellular 
environment!!, A pH-sensitive microelectrode of the design of 
Hinke”? was inserted through one cannula, and its tip advanced 
to the centre of the fibre An open-tipped reference electrode 
filled with 3 M KCI was advanced similarly through the opposite 
cannula, permitting the continuous monitoring of pH, which 
was plotted on a strip-chart recorder. The actual assays for 
Na-H exchanger activity were performed in Ca-containing 
ASW. 

Our strategy for detecting a mammalian Na-H exchanger in 
barnacle muscle was to block selectively the fibre's normal 
pH,-regulating system Regulation of pH, m this cel]!9.!*-4, as 
well as in giant cells from molluscs!*'!6, is mediated by a plasma 
membrane transport system that seems to exchange external 
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Fig. 1 pH, recovery in a barnacle muscle fibre injected with 
poly(A)* RNA. See text for a detailed explanation of the experi- 
ment. The pH 7.4 dialysis fluid (DF) had the following composition 
(in mM): 243 К+, 7 Mg?*, 8 Tris*, 34 СІ, 175 glutamate, 2 EGTA, 
4 ATP, 44 of the anionic form of HEPES, 56 of the neutral form 
of HEPES, 348 mannitol and 0.5 phenol red. The osmolality was 
adjusted to ~975 mosm per kg with mannitol or water, and the 
pHto 7.4 with KOH or HEPES. The pH 6.0 or 6.5 DF had a similar 
composition, except that the buffer was 100mM 2-(N- 
moipholino)ethanesulphonic acid (MES). The 0-Na ASW had the 
following composition (in mM): 440 N-methyl-D-glucammonium 
‚ (NMDG?), 10 K*, 11 Ca?*, 44 Mg?*, 55 CI, 5 of the anionic form 
of | N-2-hydroxyethylpiperazine- N-3-propanesulphonic acid 
(EPPS), and 5 of the neutral form of EPPS. The pH was 8.0 and 
the osmolality ~975 mosm per ke In the 50-Na or 440-Na ASW, 
NMDG* was replaced with Nat on a mole-for-mole basis. 0.5 mM 
SITS or 1 mM amiloride were added as powders immediately 
before use. The poly(A)* RNA was prepated as follows. Fresh 
rabbit liver was minced in cold phosphate-buffered saline and then 
the tissue was homogenized in a Waring blender SDS was added 
to a final concentration of 0.2%, and the tissue was disrupted in 
a: Dounce homogenizer with the loose-fitting pestle. The volume 
was increased to about 10 times that of the original tissue by the 
addition of a solution containing 100 mM NaCl, 10 mM Tris-HCl 
and 5mM EDTA (pH 7.5). The suspension was extracted three 
times with water-saturated phenol. The combined interfaces from 
the phenol extractions were extracted once with 100 mM Tris-HCl 
(pH 9.0) to recover polyadenylated RNA which might have parti- 
tioned into the interface. This high-pH extract was combined with 
the original aqueous phase, and the nucleic acids were precipitated 
overnight after the addition of 0.3 M sodium acetate (pH 6.0) and 
2.5 vols of ethanol. The precipitate was dissolved in, 10 mM Tris- 
НСІ ( pH 7.5) and the RNA was selectively precipitated at —20 °C 
overnight with 3 M NaCl. The precipitate was washed three times 
with'3 M sodium acetate (pH 6.0) and once with 90% ethanol, 
and then dried. The crude RNA was dissolved in distilled water 
and fractionated by chromatography on oligo(dT)-cellulose, as 
described previously'®, to isolate the poly(A) RNA. The peak 
fractions from the colunin were precipitated with ethanol, dried 
'and resuspended either in pH 7.4 DF ora solution containing 2 mM 
EGTA, 100 mM HEPES and 0.5 mM phenol red (pH ~7.5, osmo- 
lality ~975 mosm per kg). The final concentration of poly(A)* 
RNA was 1 pg al in the six experiments similar to that shown 
here and 0, 0.1 or 0.32 ug u17! in the 11 additional experiments 
of the dose-response study. i 


Na* and HCO; for internal Cl” and Н“. This Na/HCO,-CI/H 


exchanger is functionally quite distinct from mammalian Na-H 
exchangers®. The Na/HCO;-CI/H exchanger has an absolute 
requirement for Na*, HCO; and СЇ”, is blocked by disulphonic 
stilbenes such as 4-acetamido-4'-isothiocyanostilbene-2,2’-disul- 
phonate (SITS), and is unaffected by the diuretic amiloride. 
Na-H exchangers, on the other hand, require Na* (but not C17 
or HCO;), are inhibited by amiloride and are insensitive to SITS. 
Figure 1 shows the result of an experiment on a muscle fibre 
tliat had been injected with 3 рв poly(A)* RNA —18h pre- 
viously. An in vitro translation assay had previously shown that 
this RNA sample stimulated protein synthesis. The -fibre was 
pretreated for 23 min by dialysing it with a Na-free fluid at 
pH7.4. During this time, the fibre was also exposed to a 
nominally Na*- and HCO;-free ASW containing 0.5 mM SITS. 
As the barnacle muscle’s own pH,-regulating mechanism 
requires НСО; and is blocked by SYTS!5, our treatment should 
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Fig. 2 pH, recovery in а barnacle muscle fibre injected with fluid 
pretreated with ribonuclease. See text for details of the experiment. 
Poly(A)* RNA was isolated from rabbit liver, as outlined in Fig. 1 
legend. We verified that ‘this sample of RNA, when injected into 
a muscle fibre, caused the expression of a Na-H exchanger. The 
remainder of the poly(A)* RNA was incubated with ribonuclease A 
(200 ат?) at 21 °C for 2h in a solution buffered to pH 8.5 with 
Tris. The solution was extracted first with phenol and then with 
chloroform/butanol. Sodium acetate was added to the aqueous 
phase to a concentration of 0.3 M (pH 6). After the addition of 
2.5 vols of ethanol, the mixture was incubated for 2h at —20 °C, 
and then centrifuged. The precipitate was resuspended at a con- 
centration equivalent to 1 рр of original poly(A)* RNA per pl. 


have prevented any contribution of the barnacle’s Na/HCO;- 
CI/H exchanger to рН. At point à in Fig. 1, when the pH of 
the dialysis fluid was lowered to 6.0, pH, slowly fell. Dialysis 
was halted as pH, reached —6.75, returning control of pH, to 
the fibre (point Б). In the absence of external Na*, pH, drifted 


- slowly upwards (points b, с). The addition of 50 mM Ма? to 


the ASW caused pH, to increase much more rapidly (points 
c,d); this pH, recovery, which is typical of an active acid- 


` extruding mechanism, was completely blocked by 1 mM 


amiloride (points d, e), a known inhibitor of Na-H exchange". 
Furthermore, removal of amiloride allowed the pH, recovery to 
continue (points e, f). Finally, the removal of external Na* 
blocked further recovery (points f, g). 

The Na-dependent, amiloride-sensitive pH, recovery гу observed 
in this experiment is indicative of Na-H exchange. In 17 similar 
experiments, we studied expressed Na-H exchanger activity at 
injected poly(A)* RNA doses of 0-3 wg per fibre, and fitted the 


· data to the Michaelis-Menten equation using a nonlinear least- | 


squares method. The apparent maximal pH, recovery rate was 
0.66 pH units per h, with the half-maximal rate occurring at a 
dose of 0.6 wg per fibre. In two experiments with the potent 
amiloride analogue 5'-( N-methyl- N-isopropyl)-amiloride (not 
shown), 10 „М of the drug inhibited the Na-dependent pH, 
recovery by an average of 71%. Na-H exchanger activity was 
also found in barnacle muscle fibres injécted with 0.95 wg per 
fibre of poly(A)* RNA isolated from rat liver. The average pH, 
recovery rate in two experiments was 0.40 pH units per h, 
comparable to that observed for fibres injected with the same 
dose of rabbit RNA. In one such experiment, the recovery was 
blocked by 1 mM amiloride, and inhibited 74% by 10 pM 5'-( N- 
methyl- N-isopropyl)-amiloride. 

To determine whether it was the injected mRNA, rather than 
some other substance, that was responsible for the expression 
of the Na-H exchanger, we performed six experiments in which 
the injected material was treated with ribonuclease A in order 
to degrade the mRNA (see Fig. 2 legend for details). After the 
muscle fibre had been acid-loaded, the addition of 50 mM Na* 
to the ASW produced little if any increase in pH, (Fig. 2, points 
c-f). Amiloride produced no detectable inhibition (points d, e). 
Even the addition of 440 mM Na* to the ASW (points g, h) 
failed to elicit a sizeable pH, recovery. In six such experiments, 
the mean Na-dependent pH, recovery rate was 0.05 +0.08 pH 
units per h, which is not significantly different from zero (P 
0.35). Thus, the expression of a Na-H exchanger requires the 
injection of a ribonuclease-sensitive sübstance, presumably 
mRNA. 
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The RNA we injected is a mixture of mRNA for many different 
proteins. Until the mRNA responsible for the expression of the 
Na-H exchanger is isolated, it will be impossible to determine 
whether the injected RNA caused the expression of a native but 
previously unexpressed Na-H exchanger, or whether the in- 
jected RNA directly encoded a Na-H exchanger. If the latter 
explanation is correct, this would be the first example of the 
expression of a mammalian ion exchanger or co-transporter in 
a foreign system. Our approach for expressing a Na-H 
exchanger could have important implications for studying the 
properties and regulation of Na-H exchange, and suggests ап 
approach for cloning the gene(s) for the Na-H exchanger. 

We thank Dr Robin Miskimins for performing the in vitro 
translation assay. This work was supported by NIH grants 
CA06519 (W.C.S.), NS18400 (W.F.B.), AM17433 (W.F.B.), and 
AM01022 (W.F.B.). 
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The Philadelphia (Ph') chromosome, an abnormal chromosome 
22 (ref. 1), is one of the best-known examples of a specific human 
chromosomal abnormality strongly associated with one form of 
human leukaemia, chronic myelocytic leukaemia (CML). The 
finding? that a small regiori of chromosome 9 which includes the 
c-abl oncogene is translocated to chromosome 22 prompted studies 
to elucidate the molecular mechanisms involved in this disease. 
We have demonstrated previously that the chromosome 9 of one 
patient with CML contains a breakpoint 14 kilobases (kb) 5' of 
the most 5’ y-abi-homologous exon’. These data suggest a role for 
c-abl in CML, a theory supported by thepresence of an abnormally 
sized abl messenger RNA * and protein® in the CML cell line 
K562. The region involved in the translocation on chromosome 22 
has also been identified: all Ph'-positive patients examined to date 
have a breakpoint within a 5.8-kb region, for which we have 
proposed the name ‘breakpoint cluster region’ (ber)’. To determine 
whether bcr contains protein-encoding regions, probes from bcr 
were tested for their ability to hybridize to complementary DNA 
sequences. A 0.6-kb HindIII BamHI ber restriction enzyme frag- 
ment proved suitable for isolating several cDNA clones from a 
human fibroblast cDNA library®. Using ber cDNA sequences, we 
obtained data strongly suggesting the presence of a chimaeric 
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ber/abl mRNA in the leukaemic cells of Ph'-positive CML 
patients: The recent isolation of cDNA clones containing bcr and 
abl sequences confirms this finding". Because the ber part of the 
chimaeric mRNA could be required to induce the transforming 
activity of the human c-abl oncogene, we have now initiated studies 
to characterize the normal ‘bcr gene’ and to determine the effect 
of a translocation within its coding domain. We demonstrate that 
as a result of the Ph' translocation, a variable number of bcr exons 
are included in the chimaeric bcr/abl mRNA. The bcr gene sequen- 
ces in this mRNA could be responsible for the transition of the 
abl cellular proto-oncogene into an oncogene. 

The largest cDNA, V1-3, containing an insert of 2.2 kb, was 
characterized in detail by restriction enzyme mapping (Fig. 1a) 
and sequence analysis (Fig. 15). The cDNA contains one long 
open reading frame, starting at the poly(G) tail at the 5' end 
and continuing to nucleotide 1,770, where a stop codon is 
encountered. All other reading frames have many stop codons 
within the entire region. The long open reading frame has the 
coding capacity for 589 amino-acid residues, corresponding to 
a protein of relative molecular mass (M,) —65,000; at the 3’ 
end, a polyadenylation signal occurs at nucleotide 2,182 fol- 
lowed by a poly(A) tail beginning at base 2,208 indicating that 
the cDNA contains the complete 3' end of the gene. Although 
translational start sequences are encountered at the 5' end, it is 
unlikely that this cDNA contains a complete copy of the mRNA, 
as Northern blot hybridizations indicate the presence of ber 
mRNAs of ~4.0 and —6.5 kb. Computer searches of newly 
isolated protein sequences derived directly from proteins or 
deduced from cDNA nucleotide sequences frequently result in 
the identification of proteins with partial homology. Such infor- 
mation is valuable, frequently allowing the assignment of a 
preliminary function to an unknown protein. Therefore, the PIR 
FASTP program!? was used to search for bcr-homologous pro- 
teins; no proteins with significant homology were found, indicat- 
ing that the bcr protein exhibits an as yet unidentified cellular 
function. 

To determine the orientation of the bcr gene on chromosome 
22, 5' and 3' probes were prepared from the V1-3 cDNA and 
hybridized to cosmids’ containing human chromosome 22 
sequences. This established that the 5' end of the bcr gene is 
towards the centromere of chromosome 22 and is retained after 
the Ph' translocation; the 3' end of the bcr gene lies in the 
direction of the telomere and is translocated to chromosome 9 
in the t(9; 22) translocation. The cDNA hybridizes to restriction 
enzyme fragments distributed over a region of up to 45 kb of 
chromosome 22 DNA (Fig. 2a). Within this region, a minimum 
of 13 exons are present. To determine the exact position and 
number of exons within the breakpoint cluster region, all 
hybridizing regions in bcr were sequenced and compared with 
the V1-3 cDNA. Four relatively small exons, designated 1-4, 
were present within ber, varying in size from 76 to 105 base 
pairs (bp) (Fig. 25); in the cDNA, these exons correspond to 
nucleotides 483-836 (Fig. 1b). As bcr was defined as the area 
on chromosome 22 in which the Ph' breakpoints are found, we 
conclude that the breakpoints occur within a gene. 

Having determined the position of the exons within bcr, we 
investigated whether the breakpoints occur in exon or intron 
regions. For CML DNA such as that of CML patient C481, this 
was readily determined. We had previously demonstrated? a 
breakpoint within a 1.2-kb H/Bg bcr fragment in several CML 
DNA samples, including that of patient C481. As no coding 
sequences are located within this region (see Fig. 2), patients 
such as C481 must have a chromosomal breakpoint in the intron 
between the exons designated 3 and 4. 

A less simple situation was encountered in the DNA of 
patients 0311068 and 7701C. Nonetheless, cloning of 9q* break- 
point fragments from these DNAs (data not shown) and restric- 
tion enzyme analysis followed by Southern hybridization 
enabled us to locate the breakpoints between exons 2 and 3 (see 
Fig.2) The breakpoints in the previously cloned?" 9q* break- 
point fragments of patients 0319129 and 02120185 were analysed 
by DNA sequencing. In addition, we cloned the 22q” breakpoint 
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fragments of patient 0319129 (unpublished results) and of the 
cell line K562. DNA sequence analysis of the breakpoint regions 
of these fragments and that of the sequence of the corresponding 
chromosome 22 regions enabled us to define the point of translo- 
cation for these DNAs (see Fig. 2). None of the breakpoints 
analysed here could be located within an exon, indicating that 
in the Ph' translocation, breakpoints occur within intron regions 
of bcr. For four of the six DNA samples analysed, the transloca- 
tion would result in the transcription of a mRNA that includes 
bcr exons 1 and 2 (see Fig.2), in two CML DNAs the third 
exon would be additionally incorporated in the chimaeric bcr/c- 
abl mRNA. Exon 3 encodes only 25 amino acids, not substan- 
tially increasing the size of the chimaeric protein. : 

A knowledge of the DNA sequence of the translocation junc- 
tion point may provide additional information about the 
mechanism of chromosomal translocation. Figure 3a shows the 
sequence of the region containing the crossover point for translo- 
cation in the DNA of patient 0319129 and compares this with 
normal chromosome 22 and 9 DNA sequences. -In 0319129 
DNA, the chromosomal break has occurred in a rather ‘precise’ 
manner, leading to the generation of a 224 and 9q* sequence 
exactly reflecting the sequence of the normal chromosome 22 
and 9 DNA sequences. However, at the breakpoint, a C nucleo- 
tide is found in both the 9q* and 22q” sequences, whereas the 
chromosome 22 sequence contains a G at that position. Note 
that both chromosomes 9 and 22 contain limited stretches of 
homology near the break (Fig. 3a underlined); a DNA search 
revealed homology of this region to human Alu repetitive 
sequences. 

No such similar stretches of homologous sequences between 
chromosomes 9 and 22 occur at the breakpoint in the DNA of 


patient 0212015 (Fig. 3b) or in that of K562 DNA (data not 
shown). In the 9q* DNA of patient 0212015, sequences are 
found between the breakpoints on chromosomes 9 and 22 
(Fig. 3b) which are not present in the sequenced region of the 
normal chromosomes 9 and 22. This suggests that in the 9q* 
chromosome a secondary event has taken place; it is possible 
that after translocation of chromosome 22 sequences to chromo- 
some 9, a deletion affecting chromosome 9 sequences occurred. 
The arrow indicating the breakpoint on chromosome 9 (see 
Fig. 35) would then represent the point of deletion. In addition, 
compared with the normal chromosome 9 sequences, the 
chromosome 9 sequences of the 9q* fragment contain 13 nucleo- 
tide changes within an 81-bp stretch. These changes may reflect 
differences between individuals (the control chromosome 9 
sequences were isolated from a human lung carcinoma cosmid 
library); however, the number of nucleotide substitutions would 
be very high in such an event. Moreover, the chromosome 22 
part of the 9q* fragment contains no nucleotide changes in 
either intron or exon sequences, favouring the explanation of 
inefficient DNA repair on deletion of chromosome 9 sequences. 
Thése results indicate that bcr is part of a gene oriented with 
its 5' end towards the centromere of chromosome 22. In the 
Philadelphia translocation, a break occurs within bcr, and 
sequences from chromosome 9 which contain the human c-abl 
oncogene in all Ph'-positive cases examined? are translocated 
to the 3’ of the truncated bcr gene. The joining of ber and c-abl 
sequences is highly specific for CML, as this configuration has 
been found in complex translocations? and even in the leukaemic 
cells of one CML patient cytogenetically lacking the Ph’ chromo- 
ѕоте!!. Because the orientation of c-abl on chromosome 9 is 
also centromere-5'-3'-telomere, bcr and c-abl are joined ih a 
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head-to-tail fashion on the Ph' chromosome. Although the dist- 
ance between the most 5' v-abl homologous to v-abl and the 
physical breakpoint may vary from 14 kb (patient 0319129) to 
7100 kb (K562), the effect of the translocation on the expression 
of the bcr gene and c-abl seems to be very similar in different 
patients: in K562 and in Ph'-positive CML patients, abnormal 
RNA transcripts of —8.5 kb are detected, which hybridize to 
both c-abl and 5' ber exon probes. The molecular cloning of a 
chimaeric cDNA from K562 cells has provided definitive proof 
for the existence of chimaeric mRNA, The chimaeric mRNAs 
must be the result of transcription initiating at the promoter of 
the bcr gene; depending on the exact location of the breakpoint, 
the transcript will include all 5' exons in addition to either exons 
1 and 2 or exons 1, 2 and 3 of bcr. Recent sequence analysis of 
K562 bcr/ abl cDNA confirms the variable presence of the third 
exon. In K562 we found that, as predicted, the third exon is 
present in the cDNA, immediately preceding c-abl sequences. 
In contrast, Southern blot analysis of the molecularly cloned 
22q" genomic DNA fragment of, for example, patient 0319129 
unambiguously demonstrates that in this patient exon 3 has 
been removed from the Ph' chromosome and will not be included 
in a chimaeric bcr/abl transcript. Transcription continues into 


a 0319129 
9  TTIGTTGCTTTTGGAGATAGGGTCTTGCTCTGTCACCCAGGCTGGACTGCAGTGGCACAATCACAGCTCAC 


9a* TTGTTGCTTTTGCAGATAGGGTCTTGCTCTGTCACCCAG 
229 GTTAGGGCCTCTTGTCTCCTCCCAGGAGTGGACAAGGTG 


TAGGAGCAGTTTCTCCCTGAGTGGCTGC 
GGACTGCAGTGGCACAATCACAGCTCAC 


22 GTIAGOGECTCTISTCTCCTECCADOAGTGDACAAGGTOGQITAGOAQCAITTETCCCTOAGTOGCTGO 








CCCGGGTTCAAGCGATTCTCCTGCCTCAGCCTCTTGAGTAGCTGGAACTACAGGCACGTGCCACCATGCC 
+ CCCGGGTTCACGTGATACTCTTGCCTCAGCTTCCTGCATAGCTGGGACTACAGGCACCCACCACCACGCC 
22  TGACACTGGCTTACCTTGTGCCAGGCAGATGGCAGCCACACAGTGTCCACCGGATGGTTGATTTTGAAGC 


b 02120185 
9 
9 


9 CAGCTAATTTTTTTGTTTGTTTGTTITGTTTGTTTTCCTGAGACGGAGTCTCACTGTCACCCAGGCTGGAG 


9q* CAGCTAATTTTBTGTATGTTTAGTAGAGACGAGGTTTCACAGAAGCTGACCTCTTTGGTCTCTTGCGCAG 


22 ола qu P а 


9  T6CAGTGGCGTAATCTTGGCTCACTGCAACCTCCACCTCCCGGG 
9a* ATGATGAGTCTCCGGGGCTCTATGGGTTICTGAATGTCATCGTC 


22 а ааа 
exon3 
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Tkb 
Bg "8o 8g 8g Fig.2 Genomic organization of the ber gene. 
a, Restriction enzyme map of chromosome 22 
sequences encompassing bcr. Exons are indi- 
cated by black boxes below the restriction 
enzyme map. The position of the numbered 
exons has been determined by sequencing; all 
other exons were located by hybridization to 
the V1-3 cDNA. The asterisk indicates a poly- 
morphic BglII restriction enzyme site. b, 
Restriction enzyme map of the breakpoint 
cluster region, with the exons as indicated in a. 
Below the map, the approximate positions of 
n the breakpoints in different CML DNAs are 
indicated by honzontal or vertical arrows. 
Restriction enzymes include: A, Aval; B, 
BamHI; Bg, BglII; E, EcoRI, H, Нташ; P, 
PstI; S, Smal, Ss, Sst], X, Xhol. The break- 
point of the 2247 chromosome from DNA 
0319129 was cloned as a 9.5-kb BglII fragment 
1n Charon 30 according to previously described 
methods!6. 9q* fragments were isolated by clon- 
ing a 7.2-kb BamHI fragment and a 7.7-kb 
EcoR] fragment into Charon 30 and Agtwes, 

respectively. 


lkb 


the c-abl oncogene, including, as a minimum, the most 5' v-abl- 
homologous exon and all exons 3’ of it, including the phos- 
photyrosine acceptor site’, We do not know whether the 
inclusion of exon 3 in the chimaeric mRNA has an effect on 
the progression of the disease. 

Chromosomal aberrations may be generated by specific events 
involving recombination-prone DNA sequences. Alternatively, 
such recombination events could occur almost at random. In 
either case, a very limited number of translocations will result 
in gene alterations leading to the disruption of normal growth 
and differentiation. In the Ph’ translocation, we have found that 
breakpoints on chromosome 9 are spread over a region of up 
to 100 kb. The breakpoints on chomosome 22 occur within a 
smaller region of around 50kb. Nonetheless, no sequence 
homology can be found between breakpoint regions of different 
CML patients or coding regions of c-abl and bcr genes. There- 
fore, we may conclude that the procèsses underlying the Ph’ 
translocation are random recombination events. Once such re- 
combinations result in a genomic configuration that allows the 
transcription of chimaeric ber/abl mRNA, malignant prolifer- 
ation of specific cell types may occur. It seems highly likely that 
this chimaeric mRNA is translated into protein because an - 


Fig.3 Breakpoint sequences of the DNAs of two CML patients. 
a, Sequence of 0319129 DNA; the sequences are in a 5'-3' orienta- 
tion. Normal chromosome 9 sequences (first line) are from non- 
CML DNA, the 9q* and 2207 sequences (second and third lines) 
are from DNA of patient 0319129. Normal chromosome 22 sequen- 
ces (fourth line) are from non-CML DNA An arrow indicates the 
breakpoint on chromosomes 9 and 22; the nucleotide C found in 
both the 9q* and 2247 sequences at the breakpoint 15 boxed 
Limited regions of homology between the normal chromosome 9 
and 22 sequences are underlined b, Breakpoint sequence of 
02120185 DNA; normal chromosome 9 and 22 sequences (first and 
third lines in each set) were from non-CML DNA The 9q* 
sequence on the second line contains an area boxed to indicate 
that it does not originate from the normal chromosomes 9 or 22 
sequenced in the present experiments. Dots above the chromosome 
9 sequences indicate nucleotide differences at those positions from 
the с 94" chromosome. The beginning of exon 3 (see Fig 25) in the 
9q* and 22 sequence ıs indicated in the figure Small restriction 
enzyme fragments containing the breakpoints were chosen for 
sequence analysis, based on restriction enzyme mapping data and 
comparison with normal chromosome 9 and 22 maps. 
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abnormally sized 210, 000- M, abl protein was detécted in K562 
cells. In contrast to the normal c-abl protein, the P210 has 
tyrosine kinase activity$. 

It is tempting to speculate that the bcr moiety of the fusion 
protein is responsible, for this effect. However, although the 
consequences of the Ph'itranslocation on a molecular level are 
becoming evident, it remains to be established whether this 
phenomenon is actually the cause or merely one of the steps 
that eventually result in CML. 
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The nicotinic acetylcholine receptor (AChR) from fish electric 
organ has a subunit structure of о, Зуб, and this is thought to be 
also the case for the mammalian skeletal muscle AChR’. By 
cloning and sequencing the complementary or genomic DNAs, we 
have previously elucidated the primary structures of all four sub- 
units of the Torpedo californica electroplax** and calf muscle 
AChR™™ and of the a- and y-subunits of the human muscle 
AChR?^!; the primary structures of the y-subunit of the T. 
californica AChR”? and the o-subunit of the Torpedo marmorata 
AChR™"* have also been deduced elsewhere. We have now cloned 
DNA complementary to the calf muscle messenger RNÀ encoding 
a novel polypeptide (the e-subunit) whose deduced amino-acid 
sequence has features characteristic of the AChR subunits and 
which shows higher sequence homology with the y-subunit than 
with the other subunits. СОМ“ A expression studies indicate that the 
calf e-subunit, as well as the calf y-subunit, can replace the 
Torpedo y-subunit to form the functional receptor in combination 
with the Torpedo a-, B- and 6-subunits. 


The initial cDNA clone for the calf e-subunit was isolated 


by cross-hybridization with a calf y-subunit cDNA probe in an 
experiment aimed at cloning an upstream cDNA sequence for 
the calf y-subunit by primer extension (see Fig. 1 legend). Figure 
1 shows the nucleotide sequence of the mRNA encoding the 
calf e-subunit precursor, deduced from the cDNA sequence, 
together with the predicted primary structure of the polypeptide. 


‚ specific mRNAs synthesized similarly’? 
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We deduce that the e-subunit precursor consists of 491 amino 
acids including a hydrophobic prepeptide'? of 20 amino acids, 
and calculate the relative molecular masses of the e-subunit and 
its precursor to be 52,568 and 54,562, respectively. 

Figure 2 shows the alignment of the amino-acid sequences of 
the calf e-subunit precursor and the calf, human and T. califor- 
nica y-subunit precursors. The mature calf e-subunit shows 53, 
53 and 57% sequence homology with the mature calf, human 
and Torpedo y-subunits, respectively, whereas the degrees of its 


` homology with other mature AChR subunits are as follows: 


calf, human and Torpedo a-subunit, 30% (refs 4, 7), calf £- 
subunit, 3796 (ref.8), Torpedo B-subunit, 3996 (ref. 5), calf 
6-subunit, 45% (ref. 10) and Torpedo 6-subunit, 44% (ref. 5). 
Homology among the mature y-subunits is 92%, 56% and 55%, 
respectively, for the calf/man, calf/ Torpedo and man/ Torpedo 
pairs. Because the calf e-subunit shows-similar degrees of 
homology with the calf, human and Torpedo ^-subunits, the 
divergence of the e- and y-subunits may have occurred around 
the time of separation of mammals and fish. Thus, it is possible 
that fish have a second, undetected gene encoding a у/ e-family 


_ subunit, which may or may not now be active. 


The calf e-subunit shares structural features common to all 
four subunits of the fish and mammalian AChR*'*"*, It contains 
four strongly hydrophobic segmentst!^!^ (M1-M4) and an 
amphipathic segment!9-15 (MA). Our expression studies using 
site-directed mutagenesis of the a-subunit cDNA indicate that 
these five putative a-helical transmembrane segments are all 
required for the operation of the ionic channel!?. The hydrophi- 
licity profile? and the predicted secondary structures” of the 
calf e-subunit are alsa similar to those of the other AChR 
subunits ^!??!, These findings suggest that the e-subunit is orien- 
ted across the membrane in the same manner as the four other 
subunits. Three cysteine residues (aligned at positions 128, 142 
and 231).and one potential N-glycosylation site? ? (aligned at 
position 141) are conserved in all AChR subunits whose sequen- 
ces are known ^'^, The calf e-subunit contains two additional 
potential N-glycosylation sites (aligned at positions 66 and 307), 
one of which (position 66) is assigned to the extracellular side 
of the membrane*!*"*, Because our expression studies are con- 
sistent with the presence of a disulphide bridge between the 
conserved cysteine residues 128 and 142 of the a-subunit', the 
corresponding cysteine residues of the e-subunit may also form 
a disulphide bond. 

To examine whether the e-subunit can function as an AChR 
subunit, we synthesized the mRNA specific for this subunit (or 
the y-subunit) in vitro” using the cDNA template and injected 
the mRNA, combined with the Torpedo a-, B- and 8-subunit- 
, into Xenopus oocytes. 
The oocytes were then tested for response to acetylcholine (ACh) 
applied ionophoretically by recording the intracellular poten- 
tials. АН of the 61 oocytes injected with the calf e-subunit and 
the three Torpedo mRNAs and 38 of the 56 oocytes injected 


, With the calf y-subunit and the three Torpedo mRNAs responded 


to ACh (Fig. 3) with mean ACh sensitivities (for the responsive 
oocytes) of 510 and 8 mV pC“, respectively. None of 60 control 
oocytes injected only with the Torpedo a-, B- and 0-subunt- 
specific mRNAs was responsive (<~0.2 mV C7"). The mean 
ACh sensitivity of 70 responsive oocytes out of 72 oocytes 
injected with the Torpedo a-, B-, y- and 5-subunit-specific 
mRNAs'® was 1,300mVpC7!. The atropine-resistant and 
(+)tubocurarine-sensitive nature of the observed ACh responses 
(Fig. 3) indicates the formation of the nicotinic AChR. These 
results show that the calf e-subunit, as well as the calf y-subunit, 
can be functionally substituted for the Torpedo y-subunit. 
Blot hybridization analysis using e-subunit cDNA. probe of 


:poly(A)* RNA from the skeletal muscle of a 4-month-old fetal 


calf revealed a hybridization-positive species with an estimated 
size of ~4,200 nucleotides (Fig. 4A, lane a). No hybridizable 
species was detected, however, in poly(A)* RNA from the 
skeletal muscle of a 7-month-old fetal calf (Fig. 4A, lane b), a 
9-month-old fetal calf or a newborn calf or from adult bovine 
diaphragm (data not shown). 
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Tyr Arg Leu Asn Tyr Ser Lys Gly Asp Phe Gly Gly Val Glu Thr Leu Arg Val Pro Ser Glu Leu Val Trp Leu Pro Glu Ile Val Leu 
UAC CGA CUC AAC UAC AGC AAG GGC GAC UUU GGG GGC GUA GAA ACC CUG AGG GUC CCU UCA GAA CUC GUA UGG CUG CCA GAG AUU GUG CUG 
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GAA AAC AAU AUC GAC GGC CAG UUC GGG GUG GCC UAC GAG GCC AAU GUG CUG GUC UCU GAG GGC GGC UAC UUG AGC UGG UUG CCC CCG GCC 
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AUC UAC CGC AGU АСС UGC GCC 606 GAG GUC ACC UAC UUC CCU UUC GAC UGG CAG AAC UGC UCG CUC GUU UUC CGC UCC CAG ACG UAC AAU 
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Phe Ala Val Asp Asp Glu Gly Lys Thr Ile Ser Lys Ile Asp Ile Аер Thr Glu Ala Tyr Thr Glu Asn 


GCC GAA GAG GUG GAG UUU GUC UUU GCG’ 606 GAC GAC GAG GGC AAG ACC AUC AGC AAG AUC GAU AUC GAU ACU GAG GCC UAU ACU GAG AAC 
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Ser Leu Arg Thr Pro Thr Thr His Ala Met Ser Pro Arg Leu Arg Tyr Val Leu Leu Glu Leu Leu Pro Gin 


GUC AUC 606 CUC AAC’ 606 UCA UUG CGG ACG CCC ACC ACU CAC GCC AUG UCC CCG CGA CUG CGC UAC биб UUG CUG GAG CUG CUA ССС CAG 
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CUC.CUG GGC UCC GGC GCG CCC ССС GAG AUC CCC CGA GCU GCC UCG ССС CCA AGG AGG GCG UCG UCC CUG GGC CUC CUG CUC CGC GCG GAG 
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Glu Leu Ile Leu Lys Lys Pro Arg Ser'Glu Leu Val Phe Glu Gin Gin Arg His Arg His Gly Thr Trp Thr Ala Thr Leu Cys Gin Asn 
GAG CUG AUA CUG AAA AAG CCG CGG AGC GAA CUG GUA UUU GAG CAG CAG AGG CAC CGG CAC GGA ACC UGG ACG GCU ACC CUC UGC CAG AAC 
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Leu Gly Ala Ala Ala Pro Glu Ile Arg Cys Cys Val Asp Ala Val Asn Phe Val Ala Ser Ser Thr Arg Asp Gin Glu Ala Thr Gly Glu’ 
CUG GGC GCU GCC GCC ССС GAG AUC CGC UGC UGU GUG GAU GCC GUG AAC UUC GUG GCU UCA AGC ACU CGG GAC CAG GAG GCC ACU GGC GAG 
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Ser Asp Trp Val Arg Met Gly Lys Ala Leu Asp Ser Ile Cys Phe Trp.Ala Ala Leu Val Leu Phe Leu Val 
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The AChR is present predominantly at the neuromuscular 
junction in adult muscle, whereas in embryonic muscle and 
denervated adult muscle the AChR also occurs in the extrajunc- 
tional membrane’. Some reports suggest that the two types of 
AChR are structurally different, the junctional AChR being 
slightly more acidic than the extrajunctional AChR”. Our 
amino-acid sequence data reveal that the calf e-subunit contains 
more acidic residues and less basic residues than does the calf 
y-subunit®; the numbers'of charged residues contained in the 
mature e- and y-subunits are 20/18 Asp, 33/28 Glu, 26/31 Arg, 
12/14 Lys and 5/11 His, respectively. However, the content of 


1520 : 


both the y- and e-subunit mRNAs in fetal calf muscle, like that 
of the B-subunit mRNA‘, decreases with increasing age of the 
calf (Fig. 4), although the relative contents of'the &- and y- 
subunit mRNAs in other age groups were not studied systemati- 
cally. Muscle contains much smaller amounts of -e-subunit 
mRNA than of y-subunit mRNA (Fig. 4), and the latter is 
present in similar amounts to the a-, B- and §8-subunit 
mRNAs", It thus remains uncertain whether the differential 
presence of the y- and e-subunits is responsible for the difference 
in the junctional and extrajunctional forms of the AChR. 
Alternatively, the e-subunit (or the y-subunit) may be a 











Fig. 1 opposite) Primary structure of the mRNA encoding the e-subunit precursor of the calf muscle AChR. The nucleotide sequen 
5 {Һе mRNA was deduced by sequence analysis^ of the: cDNA inserts in clones pcACRe64, pcACRel and pcACRe2. Nucleotide. residues ar 
numbered i in the 5’ to 3' direction, beginning with the first residue of the codon specifying the amino-terminal residue of the mature £- -subunit, 
‘and the nucleotides on the 5' side of residue 1 are indicated by negative numbers. Because the 3’-untranslated sequence presented contains 
no polyadenylation signal? and is not followed by a poly(A) tract, this sequence is incomplete, as is the S'-untranslated sequence shown. Th 
amino-acid sequence, deduced by using the reading frame of the mRNA corresponding to the known amino-acid sequences of the AChR: 
"subunit precursors^'^, is shown above the nucleotide sequence. Amino-acid residues are numbered beginning with the amino-terminal residu 
of the mature e-subunit, and the preceding residues are indicated by negative numbers. The possibility that the initiating methionine is located 
upstream of the 5’ end of the cDNA sequence shown cannot be excluded. The nucleotide differences observed between the individual clones 
саге às follows: С (pcACRe64) or A (pcACRe2) at position —46; А (pcACRe64) or C (pcACRe 1) at position 235; ће С at position 279 and 
5.5 the C at position 285 of pcACRe І (instead of A and T, respectively, in pcACRe64), derived apparently from the synthetic primer, are not shown. 
` Methods. Total RNA was extracted from newborn or fetal calf skeletal muscle, and poly(A)” RNA was isolated by oligo(dT)-cellulose: 















chromatography. The oligodeoxyribonucleotide 5'-GTTGTTCTCCAGCAC-3,, complementary to residues 271-285 of the calf. y-subunit ; 


mRNA’, was synthesized by the triester method and used for specific Priming of reverse transcription. Single-stranded cDNA was synthesized - 
using 5 ug of this primer and 100 ug of newborn calf muscle poly(A)* RNA as template and was converted to double-stranded cDNA, which - 

was. cloned in pBR322 plasmid by inserting it into the PstI site using poly(dG)-poly(dC) homopolymeric extensions, Escherichia coli 1776 
- Or HB101 was used for transformation, and ~3 x10? tetracycline-resistant transformants were screened by hybridization at 60°C with the 
‚ Нїпсї1(88)/ Ava11(202) fragment excised from clone pcACR y5 (ref. 9) to yield one positive clone. (pcACRe 1 carrying nucleotides 84-285); 
the restriction endonuclease sites are identified by numbers indicating the 5’-terminal nucleotide generated by cleavage; all hybridization: 
probes were labelled by nick-translation with [a-??P]dCTP. Another batch of cDNA clones prepared similarly (~1.5 x10? transformants) was > 
then screened by hybridization at 60 ^C with the Mbol1(152)/ Fnu4H1(260) fragment from clone pcACRe1 to give one positive clone (peACRe2 B 
carrying nucleotides —46 to 203). The procedures used for the above experiments have been described previously’. A cDNA library was next ^ 
constructed by the procedure of Gubler and Hoffman?!, using 10 ug of oligo(dT),; ув primer and 13 pg of a fraction of fetal (4-month-old) 
calf muscle poly(A)* RNA (>~4,000. nucleotides; see Fig. 4) obtained by centrifugation in a gradient of 5-25% (w/v) sucrose”, Screening 
of. —8 х 10° tetracycline-resistant transformants by hybridization at 60°C with the Hinf1(-46)/ Hinf1(171) fragment from clone peACRe2 | 
yielded one positive clone (pcACRe64 carrying nucleotides —82 to 1,539); the Hinfl(—46) site was generated in pcACRe2 at the junction о of 
the 5’ end of the cDNA insert and the poly(dG) - poly(dC) tail. et 










-20 -11 20 49 
galf є pasarica TRL: - -- -ere regii Li LT DPG RRPN GE РЕРТУТЇ ГК ETAL ISTNEKEETL THs qim 
Cura М ЧА М TTINV WIEM 








n CG GQR- Br DNE ~GA- KG: 
Human v — MHGGQG- PLLLLLLLAVCL -GA- QGR 
Torpedo y | ------ УШТ IIi- CLALEV RS: ‘EN 








ЕЕ 1160 NPHLRPA CHESDY VAN SEKI 
СЕЕ am ирдин 
Б ЕС ШГЕК оК 





LTNLISLNE 
LEAL (SUNEKEE 








ee wien ae be a 
(AL TTNV WIE D YR e 


80 100 120 140 і 160 
Е ete LPIETIVCENNI eor à A walnut МСРРАТ ИСА FP FDWONC SLIVFIRS GT YNAE VEF VFV DD EG 
D PRDY-GGM VL n prm Da AL YCN узин PPAI ТР ов Pay TF FP FEWQNCSLITF(OS QT YS'TNGH NL OL'S= QE 

STM VH RPID I VL ENN} 
SEL LM PIbVIVL EN NV 











D PRDYEGUX VL DTE VLVISP DGICEYW LP PA I | S US TV FP FEWONC SLITFIOS QT YS TNEI DL QLIS- GE D 
ÁTSEYEGIIDLY ІР GOE ЕУ AY YANV LV]YN DGISMYWLP PA IYRSITCPLAVTVFP ED WONCSLIVEIRS QT YNICHIEV Nt QUS-- АСЕ 
9 ——————$5 

















des 180 | 200 220 240 260 

T Ts pir Dr TEAM оош suit RKPLFYVIINT IVP СУСТ SG UVUDAYFCER 66 QK CTVSTINVL LA GTIV 
iT IEWIEIT DIPIEAFIT EN GE WA IRHRPAKMLL DE ААРА EEAG HO KV VE.YLLITIQR KP LF YIVIIN Е ЦАР CV LT SS VET TYIFL PAJKA GG ОК CTIVA INVE LA CTI 
‘TLE WIFI DPIEAFIT EN GE WA LI HRPAKMLL DP AAA QEAG HQ KV ҮЕ: ie i рро сути РА A GGOKCTVAINVLLAGT 


iA VE MIIHI РЕ p Fir EN GE WT HRPAKK NY NA QLITK DDITD FOE ТЕР ПОХ KP LF YILIN ЕАР CV LI SS L'vMEVYEEL PAIQA 66 QKCTILSINSIVLLAQTIF L] 
ico M ce ЕМЕ 






























Г КӨЙ] БАН ЗИ oe Е { 








E 280 | р 320 | 360 
И КО ATICI VI НАНА ЦУСМУЅСЯТ TAAR SP RL КҮМ. ЕЦЕ TP PEIPRAASP PR RASSIL LLERA-E 
d РЕТ ДҮР TSKIYUTFILLY INA VLNVSL RSIPHITHISH AR GV RKVFILR LL LERRA REA AV QD AHPRLQNGSS deua 
rye digna E LLVVITIIL VVNAVVIVL NV SL RS! THISH AR GV RKVi UR UL T 
iiio M TY МСМ Т VMNCMILVL НУ St RTPRIT HIS SE KI KHLFILG FL 
380 400 420 440 


— i M3 4 us 
S ШЫК кш no Was eC ME ААДРЕП ШУК Вн FA vri ари Em ie 
ЧУ: RSELILF|- ROR QRINGIL V RA ALEK LEKGPE SGOS PEWCGSILKQAA с СТАКААНО озени Minos mu ; 

С ЕМАЦСЕР RS EL GIL V AA ALEK LE KG PELGLS - esha ны фир: oF DNA EEM Wr LVGRVL DR mE 
M ОЕП " 


viti RS ELJI Er Er AER eiit sic vig KiSTK пернен EEE п; 
MAS ЖЫ 





LIRMHV RP LADAAV.GD TO'SRLONGISS|-GWS:IT-TGE 
Lio Q- - - LER EE TP EKPR PR RRSSH TMIN- Е) 


















































480 
ser Eod 
GIF 


xinh n 
dus НЕ 








Y тсс: 
V PALPF GD PRSYLPSSD 


p LPIFP'GDPRPYLPSPD 





E FPF, GD PRKY VP -- - 


m УСУ x 





| El Аша 2 Alignment of the amino-acid sequences of the calf AChR e-subunit precursor (top) and the calf (second row), human (third row 
co and T. californica. AChR y-subunit precursors (bottom). The one-letter amino-acid notation is used. The sequence data for the calf, 
IMS human and T. californica y-subunit precursors have been taken from refs 9, 11 and 6, respectively. Sets of four identical residues at one aligne: 

T position aré enclosed by solid lines, and sets of four identical or conservative residues at one aligned position by dashed lines. Conservativi 

:;;amino-acid substitutions are defined as pairs of residues belonging to one of the following groups: S, T, P, A and С; N, D, E and Q: Н, R 
and К; M, I, L and V; Е, Y and W. Gaps (-) have been inserted to achieve maximum homology. The degrees of homology given in the te 
s. were calculated on the basis of the alignment of the amino-acid sequences of the 11 AChR subunits (calf, human and Torpedo. a, calf and. 
"Torpedo B. calf, human and Torpedo у, calf and Torpedo 6 and calf є), gaps being counted as one substitution regardless of their: length. The. 





_ positions in the aligned sequences including gaps are numbered beginning with the amino-terminal residue of the mature subunits, and the ; 


"preceding positions are indicated by negative numbers. The asparagine residues as potential glycosylation sites are marked with asterisks: 
. only those preceding segment М1 are shown. The putative disulphide bridge (S— S) and the putative transmembrane segments (M1, M2, M3 
: M4 and MA) are indicated; segment MA has been assigned by comparison with that of the Torpedo a-subunit defined by. deletion mapping. 

















































Fig. 3. ACh potentials recorded from Xenopus oocytes injected 
With mRNA specific for the calf AChR z-subunit (A) or y-subunit 
СВ) together with the T. californica AChR a-, B- and 8-subunit- 
specific mRNAs. The recordings were made at room temperature 
in Ringer's solution containing 1 aM atropine and 5 mM MgCl, 
instead of CaCl: upper traces, ACh potentials; lower traces, 
currents used for ionophoresis of ACh (backing current, 12 nA). 
` The membrane potential was held at —70 mV. Responses to ACh 
were recorded before (a) and 6-8 min after perfusion with 2 рМ 
(t )tubocurarine (b) and 8-9 min after washing out the antagonist 
(e). 
; _ Methods. The 320-base- -pair (bp) fragment extending from the 
Агай site generated at the 5' end of the cDNA insert to the 
Avall(238) site and the Avall(238)/ EcoRI (1,444) fragment, 
derived from clone pcACRe64, and the —520-bp fragment of clone 
pACRy14. (ref. 6) extending from the EcoRI(1,474) site to the 
‘Poul site on the vector DNA were ligated. The resulting ~2.0- 
kilobase-pair (kb) fragment was isolated, treated with E. coli DNA 
polymerase T. (Klenow fragment) in the presence of dGTP, dCTP 
nid dTTP. and insertéd into the Smal site of the plasmid pSP64 
ef. 24) in the same orientation as the SP6 promoter to yield the 
plasmid pSPce. The PsrI(—100)/ Xho1(207) fragment from clone 
SpcACRy1 (ref. 9), the Xho1(207)/ Hindll1(1,181) fragment, the 
. Hind11(1,181)/ Acc1(1,560) fragment and the ~180-bp fragment 
extending from the AccI(1,560) site to the Prull site on the vector 
DNA, derived from clone pcACRy5 (ref. 9), and the —3.0-kb 
Smal/ Pst! fragment from pSP64 were ligated. The resulting plas- 
id pSPcy, carrying the entire calf y-subunit cDNA (except for 
pottion of the 5'-noncoding region) in the same orientation as 
the SP6 promoter, was identified by colony hybridization with both 
above Xhol/Hindlll and HindllI/ Acel fragments as probes 
by restriction endonuclease analysis. The calf AChR e- and 
y-subunit-specific mRNAs were synthesized in vitro, using Sacl- 
faved pSPce and EcoRI -cleaved pSPcy, respectively, as tem- 
plates and were then capped in vitro with vaccinia virus mRNA 
guanylyl transferase”. Each of these mRNAs, combined with the 
Т. californica AChR a-, B- and 8-subunit-specific mRNAs" (molar 
“ratio of the a-, B-, y/e- and 5-subunit-specific mRNAs, 2:1:2:1; 
t mRNA concentration, 120-340 ng ul '), was injected into 
| Хейориз laevis oocytes (average volume injected per oocyte, 
2—20 nl).- The oocytes, were incubated for 3 days in conditions 
described previously? before being tested for response to ACh. 


component of a third type of AChR which appears at a particular 
tage of muscle development”. It is also possible that the e- 
ubunit (or the y-subunit) is a constituent of the nicotinic AChR 
resent in rieuronal synapses?” 

ti-Tronconi et al? have determined the sequences of the 
mino-terminal 23-35 amino-acid residues of the four polypep- 
des derived from fetal. calf muscle. AChR. Three of these 
sonably well with the amino-terminal 
the mature a- (ref. 7), B- (ref. 8) and 5- subunits!? 
d duced by us from the cDNA sequences, but the fourth 
sequence (designated x) matches neither the y-subunit? nor the 
ubunit. This may imply the possible existence of still another 

AR, 


- ashi Miyata for computer analysis and 
helpful discussions. This investigation was supported in part by 
research grants from the Ministry of Education, Science and 


Culture of Japan, the Mitsubishi Foundation and the Japanese. 








Fig. 4 Autoradiogram of blot hybridization analysis of calf 
muscle RNA with ап AChR e-subunit (A) or y-subunit (B) cDNA 
probe. Samples of skeletal muscle poly(A)* RNA (40 pg each in 
A or 30 pg each in B) from a 4-month-old (lane a) or a 7-month-old 
(lane b) fetal calf were denatured with 1 M glyoxal and. 50% 
dimethyl sulphoxide, electrophoresed on 1.5% agarose gels and 
transferred to a nitrocellulose filter’ (A) or diazophenylthioether 
paper? (B). The hybridization probe used was the 1,535-bp frag- 
ment of clone pcACRe64 extending from the PstI site flanking the 
5' end of the cDNA insert to the EcoRI(1,444) site (A) or an 
equimolar mixture of the 1,004-bp fragment extending from the 
PstI site flanking the 5' end of the cDNA insert to the AccI(1,054) 
site and the AccI(1,054)/ Acc1(1,560) fragment, derived from clone 
pcACR y5 (ref. 9) (В); the two probes, labelled by nick-translation 
with [а-22Р] dCTP, had nearly equal specific radioactivities (~4 x 
10° c.p.m. per ug), but the photograph in A is more exposed than 
that in B, to intensify the hybridization signal. The size markers 
used were calf and E. coli ribosomal RNA. The positions of the : 
e-subunit mRNA (~4,200 nucleotides) (A) and the y-subunit i 
mRNA (~2,000 nucleotides?) (B) are indicated by arrowheads; ~ D 
the larger RNA species (— 3,700 nucleotides) hybridizable with е: 
y-subunit cDNA probe probably represents incompletely spliced ` 
RNA as described previously’. 
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The antigen receptor on T lymphocytes has recently been character- 
_ ized ав а heterodimeric, transmembrane glycoprotein consisting 
': of disulphide-linked æ (acidic) and. B (basic) subunits of relative 
“molecular mass (M,) 40,000-45,000 each. The genes encoding 
these proteins have been cloned aad shown to resemble 
immunoglobulin genes in both overall structure and the require- 
^ merit for DNA rearrangement before expression *-"'. In humans, 
"three additional proteins, termed the ТЗ complex, are found associ- 
“ated with the clonotypic receptor, and a role for ТЗ in receptor 
. expression has been ргороѕей'2-'°, Despite these recent advances 
in characterizing the antigen receptor complex, there is as yet 
;. little understanding of T-cell maturation, particularly the stage 
оғ T-cell ontogeny at which the genes encoding the antigen receptor 
and its associated structures are expressed and assembled. In the 
adult, stem cells destined to differentiate into T cells arise in the 
bone marrow and migrate to the thymus'5, where T-cell precursors 
;proliferate, develop a preference for recognizing antigens in the 
context of self MHC molecules'^'5 and. are released to the 
periphery. Recently, cells that have the properties of immature 
murine thymocytes have been isolated and described'?7?, We have 
now analysed these cells with a series of molecular probes and we 
describe three distinct patterns of T-cell antigen receptor gene 
rearrangements in developing thymocytes. 

"Two-colour flow cytometric analysis of the Lyt2 and L3T4 
< T-cell-surface antigens on adult murine thymocytes and analysis 
“of T8 and T4 markers on human thymocytes using monoclonal 
"antibody. plus complement-mediated lysis reveal four major 

subpopulations'^-"^ (Fig. 1). In the mouse, cells bearing both 
Lyt2 and L3T4 make up most thymocytes (80-8596) and corre- 
:spond to cells found predominantly in the cortex. Immunocom- 

petent, mature thymocytes have one of two phenotypes, Lyt2*, 
L3T4* or Lyt27, L3T4*, which make up 3-5% and 8-15% of 
" murine thymocytes, respectively” 3. The fourth subpopulation 
is negative for both Lyt2 and L3T4 markers and represents only 
3-4%. of thymocytes: Some of these cells bear low levels of the 

_ Ly] surface antigen, a fact important for their initial isolation” 
(Thus their phenotype is Ly2~, L3T4~, Ly1?" and they have 
|; been called dull Lyl (dLy1) cells. They are large, blast-like cells 
| and may correspond to the blast cells with a similar phenotype 
. that are found early in the developing fetal thymus”. dLyl cells 
| with a purity of 97% have several properties indicating 
re T-cell precursors'??", When cultured in vitro, 25- 
entiate within 20h to cells with the Lyt2*, L3T4* 
his experiment extends the observation of Ceredig 
Pop that Lyt2~ precursors differentiate in vitro to Lyt2* 
* More importantly, adoptive transfer experiments 
dat these isolated cells re-enter and transiently repopu- 
e thymus of congenic irradiated recipient mice. Donor- 
ed cells with both the Lyt2^, L3T4^ and cortical (Lyt2*, 
Т4?) phenotypes appear first in the thymus. Within 10-20 
_ days after transfer, donor-derived cells have differentiated into 
zi thymocytes. with the phenotypes. of immunocompetent T cells 
 (Lyt2*, L3T4^ and Lyt2^, L3T4*). However, cells in the dLyl 
{ population have certain properties which distinguish them from 
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Fig. 1 Two-colour flow.cytometric analysis of Lyt2 and L3T4 on 
B6 thymocytes during the isolation of the precursor thymocyte 
population. Thymocyte suspensions..from CS7BL/6 mice (6-8 
weeks old) were prepared as described. elsewhere"; Cells we 
incubated for 30 min at 4 °С with a saturating concentration: 
antibody, then washed twice in Hank's balanced salt solution wit 
0.1% bovine albumin and 0.1% sodium azide and resuspended 
for the next incubation. The sequence of reagent incubation for 
panel a was: (1) anti-L3T4 culture supernatant’, (2) fluorescein: 
isothiocyanate-labelled goat anti-rat immunoglobulin, (3) normal 
rat serum, (4) biotin-labelled rat anti-Lyt2?5, (5) Texas-red avidin, 
Flow cytometry was performed on a fluorescence activated cell 
sorter?. a, Unfractionated thymocytes. b, Lyt2~ thymocytes; iso- 
lated as previously described'?. Briefly, 20-30 x 10* thymocytes 
were incubated with anti-Lyt2.2 ascites fluid and rabbit comple- 
ment. Viable cells were obtained by purification on Ficoll-Paque 
(Pharmacia). Cells were washed three times. c, Isolated’ Lyt2 
L3T4', Lyi*" (dLy1) cells. Lyt2” cells were treated with anti- Lyl. 
ascites, purified anti-L3T4 antibody and complement, and again 

purified by centrifugation over Ficoll. : 





bone marrow-derived stem cells that can also repopulate the 
thymus, including a limited capacity for self-renewal, and the 
ability to give only a single wave of differentiation that generates 
the other three phenotypes in the thymus. Although studies o 
the functional properties of these dLyl cells and their progen 
remain to be performed, these data suggest that the dLy1 cells 
represent a population of precursor thymocytes at an intermedi- 
ate developmental stage between marrow-derived stem cells and 
immunocompetent T cells. 
The expression of RNA encoding T-cell antigen receptor 
proteins was assayed in the dLyl precursor population to dete 
mine whether these early thymocytes were transcribing recept: 
genes. Total cytoplasmic RNA was analvsed by Northern bl 
ting with a-(TT11)? and 8-(86T5) chain? cDNA probes (Fi 
2). These experiments reveal that the dLyl cells as well a 
unfractionated thymocytes contain the 1.3- and 1 0-kilobase (k 
B-gene transcripts shown to represent V-D-J and. D-J f 
arrangements respectively ^'^. In this experiment the pi 
(dLy1) cells contained B- - chain-specific transc 
centration approximately equal to the unfractionated cell. Th 
indicates that within the highly purified dLyl population, . 











ау! Cells | 
25 5 






peo ау Cells Unfractionated 
BBB 10 25: 8 











ч a B 

Fig. 2 Northern blot analysis of thymocyte and dLyl RNA to 
reveal a- and B- -chain gene expression. Cells (0.9-2.5 x 10°) were 
homogenized in.4M guanidinium thiocyanate and RNA was 
: purified by centrifugation through CsC 1°. The RNA was denatured 
cim 2.2 M formaldehyde, and the indicated amount of RNA (yg) 
‘electrophoresed in а 1% agarose gel with 0.2 M formaldehyde, 
then transferred to nitrocellulose. The probe used to detect a-chain 
gene expression was the Rsal to Avall fragment comprising the 
constant region of the TT11 cDNA clone’. The 86T5 cDNA clone 
was used to detect /3- chain gene expression”. Probes were labelled 
by nick-translation. Hybridization was in 5 x SSPE, 1 x Denhardt's 
solution, 10% dextran sulphate and 50% formamide at 42 °C. The 
blots were washed twice in 2 x SSPE, 0.1% SDS at 55° С and once 
in 0.2 x SSPE at 55°C. 












































least some cells transcribe RNA for the B-chain gene product. 
When the same blot was probed with the a-chain cDNA clone 
ЧЕ, however, essentially no hybridizing RNA was observed 
in the dLyl population. Since the dLyl cells is an early thy- 
mocyte, these data suggest that a-chain RNA expression follows 
B-chain gene expression in intrathymic T-cell maturation. 
The T-cell antigen receptor in mature T cells is associated 
With three molecules comprising the ТЗ complex. A cDNA insert 
of the clone PEM-T36, which encodes the murine ТЗ M, 20,000 
‘glycoprotein 8-chain?", was used to probe the dLyl thymocyte 
population (Fig.3). The probe hybridized to RNA from the 
purified dLy1 population as well as to RNA from unfractionated 
ymus and the mature. T-cell line СТІЛ, but not with A20 
-cell RNA. As RNA for this product is expressed in the dLyl 
population, this gene product is not likely to be limiting in the 
assembly of the T-cell antigen/receptor complex. Expression of 
RNA for the B-chain of the antigen receptor and the T3 6-chain 
thus both early events in T-cell maturation. 
To: analyse antigen receptor genes of early Т cells at a clonal 
level, we fused purified precursor thymocytes with the drug- 
marked thymoma BW5147, reasoning that these large, proliferat- 
g immature cells would fuse readily with the thymoma line. 
They. would thus behave like pre-B cells derived from fetal liver, 
ich fuse efficiently to plasma cell lines??. Indeed, we observed 
| high frequency of fusions in such an experiment (1 in 5-10 x 
10°). Twelve of these lines were tested for the presence of the 
у L2 allele, a T-cell marker donated by the B6 dLyl cells 
and not by the AKR-derived Thy 1.1 BW5147 cells. Of these 
2,9 expressed the expected marker from the input cells, imply- 
ng,though not proving, that they derived from fusions involving 
Is of the T lineage". These cells were also stained with 
"antibodies binding. Lyt2 and L3T4 and were all negative for 
these markers, consistent with a dLyl (Lyt2 , L3T4 ) origin. 
DNA was isolated from these 12 lines and subjected to 
uthern blot. analysis (Fig. 4a, b). Germline Вб mouse DNA 
ligested with the restriction enzyme Рои gave three tightly 
ing, though not always well-resolved, bands of 6.4, 6.2 
0 kb hybridizing with the 86T5 8-chain probe. DNA from 
-BW5147 thymoma cell showed two non-germline bands at 
6.5 and 5.8 kb, resulting from two separate rearrangements to 





Fig. 3 Northern blot analysis with the T3 6-chain probe. The. 
RNA and blots were prepared as described in Fig.2. The blots 
were prehybridized at 42°C for 2h in 50% deionized formamide, 
5xSSC, 5xDenhardt's solution, 50mM sodium phosphate, 
pH6.5, 0.1% SDS with 250 mg ml" ! denatured salmon-sperm 
DNA. Hybridization was carried out in the same buffer for 16h 
at 42°C. The mouse T3 à-chain cDNA insert of clone PEM-T357* 
was nick-translated and used as a hybridization probe. Following 
hybridization, blots were washed three times in 2 x SSC, 0.1% SDS 
at 25? C and twice in 0.1 x SSC, 0.1% SDS at 50* C. 


the C32 locus (К. Lechler and R.N.G., N. E. Lee and M.M.D., 
unpublished results). The hybrids have a combination of 
BW5147-derived bands, germline bands, and additional bands 
presumably representing rearrangements in the precursor popu- 
lation. Eight hybrids possess such additional rearrangements їп > 
their DNA, whereas four Thy 1.2* hybrids (168, 1610, 209 © 
and 2Е5) contain non-BW5147 hybridizing bands of only germ- 
line pattern. To confirm the finding that these four hybrids had 
only germline bands of B6 origin, further analysis of these DNA 
preparations after digestion with the restriction enzymes Hpal 
(Fig. 4b) and Hindlll (data not shown) was performed. The 
additional experiments indicated that these four hybrids had all 
the expected germline and BW5147-derived restriction frag- 
ments without any additional bands. Thus an analysis with three | 


restriction enzymes revealed that, while many hybridomas 


showed -locus rearrangements consistent with the observed . 


transcription of B-chain genes in the dLyl population, asubstan- 


tial fraction of the hybrids retained nonrearranged -chain 
genes. 

The pattern of a- and B-chain gene expression in the dLyl 
and total thymocyte populations, together with these data on 
B-locus rearrangements in dLyl-derived T hybridomas, suggest : 
three distinct patterns of T-cell antigen receptor gene rearrange- ` 
ment in developing thymocytes. Two of these subpopülations 
exist within the dLy1 precursor population. The first, character- 
ized on the basis of four hybrids, has germline B-chain and, 


because a transcripts are absent in dLyl cells, apparently: 2 


unrearranged a-chain gene loci. The analysis of genomic DNA 
from eight additional hybrids defines a second subpopulation 
with rearranged B-chain, and by the same reasoning, germline 
a-chain genes. One can infer the existence of a third sub- 
population, not present among dLyl cells, in which both gene 
loci are rearranged, as thymocytes bearing a mature 0/8: 
heterodimer” and an intact T3 сотріех?* have. been demon- 
strated with monoclonal antibodies. Although the T3 ó-chain - 
gene is expressed in the dLyl subpopulation, no information 
yet exists to place expression of the other. T3. components in 
this scheme. 

The characterization of the first two of these subpopulations 
depends on certain assumptions about the fusion of dLyl ceils 
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Fig. 4 Southern blot analysis of genomic DNA from dLyl 
hybridomas. dLyl cells were isolated as described in Fig. 1 and 
fused to the drug marked thymoma BW5147 with polyethylene 
glycol. Hybridomas were selected in hypoxanthine/aminopterin/ 
thymidine medium. DNA was prepared from the cells by 
standard methods", digested with the restriction enzyme Poull 
(a) or Hpal(b), electrophoresed through 0.7% agarose and blotted 
onto nitrocellulose. The 86T5 8-chain probe was used for hybridiz- 
ation and the blots were washed three times in 2 x SSC, 0.1% SDS 
at 25^ C and three times in 0.2 x SSC, 0.196 SDS at 60? C. The inset 
“represents.a longer exposure of the blot in panel a. Germline DNA 
i from liver is included in the first lane. 


“with the BW5147 thymoma line. First, that contaminating cells 
-of’other (non-dLy1) phentoypes did not fuse to the BW5147 
| ;thymoma. An analysis of those non-dLyl cells showed that most 
had a mature phenotype and thus were likely to contain pre- 
. dominantly small resting cells that might not fuse without stimu- 
. lation (Yeh et al/5 and L.E.S., unpublished data). Furthermore, 
the 12 hybrids randomly chosen for DNA analysis bore the 
- expected Lyt2^, L3T4 phenotype of the dLyl cell. Second, 
because the dLyl population seems heterogeneous for a series 
i of other cell-surface markers (B.J.F., unpublished data), it is 
< possible that there was preferential fusion involving a subpopu- 
dation of dLyl cells such as those with germline B-chain loci. 
The proportion of hybridomas that have germline B-chain genes 
may пої accurately reflect the true fraction of dLy1 cells with 
this phenotype. We assume, however, that these cells are in the 
 F-cell lineage because all bear the Thy 1.2 surface marker. 
*. Because the relationships among the various thymocyte sub- 
populations remain disputed"*, it is not possible to make direct 
` correlations between the various patterns of a- and В-сһаіп 
‘gene expression described here, and a single, linear pathway of 
< T-cell development. Nevertheless, the three distinct T-cell rear- 
2 gement patterns can be related to stages of the better-defined 
ll differentiation | process"^. In the B lineage, the heavy-chain 
enes first undergo. rearrangement, followed by the appearance 
f inti cellular р, proteins in the pre-B cell. Only after subsequent 
ht-ci gene rearrangement and expression has occurred 
“does. the complete immunoglobulin molecule. appear on the 























surface of the mature В cell. In the T lineage: at soi 
after commitment, cells with non- -rearranged @- anc 
genes can be found. The four hybrids with ger 
gene loci may be examples of such cells, althoug 
be shown that these cells have germline a-chain gene 
not cells of a lineage that do not use the B-chain 
(for example, suppressor T cells??). By analogy to B-cel 
теп, we propose the name "pro-T' cells for t om 
precursor subpopulation. Cells of the second subpopülati 
analogous to the pre-B cell. These pre-T cells have reari 
one of their receptor genes, 8, and express RNAS corresp 
to both D-J (1.0kb) апа V-D-J (1.3kb) rearrange: ent 
Although we have no evidence for D-J rearrangement preceding 
V-D-J as the 1.0- and 1.3-kb mRNAs are present. in equa 
amounts, such a progression may occur” as in B cells ^? 
some later stage, the a-chain genes are rearra ged and tra: 
scribed, giving rise to the complete receptor on the mat 
cell. Such a sequence of rearrangements also seems to 
the fetal thymus? In the experiments of Raulet et al, h 
a preponderance of 1.0-kb 8-chain RNA is seen: in the fet 
thymus, perhaps because during ontogeny the developr enta 
steps are better synchronized. The complexity of events w 
this maturational scheme may account for the large number 
B gene clones corresponding їо D-J type rearrangements that 
were isolated from a thymocyte library?..A V-containing g- 
chain gene product may be needed before a-chain gene 
rangement, accounting for the relatively low level of a 
transcripts in the thymus’. Although cells with characte st 
of pro-T and pre-T stages can be found in the immature dLyl 
population of thymocytes, and the thymus contains some T cells 
with mature phenotype and antigen receptors, further experi 
ments are necessary to determine if differentiation through these 
stages takes place entirely or solely within the thymus. Repopula- 
tion experiments with isolated pro-T and pre-T cells sho 
provide further insight into these issues. 
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ee is. the primary physiological regulator of erythro- 
is; however, in vitro studies have identified another class of 
mediators. which appear to be important in stimulating erythroid 
‘progenitors. These factors have generally been referred to as 
"burst-promoting activities (BPA), because they stimulate the 
growth of early erytliroid progenitors referred to as burst-forming 
its-erythroid (BFU-E) which give rise to colonies of up to 
thousands of haemoglobinized €elis!?. We recently reported purifi- 
tion of a burst-promoting activity from medium conditioned by 
he Mo T-lymphoblast cell line infected with human T-cell lym- 
photropic virus type II (HTLV-II)^^. This purified glycoprotein 
оѓ relative molecular mass (M,) 28,000 also stimulates colony 
ormation by more mature erythroid precursors (CFU-E) and is 
therefore referred to as erythroid-potentiating activity (ЕРА). 
Purified ЕРА specifically stimulates human and murine cells of 
the erythroid lineage, unlike murine interleukin-3 (IL-3) which 
imulates precursor cells from all haematopoietic lineages®. We 
report here the isolation of a complementary DNA molecular 
lone: encoding EPA.and its use in producing EPA in COS 
(monkey) cells and CHO (Chinese hamster ovary) cells. We also 
define the organization of the EPA gene in human DNA. 

_ Purified EPA obtained from two 10-1 preparations of medium 
| conditioned by the Mo T-lymphoblast cell line was analysed in 
four separate samples using a gas phase sequenator. From a 
otal of approximately 25 ре of purified protein, the following 
partial. amino-acid sequence was obtained from the NH3- 


5$ 10 15 20 25 
K(AJTCVPPH?QTAFCNSDLVIRAKFVGT 


Using this sequence, three different oligonucleotide probes were 
prepared. The first probe consisted of all 64 possible 12-mers 
encoding residues 9-12 above (QTAF). The second probe con- 
sisted of 64 14«mers predicted from residues 21-25 (AKFVG). 
‘The third probe was a pool of 16 53-mers predicted from residues 
9-26 based on preferred codon usage. A cDNA library was 
'epared from Mo messenger RNA and enriched for sequences 
specific to mature T cells by hybridizing the single-stranded 
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20:5 20036 BOR S sos оов 
GCCbCAGATC CAGEGCCCAG AGAGACACCÁ GAGAACOEAC C ATO CCC ccc dir бас Сес 
MET Ale Pto Phe Clu Pro 


71i B6 > : iot 
стс CCF ТСТ СОС АТС СТС TTG TTO CTO TOG CIG ATA CUC ССС ACC АСС ССС ТСС 
Leu Ala Ser Clg lie Leu Lew Leu Leu vy Lee Tle Ala Fro Ser Ав / Ala ci 


116 n 146 161 
ACC ТСТ СТС ССА ССС САС ССА САС АСС ССС ТТС ТОС ААТ TCO САС СТС СТС ATG. 
Thr Cys Val Pro Pro-His Pro Gis Thr Ala Phe Cys Aun Ser лар Leu Val ile. 


176 КИЯ 208 2n 
AGG ССС AAG TTC СТС ССС ACA ССА CAA ОТС ААС САС ACC ACC TTA TAC CAG CGT 
Arg Ala Lys Phe Val Gly The Pro Glu. Val Asn Сір Thr Thr Leu Tyr Gin Arg 


236 251 266 
TAT SAG АТС AAG АТС АСС ААС АТО TAT ААА COG TIC САА ССС ТТА GCO САТ GCE 
Туг Clu Ile Lys MET Thr Lys MET Tyr Lys Gly Phe Gla Ala Lew Gly Asp Ala 


281 296 эц À 326 
CCT САС АТС COG TTC СТС TAC ACC ССС СОС АТб GAG AGT GTC ТОС. ССА ТАС TIC 
Ala Asp lle Arg Phe Val Tyr Thr Pro Aia MET Glo Ser Vai Cys Cly Tyr Phe 


341 356 37i 
САС AGG ТСС САС ААС ССС АСС GAG САС TTT СТС АТТ ССТ ССА AAA CTG CAG GAT 
His Arg Ser His Asn Arg Ser Clu Clu Phe Leu Ile Ala Gly Lys Leu Clo Asp 


386 401 416 A3 
GCA СТС TTG CAC ATC ACT АСС ТОС AGT TTT OTG ОСТ ССС ТОС AAC АСС СТС AGC 
Cly Leu Leu His Ile Thr Thr Cys Ser Phe Val Ala Pro Trp Asn Ser Leu Ser 


446 51 476 491 
ТТА ССТ CAG CGC ССС GCC TTC ACC AAG АСС TAC ACT CTT GOC ТОТ GAG GAA ТСС 
Leu Ala Gin Arg Arg Cly Phe Thr Lys Thr Tyr Thr Val Gly Cys Glu Clu Cys 


506 521 53% 
АСА СТС TTT ССС ТСТ ТТА TCC ATC ССС ТСС ААА СТС САС АСТ ССС АСТ САТ ТСС 
Thr Val Phe Pro Cys Leu Ser Ile Pro Cys Lys Leu Cin Ser Gly Thr Hís Cys 


551 566 581 596 
ТТС ТСС АСС САС САС CTC CTC САА ССС ТСТ САА AAG COC TTC САС ТСС ССТ САС 
Leu Trp Thr Asp Gin Leu Leu Cin Gly Ser Clu Lys Gly Phe Gin Ser Arg Ніз 


611 626 641 
CTT GCC TGC СТО ССТ ССО САС CCA ССО СТС TOC ACC TOC Cag ТСС CTG COG ТСС 
Leu Ala Cys Leu Pro Arg Clu Pro Gly Leu Cys Thr Trp Gin Ser Leu Arg Ser 


656 675 685 695 705 715 
САС ATA ССС TGA АТССТССССС САСТССАЛСС ТСЛАСССТСС ACAGTGTCCA CCCTGTTCCC 
Gln Ile Ala 

?25 735 74% 155 765 


АСТСССАТСТ ТТСТТСССОА CAATCAAATA ААСАСТТАСА CCAGCAAAAA АЛЛАА 


Fig. 1 Nucleotide and deduced amino-acid sequence of the cDNA 
clone encoding EPA. 

Methods. Standard gentle lysis procedures were used to préparé А 
RNA from 2 х 10? lectin-stimulated Mo cells. Polyadenylated RNA’ 
was selected with oligo(dT)-cellulose and used as the template to. 
synthesize the first strand of cDNA by. reverse transcription... 
Approximately 1 ug of single-stranded cDNA, obtained from 10 pg ^ 
of poly(A)* RNA, was enriched by hybridization to 10-fold excess | · 
concentrations of mRNA from a human B-cell line (Daudi) апа 
immature T-cell line (CEM), and the unhybridized cDNA (~5% 

of input cDNA) was recovered by chromatography on hydroxy- 
lapatite. Standard techniques were used to synthesize the second 
cDNA strand, digest the single-stranded loop and add homopoly- 
meric (dC) tails. The cDNAs were annealed with G-tailed pBR322 
and used to transform Escherichia coli. A final yield. of 40,000 
colonies was obtained from double-stranded cDNA. EPA was. 
purified from serum-free Mo-conditioned medium using the pre- 
viously published method’. Two preparations of EPA containing ; 
~25 pg were subjected to Edman degradation and analysed on a — 
gas phase sequenator. Based on the amino-acid sequence obtained, 
three pools of oligonucleotide probes were constructed. The pools 
were used to probe replicate filters containing the recombinant 
plasmids described above. Potential EPA clones. were identified 


by colony hybridization. DNA from positive clones was analysed ae 


by restriction digestion and hybridization to the oligonucleotide | 

probes. EPA cDNA clones were verified by DNA sequence analysis 

using the dideoxynucleotide chain termination procedure primed 
with the oligonucleotides described in the text’: ovem 


cDNA to mRNA from B cells (Daudi) and immature Т. cells um 


(CEM). One set of replicate filters containing the enriched Мо 
cDNA library was hybridized with the 64 12-mers and the other. 
set with the 64 14-mers described abese DNA fi from. 10 clones . 
which hybridized with both probe B 
by digestion with Pst! and hybrid 
oligonucleotide probes. Three. clo 










further characterized. 
А рор of eight eee 


sequence was that expected from the amino-acid I sequence of 3 

















Fig. 2 Analysis of EPA mRNA from human cells and cell lines. 
Polyadenylated cytoplasmic RNA (5 ug) was isolated from U-937 
cells cultured. in the presence of 10nM dexamethasone for 20h 
(lane 1); U-937 cells (lane 2); Mo cells cultured in the presence 
of dexamethasone (lane 3); Mo cells (lane 4); Mo cells treated 
for 20h with phytohaemagglutinin (0.3%) and phorbol myristate 
acetate (5:mg ті!) (lane 5); C10-MJ2 cells (lane 6); UCD-144- 
=. MLA cells (lane 7); and peripheral blood lymphocytes (lane 8). 
уу The mRNA was fractionated on a 1% agarose gel, transferred to 
` nitrocellulose and hybridized with the EPA clone labelled with "P 

i as described previously". 


residues 1-19, confirming that these cDNA clones encode the 
EPA protein. 
The complete nucleotide sequence of all three clones was 
_. obtained by dideoxy sequencing of M13 subclones (Fig. 1). The 
СОМА encodes a protein of 207 amino acids. Based on the 
<x NH»-terminal sequence of the mature protein, a signal peptide 
of 23 amino acids is predicted by the nucleotide sequence. 
_ Characteristic of other signal peptides, this region is rich in 
_ hydrophobic amino acids. The predicted relative molecular mass 
of the mature protein is in good agreement with the apparent 
18,000 M, observed following digestion of EPA with endogly- 
~ cosidase F (ref. 4). Endoglycosidase F removes both high man- 
i nose and complex asparagine-linked carbohydrate moieties’: 
‘two possible sites for asparagine-linked glycosylation are amino 
acid 53 and 101. The presence of 12 cysteine residues in the 
; deduced amino-acid sequence predicts a protein structure which 
-could account for the marked heat stability previously described 
_ for EPA biological activity’. 
The EPA cDNA clone was used to screen a cDNA library 
*: prepared from the gibbon lymphosarcoma cell line UCD-144- 
MLA", а source of numerous lymphokines including burst- 
: promoting activity. The resulting clones. were sequenced and 
"compared with the nucleotide sequence of human EPA. Seven 
nucleotides within the coding region differed between human 
. and gibbon EPA, resulting in a single amino acid change from 
arginine to lysine at residue 43. 
Further confirmation that these clones encode EPA was 







imples from the immature B-lympho- 
i not shown). These results are in 
ious reports of EPA activity, as well as the 
ice of the EPA protein in cell supernatants as 
immunoprecipitation and radioimmunoassay 
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Fig. 3 Biological activity of EPA cDNA clones expressed in mam- 
malian cells. a, Stimulation of human peripheral blood BFU-E by 
dilutions of supernatants containing recombinant EPA expressed 
transiently in COS cells (8) compared with mock-transfected COS 
cells (А). b, Supernatant from CHO cells which constitutively 
produce high levels of recombinant EPA (@) compared with supe 
natant from a CHO line which does not express the EPA cDNA. 
(A). | ; UON 
Methods. The ехргеѕѕіоп vector 91023(B) is described in detail — 
elsewhere". This plasmic contains eukaryotic regulatory elemen 
from adenovirus, simian virus 40, and the mouse immunoglobulin... 
and dihydrofolate reductase genes. COS 7 monkey cells were trans- 
fected with the EPA cDNA inserted into the 91023(B) vector using 
а previously described procedure'". Briefly, cells were incubated 
for 12 h at 37 °C in serum-free Dulbecco's modified Eagle's mediu 
containing DEAE-dextran (М, 5x10* Pharmacia, 250 mg ті? 
with 0.1 M Tris pH 7.3 and 2 реті! plasmid DNA. After the 
incubation, cells were rinsed with serum-free medium and treate 
for 2h at 37*C with 1 mM chloroquine in medium containing 
serum. Cells were washed and medium was collected at varying 
intervals. Chinese hamster ovary cells (CHO) were transfected with 
the 91023(B) vector containing the EPA cDNA clone and a fune=\ 
tional dihydrofolate reductase clone subcloned into the unique. 
Clal site. Stable transfectants were isolated by selection in growth 
medium without nucleosides for about 2 weeks. The transfected 
DNA containing the EPA sequence was amplified by repeated... 
stepwise selection in methotrexate for ~2 months. To determine’ 
the levels of recombinant EPA protein synthesized, supernatants 
from transiently infected COS cells and stably infected CHO cells ` 
were analysed in a radioimmunoassay for EPA (J.C.G., J; Chan 
and D.W.G., in preparation). Samples which were. positive for- 
immunoreactive EPA were assayed for biological activity, by: 

measuring stimulation of the growth of human peripheral blood: 
BFU-E in methylcelluloseculture?:: Peripheral blood leukocytes 
were plated at a density of 3 x 105 cells ті in 96-well tissue culture p 
trays. Each well contained 0.1 ml of cells in methylcellulose and 
0.01 mi of a dilution of the test supernatant. Control wells wete. 
those to which diluent alone was added, and they contained 20 
colonies per well in panel а and 16 colonies per well in panel-d. 





(unpublished results). Treatment of U-937 (Fig. 2, lane 1) and 
Mo (lane 3) cells with the glucocorticoid dexamethasone 
appears to decrease the level of EPA mRNA by approximately 
twofold. Similar results have been seen with other T-cell-derived 
growth factors including IL-2'' and granulocyte-monocyte 
colony-stimulating factor (С М-СЅЕ)'?. Treatment of Мо cells 
with phytohaemagglutinin and phorbol myristate acetate (Fig. 
2, lane 5) does not greatly increase the abundance of EPA 
mRNA over that produced constitutively. In similar conditions; . 
GM-CSF mRNA levels are increased approximately two- to 
fourfold'?. v 
To provide definitive evidence that the cDNA clone encoded 
EPA, it was expressed in mammalian cells. The EPA cDNA. - 


















































from the J-LB-IL human T-lymphoblast cell line? 


clone was itid into the 91023(B) mammalian expression 
vector and transiently expressed in COS monkey cells". The 
centration of EPA in the unfractionated COS cell super- 
tants was estimated, by: radioimmunoassay, to be approxi- 
ately 1g ml! 72 h after transfection, indicating efficient 
pression of the cDNA clone. 

Supernatants from COS cells transiently infected with either 
91023(B) vector alone or the vector containing the EPA 
ing region were assayed for stimulation of human peripheral 
jod BFU-E. The results (Fig. За) demonstrate biological 
ivity of the recombinant EPA transiently expressed in COS 
jonkey cells. Good stimulation of erythroid bursts (713096 of 
control) is seen at concentrations as low as —5 pM (based on 
ie concentration of immunoreactive EPA). In every case, the 
pernatant from the mock-infected or uninfected COS cells 
iad a slight stimulatory activity on human BFU-E, apparently 
e to some. constitutive production by COS cells of a factor 
hat stimulates human erythroid precursors. 

In addition to transient expression of EPA in COS cells, it is 
eful to generate cell lines which constitutively produce high 
levels of EPA. protein. Chinese hamster ovary cells with 
ntegrated : copies of the 91023(B) vector containing the EPA 
ding region along with the dihydrofolate reductase gene were 
selected in methotrexate. After approximately 2 months of 
election, levels of EPA. protein in supernatants from 31 CHO 
cell clones were estimated by radioimmunoassay. One clone was 
ound to constitutively produce levels of recombinant EPA 
milar to those obtained by transient expression in COS cells. 
The biological activity of recombinant EPA in the medium 
onditioned by this cell line was compared with medium condi- 
toned by CHO cells which had been treated in the same way, 
but were not producing recombinant EPA. Figure 3b shows the 
stimulation of human peripheral blood BFU-E by recombinant 
EPA produced by this stable line of CHO cells. No endogenous 
burst-promoting activity is seen in the supernatant from CHO 
ells not producing recombinant EPA. The.recombinant EPA 
is active in the. picomolar range of concentrations, as is the 
urified protein from Mo-conditioned medium’. 

To study the molecular organization of the human EPA gene 
sequences, high- M; DNA was prepared from human T-cell lines 
 (-EB-II, J-EB-1IT, J-WM-IV, Mo), B-cell lines (Wil), a myeloid 
line (HL-60) and a fibroblast line (143) and analysed by the 
ethod of Southern" for hybridization to the EPA cDNA clone. 
all cases the same pattern was seen (Fig. 4a). The restriction 
zyme Xbal generated a stron gly hybridizing fragment of 
9 kb and a faint band at 4.7 kb. A single fragment of 5.2 kb 
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_ Fig. 4. Genomic organization of human EPA. a, Human DNA isolated from the HTLV-II-transformed J-LB-11 T-lymphoblast cell line was 
digested with Xbal, HindIII and EcoRI and hybridized with the EPA cDNA. b, Restriction map of an EPA genomic clone in Charon 30 
(AEPA.3) and subcloned into pBR322 (pEH 5.2) are shown. Restriction sites аге: R, EcoRI, X, Xbal; Н, Ніла; A, Aval; №, Ncol; I, Hincll. 
Methods. High М, DNA was prepared from a variety of cell lines, using standard procedures. The lengths of restriction fragments containing 
EPA sequences were determined by the method of Southern". А A phage recombinant library was constructed using Charon 30 and. DNA 

. The J-LB-III DNA was digested with the restriction enzyme Sau3A for various times and 
10-25-kb fragments were isolated using a NaCI gradient^'. The J-LB-I1I DNA was ligated to Charon 30 DNA which had been digested with 
Ват and purified on a NaCl gradient. Recombinant phage were recovered by in vitro packaging". The recombinant phage were screened 
(M hybridization to a probe consisting of a full-length EPA cDNA clone. Two smaller fragments of the EPA cDNA clone were isolated using 
Psi, gel purified and used to generate detailed restriction maps of the EPA genomic clones. 


and 12.5 kb was detected following digestion with Ніпа and 
EcoRI respectively. 

To obtain а more detailed map of the structure of the. EPA : 
gene, a recombinant A phage library (prepared from Charon.: 
30 and J-LB-III DNA) was screened with the EPA cDNA = 
clone as a probe. Three overlapping genomic EPA clones were’. 
obtained from approximately one million recombinant phage. 
The restriction map of one representative clone, A ЕРА 3, is. 
shown in Fig. 4b. This clone contains the 12.5-kb EcoRI fragmen 
and the 5.2-kb Hindlll fragment which was subcloned into 
pBR322 for further analysis (pEH 5.2). Restriction analysis of 
РЕН 5.2 revealed that EPA appears to be encoded by a single 
gene approximately 3 kb in length, interrupted by at least two 
intervening sequences. 

Human EPA specifically stimulates the growth of peripheral. 
blood- and bone marrow-derived erythroid precursors from 
mouse and тап. Il-3 is a 28,000- M, glycoprotein isolated from 
the EL-4 mouse lymphoma cell line and WEHI-3 mouse 
myelomonocytic cells. Unlike EPA, IL-3 stimulates the growth 
of all haemotopoietic precursors, including BFU-E*. Murine. 
IL-3 has been molecularly cloned and sequenced'*" Com-. . 
parison of the murine IL-3 sequence with the human EPA - 
sequence, described here, reveals no homology. Thus EPA is- 
not the human counterpart of murine 1L-3; consistent’ 'with the 
biological observations that EPA does not stimulate pluripotent 
or myeloid precursor cells". | 

A computer search for protein homology did not reveal pre- < 
viously described proteins homologous to. EPA (R. Doolittle, 
personal communication). A computer search: for DNA: 
homology (Genbank) did, however, reveal that a- highly 
homologous partial murine cDNA clone had been isolated. This: 
clone was obtained from virally induced C243 cells using hybrid 
selection of mRNAs whose translation products have antiviral 
interferon activity". The cDNA clone pMIF3/10contains about 
290 base pairs that could encode that 3’ 39 amino acids of a. 
protein plus the 3’-untranslated region. This cDNA clone was 
reported to encode a murine f-interferon-like protein, but the 
relationship between this molecule and EPA is unclear. Eryth- 
roid-potentiating activity has no interferon activity (our unpub- = 
lished observation), and full-length cDNA clones of pMIF 3/10 
have not been isolated and expressed: to Provide direct evidence 
for interferon activity. 

The physiological functions of EPA in vivo are akaoti 
Since EPA stimulates murine erythroid precursors in vitro, as 
well as human, it should be possible to study in. vivo effects of 
this modulator in the mouse. The availability of adequate quan- 
































the evolution and expression of this interesting erythroid 
haematopoietic growth factor. 
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Myxococcus xanthus spore coat protein S 
may have a similar structure 
. to vertebrate lens By-crystallins 
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A The Gram-negative bacterium Myxococcus xanthus has a complex 
. life cycle’ during which large amounts of a protein of relative 
. molecular mass (M,) 19,000, known as protein S, are assembled 
into а spore surface coat by a process that specifically requires 
“calcium ions^". The gene for protein S has been cloned and the 
ЭМА sequence shows that the gene product is composed of four 
internally repeated homologous sequences, each 40 amino. acids 
long“. Although protein S resembles calmodulin both in its inter- 
nally duplicated structure and its ability to bind calcium’, it 
| apparently has a -sheet secondary structure? rather than the 
| helix-loop-helix motifs. that characterize the calmodulin 
family**. We now show that protein S has а striking homology 
:with the B- and y-crystallins of the vertebrate eye lens™™ which 
are fj-sheet proteins with internally duplicated structures. This 
implies that the 8- and y-crystallins evolved from already existing 
* proteins, whose ancestors occurred in the prokaryotes. The biologi- 
cal function of protein S, as a closely packed, stable protein in a 
_ relatively dehydrated environment, has implications for the func- 
_ tions of crystallins, which are found closely packed in the lens 
fibre: ‘cells, where their stability is essential for maintenance of 
transparency. 
vo y-Crystallin has an internally repeated sequence of ~40 amino 
acids’? arranged as two globular domains related by a pseudo- 
dyad, Each domain is formed from two Greek key motifs 
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(strands dabc) related by: further peeado dyad and À 
as two antiparallel 8- sheets, each sheet composed of stri 
c' dab where strand с' is contributed by one motif and 
by the second. In motif 1 the characteristic fold is made possi 
by the presence of a glycine at position 13 which allows the 
B-hairpin formed by strands a and b to fold back on to th 
sheet so that the peptide nitrogen of residue 11 hydrogen-boni 
to the buried side chain of serine 34 which just precedes strand 
d. This leads to interactions between the aromatic amino acids 
at residues 6 and 11, which are protected from solvent ; 
arginine at residue 36. This arrangement is repeated i in the ot 
motifs with a small variation in sheet 3 only". The amino-ac 
sequences of the B- and y-crystallins from several species" 
have this arrangement of residues in common, suggestin 
evolutionary relationship between the two crystallin classes : 
the existence of a protein structural superfamily, the Ву-сгуз 
lins" 

Analysis of the repeated sequences of bovine y-crystalli 
П( уп) shows that motifs y1 and y3, and motifs y2 and y4 hi 
the strongest homologies. Motifs y2 and у4 are long than y 
and y3, and appear to have several residues inserted. оор 
region between strands c and d of the Greek key motifs. A 
similar analysis of protein S shows that $1 and $3, and $2 and 
S4 are the pairs with the highest homologies (60% and 45%), 
indicating a similar pattern of duplication, but greater similarity 
between the two halves than in. By-crystallins. The optimum 
correspondence of repeated sequences between protein S and. 
Yu is nonlinear (Fig. 1). In terms of the number of residues, the. 
52/84 pair corresponds most closely to motif y1 of y-crystallin 
П. Similarly, 51/53 corresponds most closely to motifs y2 and 
(not shown) y4. At the level of sequence identity also; 52/84 
most closely resembles у1, with 33% апа 23% identity respec 
tively, whereas. S1/S3. matches. y2/ y4, with 26%. identit 
between S1 and y2 and 19% identity between S3 and y4. The 
N-terminal domain of уц (y1y2) was used as the basis for 
model for both proposed domains of protein S. Figure 2 shows | 
a model structure for 5182, the N-terminal domain of protei 
S. The structurally important residues are all present, allowin: 
the main chain to follow the same path, forming the characteris 
tic folded hairpin structure described for y (refs 9, 10). The 
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E Fig. i A stereo view 
domain (51+ S2) of 
x by first aligning the: 










erminal: domain of. Yn (comprising то 
guide, with yj coordinates taken from the structure refined 
-at 1.6 А resolution’! The interactive graphics program 
FRODO (ref: 25, modified by T. A. Jones and I. J. Tickle) 
“run on an Evans and Sutherland PS2 was used for model- 
building in the- manner described previously for bovine 
BBp-crystallinó and murine B23-crystallin'®. Main-chain 
“atoms were not moved, except where two insertions were 
required in a surface loop of y2 to model S1 and S3. The 
` coordinates of invariant side chains were retained. For 






nsive hydrog e -bonding i in the B-sheets and elsewhere? is 


e . non-sequential Correspondence between 
was necessary to make and break inter-motif 
; Structure; this is easily achieved as each 
iseudo 2-fold axis, the N-terminus of each 
erminus of each opposing strand d' being 
‘a similar way (Fig. 3). We have attempted 
h sequential alignment of the two polypep- 
less good packing of the hydrophobic core. 

уз in Fig. 2 indicates that the residues which 











all overall decrease in pi volume (see Fig. 1). 
A yr 16 of yl and the topologically equivalent 


ucine, valine or isoleucine in protein S. More 
buried Trp 42 is replaced by isoleucine in S1 
3. However, the inserted residues in the loop 
and d in S1 and S3 of protein S appear to 


























їп protein S. Molecular mechanics calculations imply 
he two -sheets are packed more closely in protein S than 
--y-crystallin I, while. preserving the hydrophobicity of the 
nacti Similar small relative shifts in 8-sheet positions have 
been shown to occur in the azurin/plastocyanin family??. The 
exact relationship of the two sheets must await a detailed X-ray 
analysis, which is now underway". 

_ In 8-erystallins the two domains (31 y2 and y3 4) are related 
by a further pseudo-dyad which gives rise to closely packed 
‘drophobic interactions between residues of strands a, b and 
oof y2 and. y4, involving residues which are conserved as 
ydrophobic in all By-crystallins. In motifs S1 and S3 of protein 
these are replaced by several charged groups, indicating 
hydrophilic contacts with solvent. However, inter-domain con- 
tacts may instead be formed between the sheets that are mainly 
composed of motifs S2 and S4, where hydrophobic residues do 
occur. Most of the surface residues of protein S are hydrophilic 
and many are charged, although the unusually large number of 
п pairs found in y-crystallin П, for example, Arg 36 to Asp 
61 (refs 9, 10), are absent from protein S. Protein S is more 
_ acidicthan y-crystallin II, mainly because of the smaller number 
of arginines/lysines rather than an increase in the number of 
acidic residues. As in y-crystallin II, there is a predominance 
оѓ aspartates over glutamates. 

Overall, the proposed structure for protein S is consistent 
with the data presented by Inouye et al^?. In particular, the 
inter-domain connecting peptide, as in bovine уң, would be 
relatively exposed and potentially vulnerable to tryptic cleavage 
(in the case of protein S). The so-called ‘tryptic core structure” 
would thus correspond to the first domain of protein S. 
Calcium ions are thought to be specifically involved in binding 




































; conservative changes, side-chain conformations were modelled closely on the crystallographic coordinates; remaining side chains were modelled ” 
to optimize favourable interactions and to avoid disallowed non-bonded contacts. The models have been subjected to energy minimization. 


protein S to spores. The existence of layers of protein S which 
are 300A thick? indicates that there may be intermolecular 
interactions between protein S molecules (maximum dimension  ' 
~80 A) as well as with specific receptors on the spore. Because | 
identical crystals of protein S may be obtained with or without: 
calcium??! and as calcium binding has no significant effects on 
the circular dichroism of protein S^, protein S may be crosslinked 
to its receptors on the spore and possibly to other protein S 
molecules directly through surface Ca?* sites which do not affect 
the conformation of the molecule. x 
As there is no direct evidence implicating any particular 
residues in calcium binding, we began by searching the model 
surfaces of the protein S gene 1 and 2 products for conserved: 
arrangements of oxygen ligands, for example carboxylates of 
aspartate or glutamate, amides of asparagine or glutamine, О 
of serine or threonine, and peptide carbonyl oxygens.’ Suc! 
calcium-binding ligands have been identified in.a wide rang 
of proteins. The most obvious candidate is a surface group of 
four acidic residues found close to the folded -hairpin structure: 
and including residues Glu 10, Glu 70, Glu 71 and Asp 11 (see 
Fig. 4); this would give only one binding site for calcium per. _ 
protein S molecule and would be consistent with the ability of | 
only ~45% of the ‘tryptic core structures’ to self-assemble on 
the protein S-deficient spores, as only one of the two domains. > 
would bind calcium. An alternative binding site occurs in each = 
of the sequences 51 to S4 and therefore occurs twice in each 
domain. This binding site is composed of the conserved topolog E 
cal equivalent residues Glu 10, Glu 99, Asp. 56 and deeds 
























Fig. 3 The suggested arrangement of the strands in the first two 
repeated sequences (S1 and 52) of protein 5 (a) compared with 
that found in y-crystallin IT (b). 















; A stereo view of a possible 
cium-binding site involving Glu 
:10, Asp 11, Glu 70 and Glu 71. 





"ing part of the sequence Glu35 to Lys 43 which has been 
«identified by Inouye et al^? as homologous to the calcium- 
binding sequence of calmodulin. However, if our model is 
=- correct, the binding cannot involve Ser 41, as this residue is 
| buried. There is no residue in protein S corresponding to the 
final glutamate which is conserved in the loop region of all 
members of the calmodulin family. These sites are the most 
г obvious candidates for surface Ca?* binding. 
'.. Finally, we must consider the implications of the observed 
structural similarity between protein S and By-crystallins for 
the function and evolution of vertebrate lens proteins. The 
/ putative calciuni-binding sites described above are not generally 
¿conserved in bovine уц or in other By-crystallins!^*'?. However, 
calcium ions do seem to have an effect on the aggregation of 
crystallin i in certain systems? . Lens proteins have a short-range 
order which leads to slowly changing protein. concentrations 
and a smooth change of refractive index through the transparent 
Jens; conceivably, this could be influenced by calcium, suggest- 
ing а specific role for ions in certain forms of cataract. 
^. y-Crystallins and protein S are highly stable molecules’; this 
«may be due to the closely hydrogen-bonded structure. of the 
tepeated Greek key motifs, which lack the loose external loops 
found in many proteins, and to their symmetrical, tightly packed 
arrangements. Thermodynamic stability may be a general con- 
sequence of protein structures developed to survive for long 
:periods in relatively dehydrated environments without turnover; 
this would apply to both spore proteins and lens crystallins. 
2. гу-СгузаШіпѕ have high proportion of cysteine and aromatic 
‘residues which are not found in protein S. None of the six 
cysteines found in yly2 is retained in protein S. The two 
tryptophans in -y-crystallin are replaced by aliphatic residues 
and the loss of 10 phenylalanines arid tyrosines is compensated 
"for by only three at other positions. It has been argued'^'! that 
the cysteines and associated aromatic amino acids are important 
in protecting the lens proteins from the effects of ultraviolet 
radiation and other abuses which lead to free radical formation. 
These aspects. of the By-crystallin structure may have evolved 
to meet the special requirements of the lens. 
EL tramolecular homology of protein S indicates that a 
4 attern f jene duplication similar to that proposed for 8y- 





























(елан а common ancestor could have been 
trical dimer of two 40-residue units. In the crystallin 
ent, the genes for these о еше меге fused in the 





М k Christine Slingsby, Huub Driessen, Raghu Sarma 
and Masayori Inouye for helpful discussion. We acknowledge 
‘the use of the SERC computer graphics workstation. We thank 
Linda Miller and John Bouquiere for help with illustrations and 
Dawn Sickles ahd Glenda Dryer for typing the manuscript. 
С.М. is a Fogarty Fellow at NIH. 


Received 22 January; accepted 24 April 1985. 


т ‘Kaiser, Ex, Manoil, C. & Dworken, M. A. Rev. Microbiol. 33, 595-639 (1979). 

: { м. Inouye, S. & Zusman, D. R. Devl Biol. 68, 579-591 (1979). 

M. Inouye, 5. & Zusman, D. R. Proc. natn. Acad. Sci. U.S.A. 76, 209-213 (1979). 

‘ranceschini, T. & Inouye, M. Proc. natn, Acad. Sci. U.S.A. 80, 6829-6833 (1983). 
Duy Harada, W., Zusman, D. & Inouye, M. J. Bact. 148, 678-683 (1981). 

6. Kreisinger, В. Ho & Nockolds, C. E. J: biol, Chem. 248, 3313-3326 (1973). 

E 'Szebenyi,- D.M: Е; Obendorf, 5. К. & Moffat, К. Nature 294, 327-332 (1981). 

OED Kretsinger, ROH: CRC crit, Rev. Biochem. 8, 119-174 (1980). 

`9, Blundell, Т. 1. eral. Nature 289, 771-7777 (1981). 


















10. Wistow, G. et al J; molec. Biol 

iL Summers, L. ét al. Peptide amd: Protein. 
(Dekker, New York, 1984}. ix 

12. Bhat, S. P. & Spector, А: ОМА 3, 287-296 (1984). : 

13. Moormann, R. J. М., Den Duanen, J. T, Bloemendal, H. & Schoenma rs, 
natn. Acad. Sci. USA. 79, 6876-6880. ( 1982). zx E 

14. Tomarev, S. F., Krayev, А. S, Skryabin, KG- Саше, а в. & Bayev, А, 
Nauk SSSR 263, 1489-1492 (1982). B 

15. Тотагеу, S. F., Krayev, A. S, Skryabin, К. бу D yev, А. à G 
315-318 (1982). 

16. Lok, S. et al. Nucleic Acids Res: 12, 4517-4529: (1984). : 

17. Driessen, Н. P. C., Herbrink; P., Bloemendal, H. .& de Jong, W. w. 
{1981). 

18. Inana, G., Piatigorsky, J., Norman, B. Slingsby, C. & Blundell, d ;L. 
(1983). 

19. Schoenmakers, J. С.С. et al Ciba’ Fan Symp. 106, 208. ns пом). 

20. Lesk, A. & Chothia, C. J. molec. Biol.160,. 325. 42 (19 2 

21. Inouye, S., Inouye, M., McKeever, Bo& Sai 

22. Inouye, S., Ike, Y. & inouye, М. J. biol. Chem. 258, 38. 

23. Giblin, F.J., Hightower, К. R; Rágatzki, PA: & Readdy, à 

24. Harding, J. J. & Dilley, К. J. Expl Eye Res. 22, 1-73 (1976). 

25. Jones, T. A. J. appl. Crystallogr, 11, 268-272 uL 

. Wistow, С. et al FEBS Lett. 133, 9-16 deem 


























views vir 3 (ed, Hearn, м. 
































The nucleotide sequences of copia 
copia-related RNA 
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We have shown previously that Drosophila cells contain virus-like 
particles (VLPs) containing 5-kilobase (kb) RNA that hybridizes 
to a transposable element, termed copia. We have suggested that 
VLPs and copia ate derivatives of viral particles and proviral: 
forms, respectively, of ‘copia’ retrovirus, a putative Drosophila . 
retrovirus'. To further clarify the relationship between copia and 
copia-related RNA in VLPs (VLP H-RNA), we determined and 
compared their nucleotide sequences. VLP H-RNA was found to 
be an unspliced, genome-sized transcript of copia, and, like re 
viral genome RNA, VLP H-RNA is terminally redundant with 
termini localized in the long terminal repeats (LTRs) of copia 
VLP H-RNA contains two long open reading frames (ORFs), one 
of which includes the coding sequence for a predominant. VLP 
protein of relative molecular mass (M,) 31,000 (31K). Here we 
show that, in contrast to 17.6. ORE2 (ref. 2), ORFs of copia ha | 
no extensive amino-acid sequence homology to the RT region” of 
the reverse transcriptase of retrovirus in vertebrates. Because of 
a one-base insertion/deletion, the two ORFs in VLP H-RNA are 
fused and become a single, longer ORF in a genomic copia 

Using cDm2055 ОМА? asa probe, we isolated 20 recomb: 
phage containing. copia from a cloned library of Drosop 
melanogaster DNA* and made restriction maps (data 
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Fig. | (Opposite) Nucleotide sequences of copia and cDNA of copia-related 
RNA in VLP(VLP H-RNA). The complete nucleotide sequence of copia in Acop88 
ig shown as the putative sense strand in L1, whereas L3 and L3’, respectively, 
: show the composite cDNA nucleotide sequence of VLP H-RNA and the DNA 
sequence complementary to the 5’ terminal sequence of VLP.H-RNA determined 
the dideoxy-chain termination method using УЕР Н-КМА as а template. The 
nges of long ORFs found in both copia and VLP H-RNA are shown by L-shaped 
_ "arrows labelled ORF, with amino-acid sequences shown below the corresponding 
< nucleotide sequences (L2:and L4). Dashes, nucleotide ог amino-acid sequences 
-identical to those of copia in E1 and L2. 05 in L3 indicate one-nucleotide deletions 
ола VEP H-RNA, whereas + denotes the termination codon of each ОКЕ: Under- 
ү lines, nucleotide sequences corresponding to the duplicated target DNA; a and 
i, 5 start sites of cellular 2- and 5-kb КМА; b, expected polyadenylation signal; 
c, e, h, nucleotide sequence complementary. to the 26-nucleotide long synthetic 
godeoxynucleotide for primer extension experiments; d, the amino-acid 
quence best conserved among various polymerases!^!*. f. polypurine sequence 
responding to the counterparts of other Drosophila transposons and vertebrate 
roviruses (g)* г Overlines labelled w and y, respectively, show the 5’ terminal 
LP H-RNA in the 5' LTR and its equivalent inthe 3’ LTR. Two vertical 
ows indicate 5' ends of two major VLP. H-RNAs. Thin lines associated with 
arrows show the degree of inaccuracy (+1 nucleotide) for the determination 
ends; Overlines z and x exhibit the poly(A) attachment site of VLP H-RNA 
the 3’ LTR and its equivalent in the 5' LTR, respectively. The ranges of 5' LTR, 
LTR. and expected coding region of the predominant. M, 31,000 VLP protein 
; ге shown by L-shaped arrows. The end of the ЗІК region was tentatively 
ied based on the relative molecular mass and amino-acid composition of 
rotein. The base substitutions and deletion found in the nucleotide 
of соріа теріопѕ 1-1,143 and 2,302-2,931 (described in refs 6,7) are 
mall letters and o, respectively, above the copia sequence (L1). 
The nucleotide sequence of copia was determined by.digesting DNA 
ed from. Acop88 by various restriction enzymes and recloning the resultant 
segments containing copia pieces using plasmid pUC9 (ref. 13) as a cloning 
t. Sizes and locations of the cloned DNA segments are shown by thick lines 
arrows and numbers in scheme A. After Escherichia coli cells (JM83 (ref. 13) 
arbouring a:desired plasmid) were cultured. іп 5-10 ml L-broth for 12-15h at 
°C with shaking, plasmid DNA was prepared by the alkali method'*. Contami- 
nated RNA was removed by a treatment of 10g тї”! of RNase for 30 min at 
37°C and final concentration of 7.5% polyethylene glycol іп 0.94 M NaCl for 1h 
| at. °С. Nucleotide sequence was determined by the chain termination method 
odified by M. Hattori (unpublished) using the DNA. cloned. in pUC9. Two 
ifferent kinds of synthetic oligonucleotides [M13 single-stranded primer 
(S'GTAAAACGACGGCCAGT3!) and МІЗ reverse sequence primer (5' CAG- 
VUGAAACAGCTATGAC3') (P-L Biochemicals)] were used as primers for 
` sequencing. The overall strategy for sequencing is depicted by thin underlines in 
the lower: margin illustration (A). Scale bar; 1,000 bp; the two boxes show the 
LTRs. Restriction enzyme cutting sites used areas follows: a, Accl; b, BamHI; 
е, Clal; е, EcoRI; h, Hindi; 1, Ball; p, Hpal; s, Pstl; 1, Aatl; v, Poull; x, 
oXbal, The nucleotide sequence of VLP H-RNA was determined as follows. As 
ph déscribed previously! , VLP was: purified from a 51 culture of GM, cells and total 
| VLP RNA extracted. After the VLP H-RNA was purified by gel electrophoresis, 
DNA was constructed and cloned into pBR322 using the procedures described 
“by Maniatis ег al^. Restriction mapping and blot hybridization allowed overlap- 
"ping of the cDNA inserts obtained and à composite restriction map of the cDNA 
of VLP H-RNA to. be made. The restriction map obtained was found to be very 
similar to that of copia. Thus, in scheme B, their relative positions are depicted 
| using. the restriction: map of the copia in Асор88 аз а reference. Plasmid DNA 
с Was purified essentially as described elsewhere’. The complete or partial nucleotide 
sequences of A-25, G-19, G-29, G-34, G-46, J-15, J- 16, J-19, H-15 and 3-5 were 
о determined by the procedures of Maxam and Gilbert". We found no discrepancy 
jn the’ nucleotide sequence in the overlapped region. The position of poly(A) 
> attachment site in G-29 was identical to that in 3-5, Thus, in L3, the composite 
sequence is. shown as the nucleotide sequence.of the cDNA of VLP H-RNA. We 
= consider the sequence shown іп L3 to be identical to that of VLP H-RNA, apart 
E from the DNA-RNA difference, because (1) at its 3' end, it contains a long poly(A) 
| tract, а typical terminal structure of eukaryotic mRNA and retroviral genome 
a RNA; and (2). а separate experiment (not shown) indicated that only the DNA 
; strand of copia, complementary to the one whose sequence is shown in LI, is 
‘hybridizable to. VLP H-RNA. The nucleotide sequence near the 5' terminus of 
CNEP-H-RNA. was determined by the chain termination method". After 3 ug VLP 
‘RNA. and 65.ng of V p-labelled oligodeoxynucleotide (see Fig. 4a) in 40 410.1 M 
NaCl, 1 mM EDTA and 10 mM Tris-HCl (pH 8.3) was preincubated at 85 °С for 
S5 min, then at 60 °C for 10 min. 10 uI 500 mM Tris-HCI (pH 8.3) containing 50 mM 
© dithiothreitol and 80 mM MgCl, 1 ul RNasin, 1 pl reverse transcriptase and 8 pl 
::25 4 M dCTP were added, To each of four 14-1 aliquots, 8 ul of the dNTP-ddNTP 
mixture of M13 sequencing kits (Takara. Shuzo Ltd, Japan) was added. The 
~~ resultant mixture was then incubated at 40 °С for 20 min. After four dNTPs (1 mM 
| each) i їп: 4ш was added, the incubation was continued for further 20 min. The 
‘oducts were precipitated by adding 2.5 ші 3 M sodium acetate (pH 5.2) 
1 ethyl alcohol, and subjected to gel electrophoresis for sequencing. 



































































: 2 kb copia RNA- Poyi 


labelled I show the positions of the: 5! ends. of the two. majo 
H-RNA. The locations of the putative polyadenylation sig 
copia, AAATAATAAATC, are shown. by the arrows labelled 
Note that one of the polyadenylation signals is near the regio 
corresponding to the 3’ end of 2-kb copia RNA. The structure: 
genomic copia is based on the sequence of VLP H-RNA, although 
a copia in A cop88 contains a single ORF covering the entire regions 
of both ORFs 1 and 2 (see Fig. 1). A polypurine tract similar to 
those of other Drosophila transposons and vertebrate retroviruses’? _ 
can be seen in the 3'-untranslated region. The expected coding x 
sequence of the. predominant 31K. VLP protein is shown by a 
shaded box and appears to be included in both 2- and 5-kb. copia 
RNA (VLP H-RNA). The location of the most conservative amino- 
acid sequence among RNA dependent polymerases, Y(M, L, V: 
G)DD(hydrophobic amino acid),, is shown by the arrow at YXD 
Association of 31K YEP protein and VLP H-RNA is considered 
to result in the production of VLP. ў 





shown). As the restriction map of the copia іп Acop88 was ve 
similar to that of most of the copias that we cloned, the cor 
nucleotide sequence. of the copia in Acop88 was determ d 
representative of copia sequences (Fig.1, L1). The cop 
Acop88 is 5,143 base pairs (bp) in length ‘and terminates. 
276-bp LTRs whose nucleotide sequences are: identical or vei 
similar to the published LTR sequences of other copias?.. 
nucleotide sequences of the region flanked by LTRs hav 
reported elsewhere*". The sequences in these studies are 
tially identical to the counterparts described here (Fig 4 
lation of the nucleotide sequence showed that copia contains 
long ORF, ORFg (Fig. 1, L2), residing on a DNA strand 
sponding to the major cellular copia RNAs, ^ 

We purified VLP.H-RNA by gel electrophoresis: апа. 
complementary DNA clones. We found no clones that cor 
pletely covered the entire region of the VLP-H-RNA; the in 
mation from the 5' end of the RNA could not be recovered. 
because S, nuclease was used. Nevertheless, the overlappin 
several cDNA clones (Fig. 1) allowed us to determine 97% 
the total sequence of VLP H-RNA from its 3' end (Fig. 1, L3) 
The nucleotide sequerce of the major portion of the residua 
3% was determined by the chain termination method using VLP 
H-RNA as a template (Fig. 1, 137). These results show that the 
nucleotide sequence of VLP H- RNA corresponds to the cop 
sequence shown in Fig. 1 (L1) except for some minor base. 
changes and a terminal poly(A) tract. Because of a deletion of. 
an A residue located somewhere between residues 4,220 an 
4,224, the ORF of copia (ORFg) is split in two, slightly overla 
ping ORFs 1 and 2 in VLP H-RNA (Fig. 1). The 3 end of V. 
H-RNA that lacks poly(A) is located in the 3’ LTR of copia 
However, we found no AATAAA, a typical signal for polyade 
lation, in this LTR. The sequence AAATATAAATC is prese 
~20 nucleotides upstream from the. poly(A) attachment sit 
the 5-kb RNA and in the region expected for the 3’ term 
the 2-kb RNA (ref. 6; Figs 1, 2). This sequence, or part 
may function as a polyadenylation signal in copia. | 

To determine the location of the 5’ end of VLP H- RNA, we 
carried out a primer extension experiment using total VLP RNA 
and "P-labelled, 26 nucleotide long syntheticoligodeoxynucleo- — . 
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: Fig. 3 Detevitination of the. 5' end of VLP H-RNA by primer 

“extension, The expected locations of the 5' ends of two major VLP 
H-RNAs are shown by arrows labelled I, whereas the arrow label- 
i 'shows that of the 26-nucleotide-long primer used. a, pBR322 
D iA was digested with Hpall, labelled with "P by kinase treat- 
ment, denatured and used as a marker. Molecular sizes in the left 
‘margin are in bp. Using total VLP RNA (3 ug) and 26-nucleotide- 
long synthetic DNA (65 ng) (see Fig. 4a) asa template and primer, 
a primer extension experiment was carried out essentially accord- 

gto Treisman et al". After the reaction, samples were denatured, 
plied to 45- -om-long 8% polyacrylamide gel in the presence of 
M urea, and electrophoresed. Lane 1, pBR322 marker: lane 2, 
primer extension of VLP RNA with primer. b, Numbers 
show the nucleotide sequence pattern obtained by the 
odified. ideoxy-chain termination method when the DNA of 
asmid 15 (see scheme. a in Fig. 1) and the 26-nucleotide-long 
synthetic DNA identical to that used for primer extention of VLP 
NA (Fig.4a) were used as.a template and primer. Lanes 1, 2, 3 
and 4, respectively, show the locations of G, A, T and C residues. 
The sample i in lane 5 is an aliquot of the reaction products shown 
t ^. лп Лапе 2 in a. 


е (see Fig. 4a). Two intensive bands, 166 and 172 nucleotides 
length, along with —20 less intensive bands of similar size, 
observed (Fig. 3), suggesting that VLP H-RNA is 
geneous in the location of its 5’ end. By comparing the 
'ositions of these bands (Fig. 35, lane 5) with the dideoxy-chain 
termination pattern of the 5’ terminal region of copia (lanes 
), we determined the range of the 5' ends of VLP H-RNA 
overline w). According to Flavell et alf, 6 the 5' ends of 
ar opia RNA are similarly heterogeneous i in sequence and 
localized in an almost identical region in the 5' LTR of copia 
(see Fig. 1). Taking: together their findings and the results 
bed above, we conclude that VLP H-RNA is an unspliced 
e-sized transcript of copia (see Fig. 2). As with vertebrate 
VLP H-RNA has. terminal redundancy, 77-116 
otides in length, and the copia LTR can be divided into 
: regions, 106-142 bp (05), 77-116 bp (R) and 54-57 bp 
}) (Pig. 2). These findings provide additional evidence for 
E n that copia RNA may be reverse-transcribable'*. 
-RNA has weak messenger RNA activity and can be 
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oteins . To identify th coding aor for the коп. 


aed amino- -acid bon patios of the M, 31, ‚000 an 


o-terminal 





ATIAGGCATGGACTGGGCCCATAACC 3° 





Asp-Lys-Ala-Lys-(X)-Asn-Ile-Lys-Pro- 
pe s C LED Lp ui UE : 


b 31K VLP protein: 
copia ORF] protein, 
(Amino terminus) ° 


Fig.4 a, Nucleotide sequence of a 26-nucleotide-long synthetic 
oligonucleotide used as the primer. 1115 complementary to a portion - 
of copia sequence (see underline d in Fig. 1, L1) and-was synthe- 
sized using a Model 380A synthesizer (Applied Biosystems). Б, 
Comparison of the partial amino-acid sequence of the predominant 
31K protein of VLP and that of the amino-terminal region of the. . 


putative ORFg (or ORFI) protein of copia. X, an unidentified 
amino acid. 

Methods. VLP was purified from a 12-1 culture аз described pre- 
viously’ and the predominant 31K protein purified by large- scale 
SDS-polyacrylamide gel electrophoresis. The 31K VLP protein was 
treated with cyanogen bromide’? and the resultant polypeptides 
separated and purified by reverse-phase liquid chromatography 
(RP300 (4.6 x250 mm), Brown Lee). The partial amirio-acid 
sequence of the major polypeptide was determined by stepwise 
Edman degradation using а gas-phase automated sequencer 
(Model 470 A, Applied Biosystems). The recovery of other poly- 

peptides was low because of selftaggregation: 


portion of the putative copia ORFg (ORF1) polypeptide was. 
found to be almost identical to that observed for the 31K VLP. _ 
protein (data. not shown). Thus, we suggest that the coding. 
region for the 31K VLP protein is located in the 5' terminal 
region of the ORFg (ORF1) (Figs 1, 2b) and the. 31K VLP. 
protein is one of the cleavage products of the putative polypep- 
tide(s) expected to be produced from ORFg (or ORF1). 

To determine whether copia has the coding sequence for the 
reverse- -transcriptase- -like enzyme associated with VLP', we com- | 
pared the amino-acid sequences of ORFs land 2 with those of 
the reverse transcriptases of retroviruses’ and equivalent poly- 
peptides of Drosophila transposons such as 17.6 (ref. 2). 
However, no appreciable homology could be seen except for 
Tyr-(Met, Leu, Val or Gly)-Asp- Asp(hydrophobic amino: acid), 
the most conservative sequence among various polymerases!!!) 
near the carboxy-terminus of the ORFg (ORF1) polypeptide(s) 
(Figs 1, 2). This suggests that copia contains the coding region | 
for the reverse-transcriptase-like enzyme, which has a different 
amino-acid sequence from the counterparts of other copia-like. : 
elements’ and retroviruses’. Furthermore, this reduced 
homology partly results from the extensive rearrangement within © 
the putative pol region of copia (the region between nucleotides _ 
1,242 and 4,658 in Fig. 1; K.S. et al, unpublished), 

We thank Drs T. Miyake, T. Uchida, T. Miyata and. T. 
Yamazaki for critical comments. M. Hattori for informing us 
of his new protocol of nucleotide sequencing and К. Hattori, —' 
Y. Suzuki and M. Kobayashi for assistance. This work was 
partly supported by grants from the Ministry of Education, did 
Science and Culture, Japan to K.S. E 
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.. The Ca?*- and phospholipid-dependent protein kinase (protein 
г kinase C) is present in many mammalian tissues’, and its important 
_ physiological protein substrates are only now beginning to be 
identified. A useful advance in identifying these intracellular sub- 
-strates has been the recognition that the kinase is the receptor for 
_ phorbol esters, which stimulate phosphotransferase activity? ^. 
< Phorbol ester-induced changes in protein phosphorylation in intact 
< cells may thus be taken, іп part, as a probable indication of protein 
kinase C activation. The many cellular effects of phorbol esters 
.. include the stimulation of glucose uptake*~*, although the response 
of glucose uptake to phorbol esters appears to be complex, 
, apparently varying in response time and requirement for protein 
. Synthesis*"", Such observations prompted us to explore one possible 
xplanation for the alteration of glucose uptake, namely, phos- 
phorylation of the glucose transporter by protein kinase C. We 
_ report here that incubation of purified human erythrocyte glucose 
. transporter with rat brain protein kinase C results in the phos- 
. phorylation of a protein of relative molecular mass (M,) 50,000- 
60,000 which has subsequently been identified as the glucose 
"transporter by specific immunoprecipitation with a monoclonal 
antibody. Immunoprecipitation of membrane proteins from ??P- 
labelled human erythrocytes revealed a phorbol ester-stimulated 
_ phosphorylation of the transporter. This covalent modification of 
_ the glucose transporter may thus, in part, underlie the ability of 
. phorbol esters and certain hormones to stimulate glucose uptake. 
 Incubation of a preparation of purified human erythrocyte 
glucose transporter with protein kinase C resulted in the phos- 
_ phorylation of a protein that migrated on SDS-gel electro- 
. phoresis as a broad band of apparent M, 50,000-60,000 (50- 
1 60K), together with higher- M, species, some of which did not 
enter the SDS gel (Fig. 1a). The phosphorylation was absolutely 
dependent on the addition of Ca?*; because the transporter 
¿preparation contained erythrocyte membrane phospholipids, 
_added phosphatidylserine caused only a slight increase in phos- 
| phorylation. It has been shown previously that the transporter 
_ is a glycoprotein that migrates as a broad band of apparent 
..M, 50-60K on SDS gels, due to heterogeneity in its oligosac- 
charides""" In addition, on incubation with detergents, the 
г protein has a tendency to form dimers and higher-M, aggregates 
_ which is not prevented by reducing agents!^!!. No phosphoryla- 
боп of these bands was observed on incubation with casein 
| Kinase I, casein kinase IL or the catalytic subunit of the cyclic 
AMP-dependent protein kinase (not shown). Because the pre- 
грагайоп of glucose transporter used in these experiments was 
only 70-80% pure", the identity of the ??P-labelled protein as 
the transporter was established unequivocally by specific 
| immunoprecipitation with a monoclonal antibody directed 
against the erythrocyte transporter (antibody СЗ)!” (Fig. 1b). 
. The bands at M, —100,000 and at the top of the gel seen in 
Fig. 15 (and in Fig. 3b) are due to the dimer and the higher- M, 
aggregates of the transporter ^! 
|. Nearly 0.5 mol of "P-phosphate per mol cytochalasin B bind- 
was incorporated into the transporter on prolonged incuba- 
with protein kinase C (Fig.2a). Although the purified 
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Fig. 1 In vitro phosphorylation of glucose transporter by prote 
kinase C (a) and ?P-protein identification by immunopreci 
(b). In a, human erythrocyte glucose transporter (55 ре ml 
1-4) or buffer (lanes 5-3) was incubated for 30 min with [ y- ?P]A? 
(100 uM), MgCl; (10 mM) and protein kinase C (4,000 p © 
units ml!) in the presence of EGTA (I mM; lanes 1,5), EGTA 
plus phosphatidylserine (PS): (40 рр ml^'; lanes. 2, 6), 

(1 mM; lanes 3, 7), and CaCl, plus PS (lanes 4, 8). No phosph: 
tion of any protein was observed in the absence of added kinase. 
In b, aliquots of the incubations of the transporter with added 
kinase were immunoprecipitated with monoclonal antibody to the 
transporter (lanes 1, 2) or with control monoclonal antibody (lanes 


3, 4), and the immunoprecipitates separated by SDS:gel ele 
phoresis before autoradiography. Lanes 1, 3, kinase reactio 
CaCl, and PS; lanes 2, 4, kinase reaction with CaCl, alone. 
markers are indicated on the left of a and b чеш 
Methods. The glucose transporter from human erythrocytes м. 
purified by the method of Baldwin et al.!'. Protein kinase C w. 
partially purified from rat brain through the gel filtration step by 
the method of Kikkawa et al.'; the kinase used in these experiments 
had a specific activity of 200 nmol per min per-mg protein against. 
histone 11-5. Kinase assays were performed by the method of 
Parker et al^. Immuncprecipitatioh was carried out by solub 
ation of the transporter (tug) in 1.5% octyl glucoside, followe 
by incubation of the samples on ice with 1.5% octyl glucosid 
tein A-Sepharose to which 10 wg of the specific or control me 
clonal IgG was complexed. The immune complexes were was 
and then solubilized with 1.0% SDS in the absence of reducin 
agents and without heating. 505 gels were run according t 
Laemmli?*, Ide 








transporter is contained in largely unsealed membranes of eryth: 
rocyte lipids!^"?^, it is possible that not all of the poten 
phosphorylation sites are exposed to the kinase or that tk 
preparation already . contains phosphorylated: amino "aci 
Limited acid hydrolysis of **P-labelled transporter and sub 
sequent thin-layer electrophoresis revealed only "P-phosph 
serine (not shown). HPLC separation of ?P-phosphopeptide: 
generated by prolonged tryptic digestion, yielded only one P. 
peptide (Fig. 2b) which also contained only "P-phosphoserin 
These data support the conclusion that the phosphorylation i 
confined to a single protein in the transporter preparation an 
probably to a limited number of phosphorylation sites. 
To determine whether protein kinase C phosphorylates th 
glucose transporter in vivo, human erythrocytes were labelle 
with ??Р, and exposed for 20 min to phorbol 12-myristate 
acetate (PMA), 4a-pkorbol didecanoate (inactive phorbol 
4aPDD) or dimethyl sulphoxide (DMSO), the solvent used 
We found that PMA, but not 4a PDD, stimulated the phosphory 
lation of two easily identifiable proteins in **P-labelled mem 
branes (Fig.3a). These seem to correspond to ba 
4.1 (M. 80K), as reported previously in rabbit erythrocytes 
and a minor **P-phosphoprotein of M, 125К. ?P-labelled 
brane protein was solubilized and immunoptecipitated : 
monoclonal antibody. Specific immunoprecipitation o 
labelled transporter indicated that the transporter was phos 
phorylated in intact cells in the basal state and that the ph 
phorylation increased substantially in response to PM 
(Fig.3Bb) o o тылын e su 
These data suggest that phorbol ester-stimulated glucose - 
uptake may be, in pari, a consequence of protein kinase C- > 
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Fig. 2. Time course and stoichiometry of glucose transporter phos- 
‘phorylation (a) and HPLC separation of tryptic **P-phosphopep- 
< tides (Б). In a, the glucose transporter preparation was phosphory- 
ated with protein kinase C in the presence (8) and absence (О) 
of added CaCl, and i in the absence of added kinase ( X), as in 
Fig. 1, and ?P- incorporation quantitated by trichloroacetic acid 
TCA) precipitation in the presence of carrier bovine serum 
Tbumin, Contro! values for kinase autophosphorylation have been 
sent from total ??Р incorporation, Results are expressed as 
rol ?P incorporated per mol cytochalasin B binding (taken as 1 
inding. site per mol functional transporter). Cytochalasin B is a 
high-affinity ligand for the transporter. Its binding provides a 
пеаѕиге of the amount of functional transporter in a preparation, 
ich is typically ~60% of the protein weight''. In b, phosphory- 
ed transporter was precipitated with TCA, washed and digested 
with 2096. trypsin (w/w) at 37°C for 18h. The solubilized ??Р- 
peptides. were separated by HPLC with C,, reverse-phase 
hrómatography using an ascending gradient of acetonitrile in 
-H,0/0.1% trifluoroacetic acid. When the same procedure was 
ui applied to a control. reaction mixture containing only protein kinase 
C, no significant peak of ?P-peptide was found. 


mediated phosphorylation of the glucose transporter. We are 
пож investigating whether the phosphorylation of the eryth- 








620. ; this is often accompanied 
ncrease in phosp! hi ТА turnover, with the gener- 
f diacylglycerol, an activator of the kinase”! - Epidermal 
actor has also been shown to increase glucose uptake", 

phorbol esters mimic the insulin-stimulated phosphoryl- 
ation of the insulin receptor f-subunit on serine residues in 
1M9 lymphocytes, suggesting | that the kinase may be activated 








by insulin” 
of several hormones and phorbol esters on glucose tra 
may in part be linked through a common mechanism, pho 
phorylation of the glucose transporter by protein kinase ! 
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Fig. 3 Phorbol ester-stimulated protein phosphorylation. of 
human erythrocyte membrane proteins (a) and glucose transporter, 
as determined by immunoprecipitation (5). In a, human erythro- 
cytes were labelled with “P, and membranes: prepared by the 
method of Patel and Fairbanks?" Labelled cells were exposed for 
20 min to phorbol 4a-didecanoate (1 4 M, lane 1), DMSO (0.1%; 
lane 2) and phorbol 12-myristate 13-acetate (lane 3), before cell 
lysis. Membrane protein (20 ug) from each sample was separated’... 
on SDS gels before autoradiography. In b, membrane protein from 
the same samples was solubilized with 2% octyl glucoside, cen- 
trifuged to remove insoluble cytoskeletal aggregates and the soluble’. 
?p.broteins were immunoprecipitated with anti-transporter mono- 
clonal antibody (lanes 1-3) or control monoclonal antibody (lanes 
4-6). Lanes 1, 4, 4aPDD; lanes 2, 5, DMSO; lanes 3, 6, РМА, 
Preliminary experiments had established the presence of protein 
kinase C in human erythrocytes; although not detectable asa Ca?*-. 
and PS-stimulated kinase in red blood cell lysates, it was readily 
recognized following DEAE-cellulose separation of lysate proteins 
(not shown). 





. The present study suggests that the diverse effects 
Spo! 


















E 


We thank Jeffrey Allard for the monoclonal antibodies 


hambers. This work was supported in part by NU 
M19270 and AM25336. 


Parker, Р. J., Stabel, 5. & Waterfield, M. D. EMBO J. 3, 953-959 (1984). 

Driedger, P. E. & Blumberg, P. M. Cancer Res. 37, 3257-3265 (1977). 

Lee, L.-S. & Weinstein, L B. J. cell. Physiol, 99, 451-460 (1979). 

O'Brien, T. G. J. cell. Physiol. 110, 63-71 (1982). 

Klip, A., Rothstein, A. & Mack, E. Biochem. biophys. Res. Commun: 124, 14-22 (1984). ‘ 

Gorga, F. R., Baldwin, S. A. & Lienhard, G. E. Biochem. biophys. Res. Commun. 91,955-961 NT 
(1979). E 





Ling, E. & Sapirstein, V. Biochem. biophys. Res. Commun. 120, 291- 198 (1984). ` 
Lienhard, G. E. Trends biochem. Sci. 8, 125-127 (1983). 

Cochet, C. et al. J. biol. Chem. 259, 2553-2558 (1984). 

Iwashita, S. & Fox, С. F. J. biol. Chem. 259, 2559-2567 (1984). 

Sawyer, S. T. & Cohen, S. T. Biochemistry 20, 6280-6286 (1981). 

Friedman, В. et al. Proc. natn. Acad, Sci. U.S.A. 81, 3034-3038 (1984). 
Habenicht, A. J. R. et al. J. biol Chem. 256, 12329-12335 (1981). 

Kishimoto, А. er al J. biol Chem. 285, 2273-2276 (1980). 





22. Barnes, D. & Colowick, S. P. J. cell. Physiol. 89, 633-640 (1976). 
23, 
24, 
25. 


Jacobs, S. et al. Proc. natn. Acad. Sci U.S.A, 80, 6211-6213 (1983). 
Laemmli, U. К. Nature 227, 680-685 (1970). 
Patel, V, P. & Fairbanks, G. J. Cell Biol, 88, 430-444 (1981: 





NATURE VOL 315 27 JUNE 1985 


779 





BOOK REVIEWS 





Unfashionable continua 





Michael Berry 








An Idiot’s Fugitive Essays on Science: Methods, Criticism, Training, Circumstances. 


By C. Truesdell. 


Springer-Verlag 1985. Pp.654. DM 158, $45 20. 








To pescripe Clifford Truesdell as а 
theoretician specializing in the mechanics 
of continuous distributions of matter 
would, although strictly correct, be mis- 
leading. It would fail to convey what this 
collection of reviews, prefaces and lec- 
tures abundantly does convey, the broad 
scale of Truesdell's researches in mecha- 
nics and its history and his concern for and 
lack of sympathy with the way science 1s 
practised today, all so intensely felt and 
expressed with such mastery of language 
that my attention was gripped and held. 

It is important to study continuum 
mechanics because 


Matter is commonly found in bodies consisting 
of materials. Analytical mechanics turned its 
back on this fact, creating the centrally useful 
but abstract concepts of the mass-point and the 
rigid body... “modern” physics likewise turns 
its back, since it concerns solely the small parti- 
cles of matter, declining to face the problem of 
how a specimen made up of such particles will 
behave in the typical circumstances in which we 
meet it. Materials, nonetheless, continue to 
furnish the masses of matter we see and use 
from day to day: air, water, earth, flesh, wood, 
stone, steel, concrete, glass, rubber, All are 
deformable. A theory aiming to describe their 
mechanical behavior must take heed of their 
deformability and represent the general princi- 
ples it obeys. 


That theory is continuum mechanics. In 
renovating its foundations during recent 
decades, Truesdell and his colleagues 
have reversed the customary approach: 


From the time of NEWTON until recently, 
many natural scientists considered the mass- 
point the fundamental quantity of nature, or at 
least of mechanics. They believed that matter 
was composed of many small particles obeying 
the laws of classical mechanics, and that, conse- 
quently, the behavior of gross matter could be 
predicted, in principle, to any desired accuracy, 
from a knowledge of the intermolecular forces 

Thus continuum mechanics appears as an 
approximate or at best secondary theory within 
classical mechanics. While this tradition clings 
on in physics teaching today, it defies reality... . 
The smallest units of matter are no longer be- 
lieved to obey Newtonian mechanics... . In fact 
it 15 almost the rule that Newtonian mechanics, 
while not appropriate to the corpuscles making 
up a body, agrees with experience when applied 
to the body as a whole... . Only paedagogical 
custom has hindered the realization that as a 
physical theory, continuum mechanics is better 
than mass-point mechanics. 


This has been an unfashionable view: 


... "physics", by definition, 15 become exclu- 
sively the study of the structure of matter, while 
anyone who considers physical phenomena on 
a supermolecular scale 1s kicked aside as not 
being a “real” physicist. Often “real” physicists 














let it be known that all gross phenomena easily 
could be described and predicted perfectly well 
by structural theories; that, aside from the lack 
of “fundamental” (i.e structural) mterest in all 
things concerning ordinary materials such as 
water, air, and wood, the blocks to a truly 
“physical” (i e. structural) treatment are “only 
mathematical". 

Itiscurious that these same persons are often 
sympathetic to non-structural theories on the 
borders of physics. They do not suggest that a 
mathematical physiologist investigating models 
for behavior would do better to try to integrate 
the equations of motion for the elementary 
particles making up a rat 


That was written 1n 1962. Although the 
point is still worth making, its thrust is 
blunted by the increasing readiness of 
physicists to apply theories where they are 
appropriate, with less fundamentalist 
prejudice against the macroscopic. One of 
several reasons for this is the renewed 
appreciation and extensive development 
of Poincaré's discovery of great complex- 
ity (including chaotic behaviour) in the 
solutions of the equations of mechanics, 
even when, as with mass-points, the equa- 
tions themselves are simple. I would have 
liked to learn Truesdell's opinion of this 
new branch of mechanics, but was dis- 
appointed to find no mention of it. 
Penetrating reviews of books about the 
Bernoullis, Euler and Newton illustrate ! 
Truesdell’s insistence that criticisms 
should be based on detailed study of ori- : 
ginal sources rather than the writings of 
commentators. It is a pity that he fails to 
live up to these standards when attacking 
"applied catastrophe theory" as a misuse | 





of mathematical modelling; apart from a 
brief quotation (without reference) from 
Zeeman, his remarks are all based on arti- 
cles by other critics of the theory. and he 
fails to mention those cases (even in con- 
tinuum mechanics) where the mathema- 
tics has found valid application. 

More generally, Truesdell laments the 
Cecline of scholarship: 


The world of "learning" has become a federa- 
Соп of hives of frightened bees, who so as to 
maintain their little waxen prisms sting all 
strangers, be they lions or mice or only bees 
rom the next-door office, 


He detests the way science has become a 
large-scale organized enterprise, that is: 


. science for, by, and of the demos, in a word, 
plebiscience. Plebiscience demands what POST 
has called "inevitable research: . research 
which is bound to yield some results”...Plebi- 
science 1s big science. Small science was done 
by a few great men. Big science calls for many 
little men. 


Worse might be to come: 


Plebiscience is an intermediate stage. The next 
and last is prolescience In и not only is all 
research inevitable research, but also only out- 
comes previously known and accepted are 
allowed The function of prolescience will be to 
confirm and comfort the proletariat in all that it 
will by then have been ordered to believe. Of 
course that will be mainly social science. 


But after pages of splendid raging, with 
sour prejudice alternating with flashing 
insight, he is not without hope: 


Even now, I think, there are men who live for 
science, men who strive to bake not witches' 
mess but giants’ bread What they deliver may 
be as tedious to the plebs as a lute, but let us not 
forget that while a cure for cancer may rarse the 
mean age of the population to ninety, a good 
lute may last to make beautiful music under the 
hands of men and women yet unborn. 


Amen. [1 


Michael Berry is a Professor in the Н.Н. Wills 
Physics Laboratory, University of Bristol. 












б s us Aa 
Celebration of mass on the back of a whale, from an engraving dated 1621 The picture is 
reproduced from a reprint of the original, 1925 edition of Whale Ships and Whaling. A 
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Fifty years of the 
special senses 


F. W. Campbell 





Foundations of Sensory Science. 

Edited by W. W. Dawson and J. M 
Enoch. 

Springer-Verlag 1984. Pp.577. DM 288, 
$82.30. 


Tus 15 a collection of essays written by 
scientists who have accumulated age and 
wisdom and achieved success in their res- 
pective fields of neurosensory research 
The editors have encouraged them to 
clothe their accounts with personal details 
of how, and why, they chose a particular 
research direction. The result is a unique 
and fascinating volume, which it is unwise 
to start reading too late at night. 

Today custom dictates that scientists 
report their findings in a cold impersonal 
style. Worse, most of us know that we 
often put our last experiment at the begin- 
ning of our papers, and the false-starts at 
the end, thereby giving a spurious impres- 
sion of undue intelligence and rationality. 
As Edwin Land (of the Polaroid Corpora- 
tion) once said, “An original idea only 
takes a few seconds cessation of stupid- 
ity". Many such seconds are brought to 
life in the book, in a relaxed manner which 
is much more illuminating than the formal 
prose of the scientific paper. 

The 15 contributors are of international 
repute and they cover the entire range of 
special sense neurophysiology, including 
the relevant psychophysics.* Each des- 
cribes their chosen problem as ıt was when 
they started as a young worker, and then 
unravels each twist of serendipity that put 
them back onto the successful track. The 
excitement and pleasure of the hunt are 
captured vividly, as are the dull and dis- 
piriting periods which most researchers 
know all too well 

The young, computer-orientated scien- 
tist of today may be surprised to learn that 
so many of the experiments described 





* "Comparative Physiology of Invertebrates. 
Heanng and Vision", Н. Autrum, “The 
Development of Auditory Neurophysiology", 
H. Davis; “Microstructure of the Inner Ear", 
H. Engstrom; “Biophysics of the Mammalian 
Ear”, J J Zwislocki, “Neurophysiology of the 
Retina", T. Tomita; “Recollections of Early 
Laboratory Experiments on Vision", L R 
Riggs; "The Perception of Light and Colour", 
W D. Wright; “Binocular Vision" and "Optics 
and Vision", G A Fry; “A Personal Vision", 
R. Granit; "Taste Electrophysiology, Sensory 
Coding, and Behavior", C Pfaffmann, "A Per- 
sonalized History of Taste Biophysics", L. M. 
Beidler; "Insect Olfaction — Our Research 
Endeavour”, D. Schneider; “Cutaneous Tem- 
perature Sensitivity", D. R. Kenshalo; "The 
Sensory Detection of Vibrations", W D. 
Keidel, "Fifty Years of Vestibular Science", 
O. Lowenstein. 
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were done with simple, home-made ap- 
paratus; indeed, the most useful hobby 
seems to have been the building of short- 
wave radio and radar devices. However, it 
would be a mistake to conclude that re- 
search was straightforward in those times 
and, furthermore, that all the “easy” 
experiments have now been done. The 
picture that emerges is that the secret of 
research is to ask the right question at the 
nght time and never to be discouraged by 
failure. 

The authors are drawn from many 
different countries, and for almost all of 
them the Second World War had a dram- 
atic impact on their workplace, personal 
life and future. Many of them were de- 
flected into applied research, which they 
appeared to be equally good at, and in 
many cases their eventual field of study 
seems to have been determined simply by 
chance. 

This elegant book provides a snapshot 
(with an exposure time of 50 years) of the 
foundations of the techniques which have 
enabled us to begin to probe the great, 
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unsolved mystery of how animals sense 
their ambient environment. It is very well 
illustrated and included are most of the 
classical experiments up to the present 
time. The names index contains some 
1,300 entries, and a newcomer to work on 
any of the special-senses would do well to 
begin here where they will be directed to 
the relevant seminal research. Moreover, 
the book brings together the sensory phys- 
iology of a very wide variety of species. 
One of the best starting points is Fig. 1 on 
page 382, where an illustration of the 
bombykol receptor cell of the moth will 
immediately lead you into the pheromone 
quest. 

The editors, W. W. Dawson and J. M. 
Enoch, must have had a difficult time 
blending together the writings of such a 
variety of personalities. This they have 
done with an affection for experimental 
neurosensory science which runs through 
every page. Г] 


F. W. Campbell is Professor in the Department 
of Physiology at the University of Cambridge. 





More of the unseen 
Universe 


Reuven Ramaty 


Gamma Ray Astronomy. 

By Rodney Hillier. 

Oxford University Press: 1984. Pp. 202. 
£19, $29.95. 


In rais rather brief volume, Dr Hillier has 
attempted to present the theoretical con- 
cepts, the principal observational results 
and the detection techniques of gamma- 
ray astronomy. After an introductory 
chapter and an account of astrophysical 
gamma-ray production, five chapters are 
devoted to detection techniques and four 
to observations. Thus most of the import- 
ant aspects of gamma-ray astronomy are 
covered, but to me the book seems to lack 
the ‘depth that would be expected from a 
modern work on the subject. Moreover 
many of the topics covered have been 
previously treated in Stecker’s Cosmic 
Gamma Rays, published in 1971, and 
in Chupp’s Gamma Ray Astronomy of 
1976. 

The book is not entirely up to date and 
contains some errors. The Crab nebula is 
powered by the Crab pulsar and not by 
49Cf (p.11). The energies of the line pho- 
tons resulting from positron annihilation 
are equal to the electron rest mass energy 
and not to half of this energy (p.12). And 
the lifetime of the 4.43 MeV level in "C 
1s less than 5х107!* s, and not ~107! s 
(p.6) This difference has important 
astrophysical consequences regarding the 
width of the line, as was pointed out by 
Lingenfelter and Ramaty in connection 
with gamma-ray line emission from inter- 





stellar grains (Astrophys. J. 211, L19; 
1977). 

There are also some omissions and 
some topics are covered rather sketchily, 
for example optical flashes from gamma- 
ray bursters. Even though optical obser- 
vations technically do not belong to the 
realm of gamma-ray astronomy, 
Schaefer’s discovery (Nature 294, 722; 
1981) of a historical optical flash in the 
error box of a gamma-ray burster has been 
one of the most important observational 
advances in this area in the past few years. 
As such, it should have been included in 
the book. Similarly, because of their close 
relationship to gamma-ray observations, 
neutron observations from solar flares 
(Chupp et al. Astrophys. J. 263, L95; 
1982) should also have been mentioned. 
Another topic not fully covered is the time 
variability of the 0.511 MeV annihilation 
line from the direction of the galactic 
centre. This variability, first reported by 
Riegler et al. (Astrophys. J. 248, 113; 
1981) effectively excludes multiple or ex- 
tended positron sources, for example pul- 
sars, supernovae, primordial black holes 
or cosmic rays. The reference to the work 
of Paciesas et al. (p.161) relates only to the 
variability of the continuum emission 
from the direction of the galactic centre, 
but not to that of the annihilation line. 

Overall, this is a book to which students 
wishing to become acquainted with the 
subject can be directed (though some 
mathematical ability is needed to get the 
best out of it). On the other hand, because 
of the failings outlined above, I cannot 
recommend Hillier's Gamma Ray Astro- 
nomy to advanced graduate students or 
active researchers. o 


Reuven Ramaty is at the Goddard Space Flight 
Center, Greenbelt, Maryland. 


NATURE VOL 315 27 JUNE 1985 


Doing the rounds of 
the Solar System 


Carl D. Murray 


Rings: Discoveries from Galileo to 


Voyager. 

By James Elhot and Richard Kerr 
MIT Press:1985. Pp.209. 

$17.50, £19.50. 


Osservations of the occultation of star 
SOA 158687 by the planet Uranus on 10 
March. 1977, were intended to provide 
information on the shape and atmosphere 
of Uranus An unexpected bonus for Jim 
Elliot and his team in the Kuiper Airborne 
Observatory was the first discovery of a 
ring system since the time of Galileo 

After more occultations, the spectacular 
successes of the Pioneer and Voyager 
spacecraft and the increased use of charge 
coupled devices (CCDs), astronomers 
now have the luxury of studying planetary 
rings on a comparative basis. 

Even to document the recent dis- 
coveries and theories is a difficult task 
after such an influx of ground-based and 
spacecraft results. But the authors of this 
book do not merely present the observa- 
tions together with the latest well-polished 
theories, they also treat the reader to a 
revealmg and honest portrayal of scien- 
tific discovery, complete with rejected 
grant applications, rivalry and occasional 
good luck 

In particular, the account of the space- 
craft flybys captures the unique atmos- 
phere of “instant science”, when making 
discoveries "is just a matter of who's 
around”. Explaining them can take a little 
longer. Theonsts have had to turn their 
attention to such phenomena as narrow 
rings, eccentric rings, multiple rings and 
“spokes”. The book relates how, during 
the Voyager 1 encounter with Saturn, 
some of the best theorists were unable to 
explain the “braided” appearance of 
Saturn's F-nng Although there were 
doubts that gravitational forces alone 
could account for such a feature, one of 
the faithful remarked, “Don’t worry 
about Newton's equations, most people 
don’t realize how many solutions they 
have” Current theories of the F-ring have 
shown that his faith in gravity was not 
misplaced. 

Accounting for some features can lead 
to more fundamental problems Studies 
of satellite—ring interactions and the ident- 
ification of spiral density waves have 
provided an explanation for most of the 
structure m Saturn's A-nng. However, 
the same studies reveal the possibility that 
unless some locking mechanism can be 
found we may have to come to terms with 
the fact that the rings are relatively short- 
lived phenomena. 

The combination of first-hand experi- 
ence and good journalism has resulted 1n 
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an immensely readable account of how 
ring studies have evolved over the past 
three centunes Glimpses of the personal- 
ities involved and clear explanations of 
the various physical processes and rng 
theories help to convey the excitement of 
science This golden age of discovery 15 
not over In January 1986 we can expect 
images of the Uranian rings from Voyager 
2 Before the end of the decade we will 
have further information on the peculiar 


rings or arcs of material around Neptune 
and a look at Jupiter's nng from the 
Galileo spacecraft. There will be more 
d.scoveries, more puzzled astronomers, 
more theories and, we must hope, an 
equally fascinating sequel to this splendid 
book Oo 


Carl D Mr is a Lecturer in the Theoretical 
Astronomy Unit at Queen Mary College. 
U'uversuy of London 





Levels of dispute 
Paul Hoyningen-Huene 


Science and Values: The Aims of Science 
and Their Role in Scientific Debate. 

By Larry Laudan 

University of California Press 1984. 
Pp.149. $15, £14.25. 


SciENCE, viewed as a social enterprise, 
has two complementary features: the for- 
mation of agreement from disagreement 
and the formation of disagreement from 
agreement. The task of explaining these 
features was made prominent more than 
20 years ago by Thomas S. Kuhn in 
his Structure of Scientific Revolutions. 
Laudan takes up the subject once more, 
thus putting himself in competition with 
Kuhn and many other wnters. Before 
addressing the resulting quarrels, we 
should look at the model that Laudan 


proposes. 

Laudan distinguishes three levels of 
scientific commitment on which agree- 
ment or disagreement occurs: a “factual 
level”, concerning claims about the world, 
a “methodological level”, concerning 
claims about the correct way of doing 
science, and an “axiological level”, con- 
cerning the basic cognitive aims of science 
(that is, those properties of theories that 
are constitutive of good theories). Tradi- 
tionally, the interaction between these 
levels is seen as follows: disagreement on 
the factual level can be rationally resolved 
by recourse to the methodological level, 
and disagreement on the methodological 
level by recourse to the axiological level. 
The second of these steps 15 possible since 
methodological rules are instruments for 
realizing cognitive goals. The obvious dif- 
ficulty which this hierarchical dependence 
of levels leaves unresolved is that dis- 
agreement on the axiological level cannot 
be eliminated. 

Laudan adds more interactions to the 
traditional hierarchical dependence of the 
levels, resulting in what he calls the “retic- 
ulated model". In this model, the meth- 
odological level is also influenced by the 
factual level. Scientific methods can and 
must, he says, be judged also with respect 
to the factual level. what is already known 
about a subject matter obviously influ- 
ences the choice of subsequent scientific 
methods. Second, the axiological level 1s 


connected to the other levels by feedback 
loops that sometimes allow for rational 
resolution of axiological disagreement. 
Explicit cognitive values — value state- 
ments — may, according to Laudan, rat- 
ionally be criticized for being "utopian", 
that is for being incapable of application, 
or for not being consonant with shared 
exemplary scientific work. (At this point, 
however, Laudan appears to confound 
explicit value declarations with values dis- 
played in actual scientific practice ) The 
interdependence of the different levels in 
the reticulated model permits rational 
transitions between many of the eight 
combinatorially possible states of three- 
level agreement-disagreement. 

Laudan's development of the model is 
accompanied by attacks on other writers 
in the field. Correspondingly. he declares 
his book to be a contribution to the 
“decanonization of a discipline's patron 
saints" (xii), and his principal target 
throughout is T.S. Kuhn. But the creature 
decanonized by Laudan is largely a pro- 
duct of his own imagination For example, 
a central sin that Laudan identifies in 
Kuhn's work 15 what he calls “the covar- 
iance fallacy", the assertion of a rigid bond 
between changes on the factual and on the 
axiological level (43ff.) But Kuhn, in an 
article that Laudan repeatedly cites, has 
described at length a very different sort of 
association, one that invokes just the sort 
of delayed feedback loop that Laudan 
takes to be his own. Elsewhere, docu- 
menting Kuhn's distrust of rationality, 
Leudan attributes to him the view “that it 
was perfectly reasonable for Priestley to 
hold onto phlogiston theory" (pp.72-73, 
my italics). But what Kuhn said in the 
relevant passage is the reverse: “the his- 
torian can always find men — Priestley, 
for instance — who were unreasonable to 
resist for as long as they did" (Structure, 
p 159, my italics). These examples stand 
for a host of others. Scholarly debate 
should notbeconductedinthisway. CI 


Paul Hoyningen-Huene, currently a Visiting 
Scholar at the Massachusetts Insitute of Tech- 
nology, isa Lecturer in Eee of. Science at 
the Uniwersities of Bern and Züri 


GI The most recent volume to appear in Perg- 
arron's Key Environments series 15 Antarctica, 
edited by W N Bonner and DWH Walton. 
Pr-ce 1s £14 95, $23.95 For review of the first 
three volumes see Nature 312, 205 (1984) 
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A G ROBINSON(eds) Karger 1984 Pp 326 ISBN 
3-8055-3921-5 SwFr 165, DM198, $99 

Diagnostic Imaging of the Lower Genitourinary 
Tract. By MATTHEW D RIFKIN Raven 1984 
Pp 351. ISBN 0-88167-045-6 $58 50 

Drug Analysis by Gas Chromatography. By 
DAVID B JACK Academic 1984 Pp 223 ISBN 
0-12-378250-3. $49 50, £38 50 

Drugs Handbook 1984-85. By PAUL TURNER and 
GLYN VOLANS. Macmillan: 1984 Pp 175 ISBN 
0-333-36880-0 Pbk £5 95. 

Ectodermal Dysplasias: A Clinical and Genetic 
Study. By NEWTON FREIRE-MAIA and MARTA 
PINHEIRO Alan R Liss 1984 Рр 266 ISBN 0- 
8451-0238-9 £44 

Electric and Electromagnetic Stimulation of Bone 
Growth. Vol. 19. Reconstruction Surgery and 
Traumatology. TH J G VAN RENS (ed ) Karger: 
1985 Pp.151 ISBN 3-8055-3939-8 SwFr139, DM1066, 
$83 25 

The Essentials of Forensic Medicine, 4th Edn. C.J 
POLSON, D J СЕЕ and B KNIGHT (eds) Perga- 
mon 1984 Pp 734 ISBN 028868-5 $150, £95 

The Eye and Orbit in Thyroid Disease. COLUM A. 
GORMAN, ROBERT R WALLER and JOHN A 
DYER (eds) Raven 1984 Рр 35] ISBN 0-88167- 
036-7. $82 50 

Food Microbiology. А Н ROSE (ed) Academic 
1984 Pp 298 ISBN 0-12-596558-3. $54, £34. 

Frontiers of Radiation Therapy and Oncology: Can- 
cer and AIDS. JM VAETH (ed) Karger. 1984. 
Pp 184. ISBN 3-8055-3923-1 | SwFr164, DM196, 
$98 25 

Genetic Factors іп Nutrition. NATONIO 
VALAZQUEZ and HECTOR BOURGES (eds) 
Academic 1984 Pp 441 ISBN 0-12-715950-9 $35, 
£24 50 

Genetic and Phenotypic Markers of Tumors. 
STUART А AARONSON. LUIGI FRATI and 
ROBERTO VERNA (eds) Plenum 1984 Pp 379 
ISBN 0-306-41817-7 Np 



































CALL FOR PAPERS 
LONGMAN | 


in association with the 


Quaternary Research Association 


are pleased to announce an important new journal in the 
Earth Sciences. 


JOURNAL OF QUATERNARY SCIENCE . 


edited by Dr J. J. Lowe, City of London Polytechnic, on 
behalf of the Quaternary Research Association. 


The Journal of Quaternary Science will publish original 
papers on all aspects of Quaternary Research, the branch 
oftheearth sciences concerned with the last two million 
years ofearth history. The Journal will be international and 
interdisciplinary and contributions are now being sought 
from researchers in appropriate fields, including geology, 
geomorphology, archaeology, botany, climatology, 
geophysics, glaciology, oceanography, palaeontology, 
soil science and zoology. A distinguished international 
editorial board is inthe process of formation. A style guide 
is in preparation but prospective contributions should 
follow standard scientific conventions for the time being. 


The Journal will be launched in April 1986; Two 96- -page i issues 
per year Annual subscription £35: $70 US 


Editorial enquines and correspondence Dr J J Lowe, Department of Geography, 
City of London Polytechnic, Calcutta House, Old Castle Street, London Et 7NT, UK 


Subscription enquines Clive Weatherley, University and Further Education 
Division, Longman Group Ltd , 
Longman House, Burnt Mill, 

Harlow, Essex CM20 2JE, UK 


Дь 


Longman ss 





Reader Service No.3 


Copies of articles from this 
publication are now available from 
the UMI Article Clearinghouse. 


For more information about the 
Clearinghouse, please fill out and mail back 
the coupon below. 


OMI Arti 
oH house 


Yes! I would like to know more about ОМІ Article Clearinghouse 
lam interested in electronic ordering through the following systemis): 


O DIALOG/Dialorder CITT Dialcom . 
О OnTyme | 'Г1 OCLC ILL Subsystem , 


O Other (please specify). 
Clam interested їп sending my order by mail. 


C Please send me your current catalog and user instructions for the 
system(s) I checked above 


Мате. 22 — 
| ыз ——— — Á—M 
Institution/ Company NEMINEM Ыыы 
Department aa a aa o 
мае j 


City State... Zip 
Phone ( m 


Mail to: University Microfilms International 
300 North Zeeb Road, Вох 91 Ann Arbor, МІ 48106 
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CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


UNIVERSITY OF WALES 
COLLEGE OF MEDICINE 


DEPARTMENT OF MEDICAL 
MICROBIOLOGY 


RESEARCH OFFICER . 


required for work oh a one-year pro- 
ject on the production of monoclonal 
antibodies commencing September, 
1985. 


Applicants should have post- 
graduate experience of tissue culture 
techniques, preferably in the field of 
hybridoma technology. 


Salary up to £7,980 on Range 1B 


of the scale for University Research 


and Analogous Staff. 


Further information available 
from the Registrar and Secretary 
(Personnel Office), University of 
Wales College of Medicine, Heath 
Park, Cardiff, CF4 4XN (tel: 0222/ 


755944 ext: 2296) to, whom apphica-' 
tioris in the form of a curriculum | 


vitae with the names and addresses 
of two referees should be submitted 


three weeks from the date of appear- , 


ance of this с 


у 
теѓ: В7/37. 


938)А 


“least: 


ROTHAMSTED 
EXPERIMENTAL STATION 


Harpenden, Herts АІ 5 2JQ 


HIGHER SCIENTIFIC 
- OFFICER | 


required by the Insecticides & Fungi- 
cides Department to work on tech- 


| niques to delay insecticide resistance 


in the white fly. The post is funded by 
Ciba-Geigy AG for a period of two 
years. 


Qualifications: First or Upper 
Second Class honours degree in 
either Entomology, Agricultural 
Science or Applied Biology. with at 
two years relevant post- 
pue experience. A PhD would 
e an advantage. 


Appointment in the grade’ of 
Higher Scientific Officer on scale 
£7,788 — £10,541. Non-contributory 
superannuation. 


Applications giving full cv, the 
names of two referees and quoting 
Ref: 596 should be sent as soon as 
possible to The Secretary. Closing 
date 19 July 1985. Further particu- 
lars on request. (6948)А 


THE UNIVERSITY OF LEEDS 
FACULTY OF MEDICINE 
MANAGER, 


LABORATORY . 
ANIMAL SERVICES 


Applications are invited’ for the 
above post available from 1 October 
1985. Applicants Should' have not 
less than 12 years' experience in ani- 


mal technology and appropriate . 


management experience. The suc 
cessful candidate will be responsible 
for the provision of laboratory 
animal services to the departments 
of the Faculty of Medicine. The ser- 
vice has a total technical staff of 26 
andis responsible for a wide range of 
laboratory animals. 


Salary on Grade IL of the sala о: 


‘Other Related Staff (£11, 673. 


£14,925) (under review). | 


Application forms and further 

articulars may be obtained from the 
EDGE The University, Leeds 

LS2 9JT, quoting reference no. 93/9. 


„ше date for applications 24 
July 198 | (6920)А 


UNIVERSITY COLLEGE 
CORK © 
RESEARCH POSITIONS IN 


MICROBIOLOGY] 
BIOTECHNOLOGY 


, , POSTDOCTORAL 
RESEARCH ASSOCIATES 


(2) to work от projects , involving 
molecular genetics ‘of plant- 
microbial interactions — 


(A) to investigate genes involved in 
carbon metabolism in Rhizobium 
rye Engineering); 

В) to investigate the regulation of 
carbon metabolism in Rhizobium 


and ' plant growth promoting 
Pseudomonas spp. (biochemical- 
genetics/physiology). 


Positions are available from 1 July 


: 1985 and salary will be in the range 


IR£8,596-IR£11,173 (less PRSI con- 
tribution) according to experience. 


Applications including a C V. and 
the names of two referees should be 
sent as soon as possible to Dr Е. 
O'Gara, Microbiology Department, 
University College, Cork, Ireland, 


‘from whom further particulars are 


available. (6903)A 













AGRACETUS і 
BIOTECHNOLOGY 


* п | : | a А я i \ | / , 7 a . w | Y ` i ^ 
Scientist — Molecular Biology 
The Agracetus plarit genetic engineering group has a vacancy fora scientist with experience in eukaryotic 
molecular biology. Applicants should have demonstrated competence in one or more aspects of recombinant 


technology including construction of genomic libraries, cDNA cloning, or expression of foreign genes in 
eukaryotic cells. The scientist chosen for this position will join a growing Interdieeiptinaty research team 


working toward the genetic improvement of major crops. 


Agracetus has evolved frorh Cetus Madison Corporation as a joint venture initiated by W.R. Grace & Co. and 
Cetus Corporation. The partnership combines the research strengths and technology of Cetus with the 


business experience and Success of the Grace Agrichemicals Group. 


Agracetus is an industry leaderin applying the techniques of biotechnology to agriculture. The location of the 
research complex near the Clery of Wisconsin in Madison, proviges an ieee! setting for both career and 


lifestyle enhancement. E 


We offer a competitive salary, a comprehensive benefits package, and аайын opportunity 


Send a detailed curriculum vitae, a list of publications, and three letters of recommendation directly to Dr. 
Winston J. Brill, Agracetus, 8520 University Green, Middleton, WI 53562. We are an equal opportunity 


employer 


Agracetus 













(NW1902)A 
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Recombinant DNA specialist post-doctoral level 


f your sights are aimed at the field of genetic engineering successfully cloned and expressed the gene of a pharmaceutical 
focus in on a laboratory where sophisticated technology andthe enzyme, the numerous genes – approximately 20 – of the biosyn- 
latest ideas go hand in hand with the strerigth of France's n° 1 thetic route to the vitamine B 12, an important drug and food 
chemical and pharmaceutical group-which also happens to be additive, and the gene of two medically valuable human proteins. 
among the top 10 in the world. The Rhóne Poulenc Group provi- If you would like to broaden your professional horizons, join a 
des Génética with an industrial scale structure for research, appli- laboratory that really counts in this field. You will find your 
cation and sales, thus giving Génética every chance to produce working environment, just thirty minutes from the heart of Paris, 
broad ranging applications and all of the resulting financial bene- both pleasant and stimulcting. 
fits. Ten years ago, the field of genetic engineering didn't even Please send your application (résumé) to GENETICA, 
exist. Our main projects performed until 1984 Génética has 160 quai de Polangis, 94340 Joinville-le-Pont, Paris - FRANCE. 


rance, Too, 
needs researchers. 
who want fo put their 


skills fo use. 


PARIS FRANCE 





GENETICAVOIT GRAND DANSLE DOMAINE DEUl'INFINIMENT PETIT. 
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Neuroscientists | 
in Research _ 


The expansion of our Industrial Division’s Research facilities in 





r 


Nottingham has created the following key opportunities for scientists to join 


our Mental Шпеѕѕ Research Group. 


Section Leader 


A pharmacologist, biochemist or biologist to.head a section primarily 


concerned with the research and development of anti-depressants. You should 
have considerable relevant post-doctoral experience, preferably gained in a 


pharmaceutical company or in an industrial-collaborative environment 
coupled with substantial experience of scientific group management 


Team Leader 


A neuroscientist to help in the building up of a team to research into new 
antipsychotic drugs, several years post-doctoral experience, not necessarily 


Й 


gained іп the pharmaceutical industry, is essential. 


Research Scientist 
A recently qualified post-doctoral scientist with training in | 
neuropharmacology to participate in a programme of work involving 


monoamine metabolism and directed to the evaluation of new drugs acting on 


the central nervous system. , © 


The competitive salaries-oftered for these new and responsible positions ` 


will be related to experience. An excellent benefit package includes profit 


sharing bonus, staff purchase privileges and a’generous relocation allowance, 
where applicable, to assist with moving to this attractive part of the country. 


Please write with full career details, including publications to: 


Mr. T. W. Flower, Employment Manager (Technical), The Boots Company 


PLC, Station Street, Nottingham NG2 ЗАА. ." (6951)А 


The Boots Company PLC 


[ BIBRA З 
DIRECTOR 


The British Industrial Biological Research Association wishes to appoint a 
Director, as Chief Executive, in succession to Professor D.M. Conning, recently 
appointed as Director-General of the British Nutrition Foundation. 


Founded in 1960 to carry out toxicological research, the Association currently 
is funded mamly by Government and the, food and allied industries. The 
Association conducts multi-disciplinary research to develop methods of safety 
evaluation, supply information and prepare toxicological assessments for use 
by industry, government departments and regulatory authorities internationally. 


Candidates should be internationally known experimental scientists with the 
capacity to manage 150 staff in laboratories at Carshalton, Surrey. 


This important post will be filled by someone with the stature to give 
leadership in the generation of science to resolve current problems, including 
risk assessment and the extrapolation of experimental data to man; and who 
will broaden the international role of the Association. 


Applications, which will be treated in the strictest confidence, should be 


addressed to the Chairman of Council, Mr E.A. Flack at Grindsted Products 
Limited, Northern Way, Bury St. Edmunds, Suffolk IP32 6NP, England. 
. . К : (6 
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UNIVERSITY OF NATAL 


Department of 
Biochemistry 


PIETERMARITZBURG 


Applications are invited from 
suitably qualified persons re- 
gardless of sex, religion, race, 
colour or national origin for 
appointment to the post of: 


"LECTURER 


The, appointee will be ex- 
pected to participate at ali 
‘levels in the teaching pro- 
gramme including his/her own 
specialisation. In addition the 
appointee will be encouraged 
to become involved in active 
research. It is essential there- 
fore that applicants have an in- 
terest in both teaching and 
research. 


The minimum qualification for 
the post is a M.Sc. degree. 


The appointment carries an at- 
tractive salary package, details 
of which are obtainable from 
the Staffing Section on request 
(telephone 0331-63320). The 


'salary offered will, be deter- 


mined according to the qaulifi- 
cations and/or experience of 
the successful applicant. 

Application forms, further par- 
ticulars of the post, and condi- 
tions of service, are obtainable 


' from the Registrar, University 


of Natal, P.O. Box 375, Pieter- 
maritzburg, 3200, with whom 
applications on the prescribed 
form must be lodged no later 
than 31 July 1985, quoting ref- 
erence PMB 43/85. 


Application forms for over- 


| seas applicants are available 


from the Secretary, South 
African Universities Office, 
Chichester House, 278 High 
Holborn, London WC1V 7HE. 
(W1968)A 





OXFORD POLYTECHNIC 
_DEPARTMENT OF BIOLOGY 
POSTGRADUATE RESEARCH 
IN RECOMBINANT DNA 
TECHNOLOGY 
A Researcher А ‘post (£5,181 — 
£7,176 per annum) will be available 
from 1 September 1985 for re- 
search training, leading to MPhil/ 
PhD (CNAA), in the construction 
and use of novel transposons for 
mutagenesis in gram negative bac- 
teria under the supervision of Dr M 
Woodward. 
This Researcher A post will involve 
teaching duties on undergraduate 


' | courses in biochemistry and micro- 


biology. 
Further details of the project and of 
research in the Department are 
available from the Postgraduate 
Tutor. 
Applicants should possess a good 
honours degree in an appropriate 
subject. They should provide a cur- 
riculum vitae including full details 
of any experience relevant to the 
project and the names of two aca-. 
demic referees. ‘ 
Applications should be sent to: 
e Postgraduate Tutor, Depart- 
ment of Biology, Oxford Polytech- 
nic, Heading Oxford OX3 OBP. 
CLOSINF DATE 12th July 1985. 
An Equal Opportunities Employer. 
>, (6967)A 
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DEPARTMENT? OF RESEARCH 
AND SPECIALIST SERVICES 


MINISTRY OF AGRICULTURE 
.. ZIMBABWE 


As part of its plans for strengthening the research and extension services in agriculture, the Department of Research and Specialist Services 
requires scientists and technologists to work on three year assignments in the positions indicated below. 





Since independence, the high level of services provided by the Department to the established commercial farmers has-been maintained but 
special attention is being given to the needs of the small farmers and the resettlement and communal areas. The Department has responsibilities 
for the furtherance of the welfare and technical progress of Zimbabwe agriculture, for conducting research in agricultural science and crop and 
livestock production and for the provision of services to the agricultural industry. It is also entrusted with regulatory services. The Department 
employs a staff of over 350 professional and technical officers and some 1500 supporting personnel. 


- CROP RESEARCH DIVISION 


UTILITY PLANT BREEDER for CEREALS 
(Winter Wheat, Barley, Millets & Sorghum) 


UTILITY PLANT BREEDER for OILSEEDS. and FOOD LEGUMES 
(Groundnuts, sunflower & pulses) 


IRRIGATION AGRONOMIST for LOW COST IRRIGATION. SYSTEMS 
(To establish minimum requirements for a variety of crops, particularly wheat, cotton, vegetables and a wide range of tree crops) 


LIVESTOCK AND PASTURES DIVISION 
PLANT BREEDER FOR GRASSES 
(Investigations to include Rhodes grass strains and potential crosses with giant strains aimed at combining. high production with resistance 
to root-knot nematode, and consideration of possible avenues for pasture legume breeding) 


RANGE ECOLOGIST ; 
(To design trials for reclamation of degraded sandweld rangeland in communal areas) 


RUMINANT NUTRITIONIST 
{To design research trials on nutrition of cattle and small livestock and review current research into fattening and intensified production 
systems) 


MEAT TECHNOLOGIST 
(To develop training programmes for meat graders) 


RESEARCH SERVICES DIVISION 


SOIL PHYSICIST | 
(To provide analytical service in soil physical properties, support soil survey staff by research on soil suitability for irrigation and other 
development and in rapid field assessment of permeability and moisture release) 


SOIL MICROBIOLOGIST 
(To conduct research on microbiological aspects of rhizobial юлосшатв and coordinate work of the Inoculant Factory and Microbiological 
Laboratory) ` 


PLANT ECOLOGIST 

(To provide vegetation inpüts for natural resources survey of communal lands, involving aerial photograph & satellite imagery inter- 
pretation, computerised analysis of vegetation data and sampling techniques and to conduct research into use of vegetation in reclamation 
of degraded lands) 


SENIOR AGRONOMIST/PHYSIOLOGIST 

(To devise technical packages for communal area research trials covering appropriate varieties, populations and fertiliser requirements for 
maize, field beans, sunflower, groundnuts, sorghum, soyábeans, pearl millet and cowpeas and an agronomy programme covering proper 
'tillage methods, moisture conservation and resistance to waterstress of major field crops) x 


a 


The training of local staff through i in-service lecture courses, practical demonstrations and examinations, on the job training and supervision 
of post graduates and diplomate research studies is an essential and integral part of all assignments. 


Applicants should have appropriate academic qualifications and must be able to demonstrate a high level of achievement in their disciplines 
as well as their capability in the field of training. At least five years research experience in tropical agriculture is required. 


Remuneration package includes US dollar salaries and allowances net of local tax, furnished housing, annual leave passages and assistance 
with education expenses. These appointments are funded by the World Bank and successful applicants will be contracted to AMEX Consul- 
tancy Ltd, who have been retained by the Government of Zimbabwe to support this important programme. 


Applications in writing with full CV's and references to AMEX Consultancy Ltd, 28 Old Church Street, London SW3 5BY. 


Consultants in 
Agricultural Development 
Management and 


Marketing 





(W1980)A 
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ADVANCED DRUG. 
DELIVERY RESEARCH 


Horsham, West Sussex 


Ciba-Geigy Pharmaceuticals has established in Horsham a major new 
research unit ‘dedicated іо the discovery and exploitation ‘of new 
concepts for drug delivery. The unit provides exceptional opportunities 
for imaginative and highly motivated scientists to carry out original 
research in a stimulating and challenging multr-disciplinary environment. 


Applications are invited for the position of: 


SCIENTIST . 


To be responsible for, and to operate a flow cytometer within a broad range- 
, of applications in the areas of cell biology and molecular biology. 


The successful candidate will be expected to develop and maintain 
expertise in the technique of flow cytometry, and to interact with the 
members of the Unit in the development of experimental programmes. 


Suitable candidates should have an interest in modern analytical and . 
instrumental techniques, a basic knowledge of computing; and a sound 


background knowledge of immunology and cell biology. 


Practical experience in the use of flow cytometry, although not essential, 
would be an advantage. 


The salary and benefits package for this position i is very attractive, and will 
include relocation expenses where appropriate. : 


Please send a letter of application, together with a full c.v. to:- . .: 


Miss S. J. Byrne, Personnel Officer, Ciba-Geigy Pharmaceuticals, 
Wimblehurst Road, Horsham, West Sussex RH12 ААВ. (6981) A 


 CIBA—GEIGY 





ANIMAL NUTRITIONISTS (2) 
VACANCY INT/001/85 


| 
ИШ - 


` The International Livestock Centre for Africa (ILCA) seeks two 
Animal Nutritionists to be based at Headquartersi in Addis Ababa. 
One will be required to participate in ongoing research pro- 
grammes on the evaluation of crop residues and the nutrition of 
draught animals. The other, who will be expected to travel exten- 
sively in various parts: of Africa, will be concerned.with an on- 
going programme in the nutrition of trypanotolerant livestock 


‘and those exposed to trypanosomiasis. 


Successful applicants will ave PhD degrees in ruminant nutrition as well as several: years 
experience in the field. Knowledge ofFrench would be a considerable advantage for applicants for 
both posts. 

Salary and related benefits will be in line with comparable international organisations. 
Applicants should airmail personal history and names of three referees. Applications citing the 
above reference number should arrive to the Head of the Personnel Department, International. 


Livestock Centre for Africa, P.O. Box 5689, Addis Ababa, Ethiopia before August 31, Po 
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MEDICAL RESEARCH 
І COUNCIL 


National Institute for 
Medical Research 


VIROLOGY DIVISION 


Applications are invited for a 
postdoctoral position in initi- 
ate an independent pro- 
‘gramme to study microtubule 
mechanisms in the spatial 
organisation of cells. The can- 
didates should have several 
years experience in relevant 
areas of cell biolo y, and be 
interested ın collaborating | 


with scientists with related re- 
search programmes. The Insti- 
tute offers excellent facilities 


and opportunities for collabor- 
ation in-this area-at both mol- 
ecular and cellular levels. 


The appointment will be for 
five years and the salary will be 
at an appropriate point on the 
scales for University non- 
clinical academic staff, plus 
£1,233 London allowance and 


‚| superannuation provision. 


Applications, giving full curric- 
ulum vitae, research exper- 
ience and the names of two 
professional references, 
should be sent to the Director, 


National Institute for Medical f 


Research, Mill Hill, NW7 1AA 
before 26th July 1985, quoting 
ref: V/7/M. (6950)A 





ASSOCIATE SCIENTIST 


Applications are being accepted for 
the position of Associate Scientist 
for a PhD in Immunology and at 
least 3 years of experience. The 
candidates selected will become an 


' integra! part of the research team 


involved with the study, of celi- 
mediated immunity an ' viral dì- 
seases. The candidate should also 
have extensive knowledge in the 
study of coranaviruses, 
опһотухоу!гивез, and cellular 


{ Immunology 
Salary range. — $20 to $23,000 per f” 


year. 


Forward résumé to: Patricia 
Menei, Personnel Dept, THE 
WISTAR INSTITUTE, 36th on 
Spruce Sts., Ше hia, 


19104. EOE. 191 д^ 


POSTDOCTORAL 


POSITION 


available in a clinical immun- 
ology laboratory to study the 
ontogeny of the immune re- f 
sponse with special emphasis 
on the relationship between 
differentiation and cancer. 
Minimum qualifications are a 
Ph.D. degree with a back- 
ground in either immunology, 
biochemistry, cell or molecu- 
lar biology. Funding starts 1 
Sept. 1985. 


Please send résumé, state- 
ment of research interests, 
and names of three references 
to: Dr. Florence Hofman, De- 
partment of Pathology, Uni- 
versity of Southern California, 
Los Angeles, CA. 90033. 
г (NW1917)A 
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T Microbiologists 
Antibacterial Chemotherapy 
The Wellcome Research Laboratories is the main centre for the research activities of The Wellcome Foundation Ltd., a major 
group of pharmaceutical and chemical companies with headquarters in the UK and a turnover close to £800m. 


The major objective of the Department of Biochemical Parasitology is the discovery and development of novel drugs for the 
microbial and parasitic diseases of man, including tropical diseases. 


We now have two challenging opportunities for experienced Ph.D. Microbiologists to join a multidisclplinary team 


committed to the rational design and development of new antibacterial agents. 
Senior Microbiologist £11,400 — £15,800 


You will play a key role in the overall development and operation of the evaluative component of the team's effort and will 
also undertake personal research work pertinent to that area. Five years’ post-doctoral experience in antibacterial chemo- 
therapy, preferably in an industrial or hospital environment, is essential for this appointment. The ability to integrate 
effectively with scientists at all levels and from other disciplines will also be a prime requirement. Ref: WRL/347. 


Microbiologist . £9,400 — £12,500 


You will be orie of a small group of microbiologists engaged in the evaluation of known and newly designed antibacterial 
agents at the whole organism level, both in vitro-and in vivo. Flair for innovation, especially in the development of novel 
assays, plus 1 or 2 years' post-doctoral experience are essential for this position. This appointment will initially be for one 
year in the first instance, with probable renewal for at least 2 more years. There may be opportunity for transfer to an 
established position in the longer term. Ref: WRL/348. 





We offer an attractive sta nting salary, dependant on experience, and our excellent benefits package includes five 
week's holiday, pension fund, sick pay scheme, subsidised restaurant and assistance with relocation expenses 
where appropriate. 


Please write with ful! details, quoting the. appropriate reference; to Dr Н D Avshu, Personnel Officer, The 
Wellcome Research Laboratories, Langley Court, Beckenham, Kent BR33BS. . (6983) 





Wellcome 


x а n И 









X-ray Crystallography 
Protein Chemistry 
Protein Modelling 


Structural 
Molecular Biologist 


BROOKHAVEN NATIONAL LABORATORY 


Cold Spring Harbor Laboratory is committed to 
a major new thrust in the study of protein 
Structure We are seeking to appoint either junior 
or senior staff members with expertise in the 
areas of X-ray crystallography of, proteins (2 
positions), protein chemistry (1 position) and 
protein modelling (1 position). The successful 
candidates will have demonstrated creativity and 
productivity in one of these areas Applicants with 
interests in the areas of DNA-protein interactions, 
oncogenes, hormone receptors, growth factors or 
protein kinases will be especially welcomed 
Interested persons should send curnculum vitae, 
statement of future research plans and names of 
referees to 


Dr RJ Roberts 

Cold Spring Harbor Laboratory 
PO Box 100 

Cold Spring Harbor NY 11724 


Cold Spring Harbor Laboratory 


An equal oppomunity employer 





(NW1896)A 




















A staff position is open in the Biology Depart- 
ment for a structural molecular biologist with 
experience In the field of small. angle X-ray 
scattering. This is an opportunity for a scien- 
tist to develop an independent program at the 
small angle scattering station of the National 
Synchrotron Light Source (NSLS). The scientist 
will also be responsible for the operation and 
development of the smail angle scattering 
facility. 


Candidates should submit a curriculum vitae 
that includes a list of publications and the 
names of three referénces, together with a 
statement of research interests, to: H.Z. Kon- 
dratuk, Biology Department, Brookhaven Na- 
tional Laboratory, Associated Universities, 
inc., Upton, Long Island, NY 11973. Equal Op- 
portunity Employer m/f. 


D n | BROOKHAVEN. | 
aui NATIONAL LABORATORY 





ASSOCIATED UNIVERSITIES INC 
(NW1904)A 
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The European Molecular Brology Laboratory, an international 
research institute situated in Helbelberg, West Germany, invites 
applicants for the following vacancy at the Laboratory's Out- 
station at the Deutsches Elektronensynchrotron (DESY) site in 


BIOCHEMISTRY 
LABORATORY ASSISTANT 


The Outstation at the storage ring DORIS is dedicated to the 
use of synchrotron radiation in biological structure research 
The successful candidate will be responsible for maintatning the 
biochemical facilities used by visiting groups carrying out 
research projects at the Oustation for limited periods of time . 
Besides this, there is an opportunity to participate in a limited 
in-house project on assembly properties of components of the 
cytoskeleton or on the structure of chromatin 


Applicants should have an appropriate degree and advanced 
technical skills A knowledge of more than one of the official 
languages of the Laboratory (English, French, German] would 
be an asset ‘ | : 


The net monthly salary will be between DM 2770, - and DM 
3170, - Certain allowances are payable in addition, depending 
on personal circumstances An initial contract of 3 years' dura- 
поп, which can be renewed, will be offered 


Please write briefly for an application form, 
quoting reference 85/16 to 

EMBL, 

Personnel Section, 
Postfach 10 2209, 
D-6900 Heidelberg 
















About us: Our Biochemical Research Centre is located in 
We belong to Tutzing on the Stamberg Lake, just south of 
the foremost Munich in an area of exceeding natural beauty. 
names ofthe ^ n view of our expanding research activities in 
research inthe Biotechnology we now have some 
pharmaceutical К 

industry. 


Postdoctoral 
Positions 


open - limited for two years 


We are looking for Biochemists to work 
on a project involving the isolation of 
immunoglobulin genes and the construc- 
tion of recombinant antibodies. 


Applicants should have a strong back- 
ground either in enzymology and/or 
protein chemistry or in recombinant DNA 
technology 


Applications with curriculum vitae, ^ — 
descnption of research background and 
interests should be sent to 


(es 
A 
















Boehringer Mannheim GmbH 
Biochemica Werk Tutzing 
~ Personalabteilung P-B – 
" Bahnhofstr. 9-15, 8132 Tutzing 










(W1971)A 





Bristol Polytechnic 


Science Department 
Researcher A 
(2 Posts): 


Applications are invited from candidates with or expecting to 
gain a first or upper second class honours degree in a relevant 
discipline. Both posts, funded by NAB, are tenable for. three 
years from 1 October 1985 and the successful candidates will. . 
be expected to register for a higher degree with the CNAA;— 


Researcher A 
in Biochemistry 


— Ref No R/59 


To work on membrane bound enzymes of red cells thought to 
be involved in the molecular basis of the Tb syndrome. It will 
be carried out under the joint supervision of Dr K Cattell and 
Mr. T Williamson, 'Science Department, Bristol Polytechnic 
and Dr D Anstee, South West Regional Transfusion Centre, 
Southmead, Bristol. 


Researcher Ain . 
Molecular Genetics 


^. — Ref No R/60 - 
To.undertake genetic and molecular studies with the nitrogen- 
. fixing actinomycete, Frankia sp under the supervision of Dr D 
eal. н ; 
Salary Scale: £5,667 — £6,405 per annum. 

· For further details and an application form, to be returned by 
12 July 1985, please contactthe Personnel Office, Bristol Poly- 
technic, Coldharbour Lane, Frenchay, Bristol or ring Bristol 
656261,Ext2160r217. . Ч 
Please quote appropriate Reference Numbers іп all communi- 
cations. : 

Avon County Council is an Equal Opportunities Employer. 
(6925)A 
























VISITING PROFESSORSHIPS IN 
FLORISTIC BOTANY 


Under the terms of an endowment from Dr. and Mrs. L.R. 
Hesler, the Botany Department, The University of 
Tennessee, Knoxville, is able to support a limited number 
of visiting professors of floristic botany. Stipends will be 
determined by research proposals, and may be used to 
support salary and expenses in floristic, revisionary of 
monographic plant systematics. : 

Letters of inquiry may be sent to: Hesler Endowment 
Fund, Botany Department, University of Tennessee, 
Knoxville, TN 37916, USA. * (NW1899)A 





THE UNIVERSITY OF BRITISH COLUMBIA 
DEPARTMENT OF MICROBIOLOGY 
CELLULAR IMMUNOLOGIST 


Applications are invited for a postdoctoral fellow to join a group 
working on the role of antigen specific immunoregulatory mole- 
cules in the immune response. The initial work will involve the 
establishment of T-cell lines and hybrids which produce or re- 
spond tó these factors, the development of rapid assay systems 
and studies on the biology of these factors. This position offers an 
excellent opportunity to gain training in the application of mol- 
- ecular biological techniques to immunological problems. 
Application with CV and names and addresses of two referees 
should be sent to Dr D.G. Kilburn, Department of Microbiology, 
The University of British Columbia, #300, 6174 University Boule- 
vard, Vancouver, B.C. V6T 1W5. : (NW1911)A 
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PLANT 
BIOLOGIST/ BIOCHEMIST 


Bristol 


_ £11,500-£12,700 


An opportunity has arisen in our Research function in- Вів for a scientist to study the growth 


and physiology of tobacco cell cultures. 


Candidates should have a degree in biochemistry, Ко or a related subject, a sound knowledge 
of plant metabolic pathways and some experience of cell culturing techniques. The job demands a 
self motivated approach and considerable creative and innovative ability. 

We offer a progressive salary scale starting at £11,500 and rising to £12,700, together withį pension 
-and sickness benefit schemes. Working hours aré based on flexitime and we have superb sport and 
social facilities at our Athletic Club, as well as excellent on site staff facilities. 

Please send full CV or write/telephone for an application form to Mr. A. W. L. Mortimore, 
Personnel Services, Imperial Tobacco Limited, P. о. Вох 244, нае Bristol BS99 70]. 


Tel. Bristol (0272) 781111 Ext. 2206. 





‚ (6955)А 


Imperial Tobacco Limited 


Imperial Tobacco i is an ‘equal. opportunity employer. 


INTERNATIONAL CROPS 
RESEARCH INSTITUTE 
FOR THE SEMI-ARID TROPICS 

‚ (UICRISAT) Ta е 
ndia 


. invites applications for . 
PRINCIPAL PLANT PATHOLOGIST ` 
. (PULSES) | 


To lead the pulses (chickpea апа pigeonpea) pathology team in 
the development, execution, and reporting of results of plant 


disease research projects that meet the needs of the interdisci- - 


plinary, international Pulses Improvement Program, and partici- 
pate in activities that contribute to the achievement of the Insti- 
tute's research and training objectives. The major emphasis for 
disease control research is on the identification and utilization of 
stable and durable host plant resistance. A Ph.D. in Plant Pathol- 
ogy, and at least 7 years relevant research experience are re- 
quired. Proficiency in English and a willingness to travel fre- 
quently in the chickpea — and pigeonpea — growing regions ¢ of 


the world are essential. ‘Tropical agricultural research experience, ' | 
is desirable. The appointee will be based at the ICRISAT Center, E 
Patancheru, 30 km NW of Hyderabad. Hyderabad offers. good 


access by arr to international airports and has good living condi- 
tions, recreational and medical facilities. Educational facilities 
exist for children to the: age of eleven or twelve. 


Salaty at principal staff level, according to qualifications and 


experience. Send' résumé, including present salary level, апо 


names of three referees, via air mail, to: 


Director General, ICRISAT Patancheru P. o, 
A. P. 502, 324, India. 


within 60 days from the date of advertisement. 
‚ (N1974)A 


is a biotechnology company with laboratories in 
Switzerland and the United States, developing com- 
mercial applications of molecular biology in the 
areas of agriculture, chemicals, рте дсернов ів 


‚апа energy. 


Іп Geneva a vacancy now exists for а 
SCIENTIST 


‘to work in the area of 
"FERMENTATION TECHNOLOGY 
The ideal candidate should: 
— hold at least an M.SC. or equivalent; 
— have experience of bacteria, yeast and fungi; 


' — have experience in laboratory and pilot plant 


1: fermentation techniques; 
— have extensive experience in the use of ' 
computers тог bacterial fermentation; 


-— befluent in English and have good knowledge of 


. French. 

Please send your résumé accompanied by the 
names and addresses of at least three references 
whom we may contact on your behalf to 

BIOGEN S.A: 

Personnel Manager 

46, Route des Acacias 

1227 Carouge — Geneva 

Switzeriend 
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Department of Agriculture and Rural Affairs 


ANIMAL RESEARCH INSTITUTE, WERRIBEE, 
VICTORIA, AUSTRALIA 3030 


AGRICULTURAL RESEARCH OFFICERS 


(3 years) Three Positions 


Salary Range: Science-3, $30,598 — $30,755 (2 positions) 
Science-2, $26,697 — $29,167 (1 position) 
We аге seeking to appoint 3 people to under- 
take research into the management of livestock production 
systems using systems research techniques. 


(1) SCIENCE-2, Position No. Ex.1039 
(2) SCIENCE-3, Position No. Ex.1040 


(Appointment is based on qualifications and experience) 


More specifically, the successful applicants for these two posi- 
tions will be required to develop computer programs for use by 
extension officers in formulating farm management decisions for 
either prime lamb or beef producers. 


(3) SCIENCE-3, Position No. Ex.1041 


More specifically, the successful applicant for this position will 
be required to identify opportunities for improving the profitabil- 
ity of wool production. 


Applicants for all positions must have completed a degree or 
diploma in Science, Agricultura! Science or an equivalent 
qualification. 


It is desirable that applicants have: an extensive knowledge of 
computing systems and simulation modelling; broad knowledge 
of plant and animal physiology and farm management practices; 
experience and expertise in computer systems and simulation 
studies, preferably in relation to agriculture, knowledge of Vic- 
torian or other prime lamb or beef production systems would be 
an advantage for positions nos. Ex.1039 and 1040; knowledge of 
Victorian or other wool production systems would be an advan- 
tage for position no. Ex.1041. 


The successful applicants will be joining a small experienced 
team based at Werribee, with Statewide responsibilities for 
implementing the program 

Employment in these positions is initially authorised for 12 
months but is expected to be extended to 3 years. 


Written applications are invited from men and women quoting 
the relevant position nos. and giving details of qualifications and 
experience and a contact telephone number. Applications 
should be forwarded to the Director of Personnel, Department of 
Agriculture and Rural Affairs, 166 Wellington Parade, East 
Melbourne, Victoria 3002, Australia, by the close of business on 
July 12, 1985. 


For further information contact Dr. D. A. White on (03) 7411300. 
(W1979)A 


NEUROENDOCRINOLOGIST 
Department of Physiology 


QUEEN'S UNIVERSITY 


A vacancy exists for an experienced neuroendocrinologist. The 
preferred applicant should have the Ph D and/or the M.D 
degree, several years teaching experience and a record of inde- 
pendent research of high quality. The applicant will be expected 
to lead an active research program and to participate in under- 
graduate and graduate teaching. The facilities for research are 
outstanding and the appointment is a regular one under tenure 
regulations. The appointment will be made at a level appropriate 
to the candidate's qualifications 


Applications are encouraged from candidates of either sex. 
Applicants should submit a curriculum vitae, a brief statement of 
their research interests and objectives, selected reprints, and the 
names of three referees from whom a confidential assessment of 
research and teaching abilities may be obtained to: Dr. V. C. 
Abrahams, Department of Physiology, Queen's University, 
Kingston, Ontario, Canada K7L 3N6. (Second Advertisement). 
(NW1870)A 
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THE AUSTRALIAN NATIONAL UNIVERSITY 


Applications are invited from suitably qualified men and women for 
appointment to the following positions: 


Research School of Biological Sciences 


DEPARTMENT OF DEVELOPMENTAL BIOLOGY 
POSTDOCTORAL FELLOW GRADE I/RESEARCH FELLOW 


A post is available from 1 January 1986 for studies of the nature and 
function of cytoskeletal components of plant cells. Experience of tech- 
niques of protein biochemistry is required Postdoctoral experience is a 
prerequisite for appointment as Research Fellow. The appointee will be 
expected to develop independent and/or collaborative research pro- 
grammes with other members of the Department who are using tmmuno- 
logical and microscopical techniques to study the plant cell cytoskeleton. 
Knowledge of plant systems is desirable but applications from animal cell 
biologists will be welcome 


Closing Date 1 September 1985 Ref: BS 6 6.1 


DEPARTMENT OF NEUROBIOLOGY 
POSTDOCTORAL FELLOW GRADE I/RESEARCH FELLOW 


A position is available from fate 1985 for analysis of the invertebrate 
nervous system by any of the modern single-cell techniques such as 
microelectrode recording, monoclonal techniques, neurochemistry or on- 
line data analysis of neuron activity. The appointee will be expected to 
develop independent and/or collaborative research programmes with 
other members of the Department. Two positions may be available. 


Closing date. 1 August 1985 Ref: BS 6 6.2 


VIRUS ECOLOGY RESEARCH GROUP 
POSTDOCTORAL FELLOW GRADE I/RESEARCH FELLOW 


A position is available from 1 January 1986 for studies of the molecular 
evolution of viruses. Experience of techniques of protein and nucleic acid 
biochemistry, especially nucleic acid sequencing, is required. Experience 
with viruses would be helpful but is not essential. The appointee will be 
expected to develop a collaborative research programme with other 
members of the Group, this might involve studies of viruses from one or 
other of the poxvirus, orthomyxovirus, tymovirus or tobamavirus groups. 


Closing date. 1 September 1985 Ref: BS 6.63 


CONDITIONS OF APPOINTMENT: Salary will be in accordance with qual- 
ificattons and experience within the range. Research Fellow $A26,236- 
$34,467 p.a.; Postdoctoral Fellow Grade | $A22,614-$25,905 p.a. Current 
exchange rate $A1=UK 50p 

Appointment, unless otherwise stated, will be: Senior Research Fellow/ 
Research Fellow normally up to three years with the possibility of exten- 
sion to maximum of five years; Postdoctoral Fellow normally two years, 
with the possibility of extension to maximum of three years. 

Grants are provided towards travel and removal, though special condi- 
tions may apply to persons appointed to externally funded positions 
Assistance towards housing i5 given to an appointee from outside 
Canberra, Eligible appointees wili be required to join the Superannuation 
Scheme for Australian Universities. Maternity leave is available. The Uni- 
versity reserves the right not to make an appointment or to make an 
appointment by invitation at any time. Applicants should quote the adver- 
tisement reference when requesting further particulars and when submit- 
ting applications, which should be sent to the Acting Registrar of the 
University, GPO Box 4, Canberra, ACT 2601, Australia. Further information 
also available from the Secretary General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, London WC1H OPF 

THE UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1983}A 


PLANT BREEDING INSTITUTE 
PLANT PHYSIOLOGIST 


required for a period of two years, supported by EEC funding, for 
research on the drought resistance of dryland rice. The work will 
involve the testing of breeding lines of rice which differ in their 
capacity to accumulate abscisic acid and to measure the con- 
sequences for growth, tissue water relations and water use effici- 
ency under conditions of limited water supply. Most of the work 
will be done at Cambridge but a working visit overseas will also 
be necessary. 

Candidates should have a first or upper second class honours 
degree in an appropriate biological subject, with at least two 
years’ postgraduate experience and a good knowledge of plant 
water relations. 

Appointment will be at Higher Scientific Officer (£7,788 to 
£10,541 pa). Applications with c.v. and names and addresses of 
three referees should be sent to the Establishment Officer, Plant 
Breeding Institute, Maris Lane, Trumpington, Cambridge CB2 
2LQ, quoting reference PHY/219 by 18th July 1985. 

Further particulars available on request. 


The Institute is an Equal Opportunities Employer. (6919)A 
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DIRECTOR 


Herzberg Institute of Astrophysics 
Ottawa, Ontario 


The Institute 


The National Research Council of Canada invites applications for the position of Director of its Herzberg Institute of Astrophysics whose 
headquarters are located in Ottawa, Canada. The Institute, which was created in 1975, is engaged in basic research in astrophysics and 
related topics. It carries out programs in optical and radio astronomy, optical and microwave spectroscopy, and space science. 


In addition to its Ottawa laboratories, the Institute operates: 

the Dominion Astrophysical Observatory in Victoria, British 
Columbia 
the Dominion Radio Astrophysical Observatory at Penticton, 
British Columbia 
andthe Algonquin Radio Observatory at Lake Traverse, Ontario 
and itis a major participant in the support and use of the Canada- 
France-Hawaii telescope. 


The Position 


Reporting to the Vice-President (Physical Sciences and 
Engineering), the Director will be responsible for planning, 
organizing, implementing and controlling the Institute’s 
programs and will advise management on long term research 
goals. The Institute has a personnel complement of 
approximately 200, of whom about 50% are professional 
scientists and engineers, and an annual operating budget of 
approximately four million dollars excluding salaries. 


E National Research Conseil national 
Council Canada 


POSITION ANNOUNCEMENT — 
ENTOMOLOGIST 


The International Rice Research Institute announces a vacant 
position for Entomologist at its headquarters in Los Banos, 
Philippines. The candidate will provide leadership for research 
and training in host plant resistance. Duties include development 
of research methodologies using modern instrumentation; 
insect rearing techniques; research on various aspects of screen- 
Ing rice germplasm for resistance to insects; study of the nature 
and causes of resistance and emergence of sect biotypes: 


The scientist should work closely with plant breeders on the 
development of insect resistant rice cultivars and in the study of 
the genetics of resistance to insects in plants; and should direct 
research programs of PhD, MS, and nondegree scholars. 


Candidates should be preferably under 40 years of age, 
possess a PhD in agricultural entomology with training and 
experience in host plant resistance. The candidate must be a 
teamworker and be able to work closely with plant breeders and 
an inter-disciplinary group of scientists in an international sett- 
ing. The candidate must have an appreciation of the role of host 
plant resistance in Integrated Pest Management and have a genu- 
ine interest in working with weed scientists, plant pathologists 
and other entomologists in the development of integrated pest 
control programs. 


IRRI is dedicated to assist developing countries improve the pro- 
ductivity and stability of their rice farming systems. It has well 
equipped and well staffed laboratories and field research 
acilities. 


Interested persons should apply by 25th July 1985 with a copy of 
their biodata, a summary of their research accomplishments, a 
list of their publications and names of three referees to: 


Dr. M.S. Swaminathan 

Director General 

International Rice Research Institute 
P.O. Box 933 

Manilla, Philippines 








(W1975)A 


The Candidate 


The person appointed will have an established reputation for 
outstanding leadership in research and the ability to lead, 
manage and coordinate the activities of the Institute. Candidates 
will have a doctorate in astronomy or related physical science 
and a distinguished record of achievement in science, as well as 
demonstrated ability in research management. 


SALARY will be commensurate with qualifications and is 
supplemented by a competitive benefits package including 
relocation allowance. 


PLEASE SENT DETAILED RÉSUMÉ IN 
CONFIDENCE TO: 
General Manager 
Personnel Branch 
National Research Council of Canada 


Ottawa, (Ontario), Canada, K1A OR6. 


de recherches Canada 


INTERNATIONAL Rice RESEARCH INSTITUTE 


(NW1897)A 


Canada 





Applications are invited for a position in neurophysiology at the 
Assistant Professcr level in the Department of Physiology at the 
University of Manitoba Faculty of Medicine. Candidates should 
have a PhD or equivalent, with two or more years of post- 
doctoral training. Preference will be given to individuals with 
experience and a continuing interest in electrophysiological 
analysis of neural networks and/or neurotransmitter actions 
using /n vitro or in vivo systems Send curriculum vitae, an 
outline of future research plans, and arrange for three letters of 
reference to be forwarded to: Dr. Henry G. Friesen, 
Professor and Head, Department of Physiology, The 
University of Manitoba, 770 Bannatyne Avenue, 
Winnipeg, Manitoba, R3E OWE Canada. Deadline for receipt 
of applications is 1 September 1985 In accordance with 
Canadian immigration requirements this advertisement is 
directed to Canadian citizens and permanent residents. 
(NW1857)A 


THE DEPARTMENT OF GENERAL MICROBIOLOGY 
of the 
UNIVERSITY OF BERN 
SEEKSA 


PROFESSOR OF MICROBIOLOGY 


with particular interests in molecular biology Applicants should 
be experienced in the area of genetics of eukaryotic 
microorganisms. 

For further information contact Prof R. Braun, Department of 
General Microbiology, Baltzer-Strasse 4, 3012 Bern. 
Applications including CV, list of publications, information of 
teaching experience, research activity and possible references 
should be sent by September 15, 1985, to Erziehungsdirektion 
des Kantons Bern, Abteilung Hochschulwesen, Sulgeneckstr. 70, 
3005 Bern, Switzerland. (М/1966)А 
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INTERNATIONAL CROPS 
RESEARCH INSTITUTE 
FOR THE SEMI-ARID TROPICS 
(ICRISAT) 
near Hyderabad, India 


invites applications for 


PRINCIPAL GROUNDNUT BREEDER 


To assume the leadership of an ongoing international research 
program 1n groundnut breeding that aims to produce high- 
yielding cultivars with resistance on fungal and virus diseases, 
insects and other pests, and drought, and breeding for earliness, 
high yield, and quality factors To work ın close collaboration with 
a multidisciplinary team to ensure adequate evaluation of breed- 
ing stocks for resistance traits and field performance To develop 
and evaluate international trials and cooperative projects with 
national and regional programs. A Ph.D. in Plant Breeding with at 
least 7 years research experience, an excellent command of 
written and spoken English, and a willingness and ability to travel 
frequently are essential. Experience in tropical agricultural and 
multidisciplinary team research and an ability to speak French 
are desirable. The appointee will be based at the ICRISAT Center, 
Patancheru, 30 km NW of Hyderabad Hyderabad offers good 
access by air to international airports and has good living condi- 
tions, and recreational and medical facilities. Educational facili- 
ties exist for children to the age of eleven or twelve. 


Salary at principal staff level, according to qualifications and 
experience. Send résumé, including present salary level, and 
names of three referees, to. 


Director General, ICRISAT Patancheru 
P.O., A.P. 502 324, India 


within 60 days from the date of advertisement. 
(W1973)A 


Director of In Vitro Fertilization 
Laboratory 


ASSISTANT/ASSOCIATE 
PROFESSOR OF 
CLINICAL OB/GYN 


Ph.D. with post doctoral training, experienced 
in in-vitro fertilization to develop new program. 
Interested persons are invited to submit vitae 
by September 15, 1985, to: 


J.W. Roddick, M.D., 
Chairman 

Department of OB/GYN 
Southern Illinois University 
School of Medicine 

P.O. Box 3926 

Springfield, IL 62708 


SIU is an affirmative action equal opportunity 
employer. (NW1919)A 
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КЕРЕ E 
‘NEW BLOOD’ LECTURER IN 
BIOCHEMISTRY (CELL BIOLOGY) 


(re-advertisement) 


Applications are invited for a ‘New Blood’ Lectureship in Bio- 
chemistry, tenable from October 1st 1985. Candidates should 
have experience in mammalian cell biology, preferably in areas 
related to those of Professor Lloyd’s research group, which in- 
clude pinocytosis, lysosome function and membrane transport. 
Salary in the range £7,520 — £14,925 pa. Applicants should be 35 
or under at the commencement of appointment, and should not 
currently hold a permanent University appointment in the United 
Kingdom. 

Further particulars and application forms are available from The 
Registrar, University of Keele, Staffordshire, ST5 5BG. Closing 
date for applications: 12 July, 1985. 


Previous applications will be reconsidered, and re-application is 
unnecessary. (6918)A 


UNIVERSITY OF ABERDEEN 
Department of Bio-Medical Physics and 
Bio-Engineering 
LECTURESHIPS (2) 

IN ELECTRONIC ENGINEERING 


Applications are invited for two posts of LECTURER IN 
ELECTRONIC ENGINEERING applied to Medicine, each with ac- 
tive hospital involvement, to join team of international renown in 
the Department to design, build and teach modern micro- 
electronic systems. One of the posts is responsible for technical 
staff on a preventive maintenance service for hospital electronic 
equipment. Practical people are required who like to roll up their 
sleeves and make it work. 


Salary on Lecturer Scale: £7,520 — £14,925 per annum, with 
appropriate placing, according to qualification and experience 
(scale under review). 


Further particulars and application forms from The Secretary, 
The University, Aberdeen, with whom applications (2 copies) 
should be lodged by 22 July 1985. (6921)A 


ORGANIC GEOCHEMIST 
STANFORD UNIVERSITY 


The School of Earth Sciences is intent on adding a new program tn organic 
geochemistry and is seeking an individual with a solid geologic perspective to 
lead this effort Current research in all four departments tn the School including 
Applied Earth Sciences, Geology, Geophysics, and Petroleum Engineering mn- 
volves work on sedimentary systems and we view organic geochemistry as an 
emerging tool of fundamental importance to these studies We also think that 
organic geochemistry constitutes a field of especially exciting potential for the 
future studies of the origin and fate of organic matter in modern and ancient 
sedimentary environments, chemical fossils, sedimentary hosted mineral de- 
posits, petroleum geochemistry, as well as applications to study of the tectonic 
and sedimentary evolution of continental margins 

Applicants for this tenure-track position should have an established research 
record involving application of organic geochemistry to geological questions, an 
enthusiasm for teaching, and a clear ability to garner and maintain support for 
their research program We invite applications from both junior and senior 
Scientists but we are most interested in finding a mid-career scientist of inter- 
national reputation who is stimulated by the challenge of establishing a new 
program within the unusually diverse intellectual and geological environment 
offered by the San Francisco Bay region, Stanford University, and the School of 
Earth Sciences 

Applicants should send a letter outlining their research and teaching interests 
along with vita including the names of three individuals familiar with their work 
to 

Prof. James C. Ingle, Chairman, Search Committee, 
Department of Geology, School of Earth Sciences, 
Stanford University, Stanford CA 94305 

The level of this appointment is open and may be at Assistant, Associate, or Full 
Professor depending upon the individual selected Application deadline is 
September 30, 1985 
Stanford University is an Equal Opportunity Employer and we especially en- 
courage applications from women and minority students (NW1882)A 





NATURE VOL 315 27 JUNE 1985 


Southampton 
THE 
UNIVERSITY 


PROFESSOR OF HUMAN 
MORPHOLOGY 


Applications are invited from grad- 
uates in medicine or sctence for an 
established Chair of Human Mor- 
phology Further details may be 
obtained from the Secretary and 
Registrar, the University, 
Southampton, SO9 5NH, to whom 
applications (10 copies from per- 
sons in the UK) should be sent be- 
fore 23 August 1985. (6930)A 


TWO POSTDOCTORAL 
POSITIONS . 


are available immediately for a 
Ph.D. biochemist and a molecular 
biologistto participate in studies of 
gene regulation by steroid recep- 
tors. Projects include the purifi- 
cation and characterization of 
human estrogen and progesterone 
receptors, cloning of the corres- 
ponding genes and preparation of 
monoclonal antibodies. Experi- 
ence with steroid receptors, pro- 
tein purification and analysis, mon- 
осіопа! antibody production and/ 
or recombinant DNA techniques is 
desired. Salary is negotiable. 

Send curriculum vitae and three 
letters of references to: Dr 
Geoffrey L. Greene, The University 
of Chicago, Ben May Laboratory 
for Cancer Research, 5841 S. 
Maryland, Chicago, Illinois 60637. 

(NW1903)A 


UNIVERSITY OF MUNICH 
Department of Physiology 
NEUROPHYSIOLOGIST 


16 month postdoctoral posi- 
tion available 9/85 to study 
neuronal plasticity and epilep- 
togenesis in mammalian brain 
slices. 
Curriculum vitae and names of 
2 referees to: 
Dr. N. Galvan, Physiologisches 
Institut, Pettenkoferstr. 12. 
8000 Munich 2, W. Germany. 
Tel: 0049-89-5996250. 
(W1970)A 
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"a т i m 
»ection Leauer 
Molecular Biology Development 
attractive salary + car: Rural South Bucks 


Amersham International, a highly successful British company is a market leader 
producing a wide range of high technology products for life science research, 
medicine and industry. 

We now have an interesting opportunity for an innovative scientist to join our 
Molecular Biology Development section and lead a team of about ten dedicated 
professionals in the development of a wide range of novel products to facilitate 
advances in this field. 

To meet the demands of Biotechnology, the section has developed a number of 
products for DNA sequencing, nick translation, in vitro RNA synthesis, in vitro 
packaging, in vitro protein synthesis, vectors and hybridisation membranes, as well 
as its renowned high quality radiochemicals. The section plays an increasingly 
important role in the Division's business strategy and is currently developing an 
important range of new products. ' 

Reportingto the head of Molecular Biology Development, you will be responsible for 
helping to identity new product opportunities and for developing these through your 
team to the. successful launch of new products. 

Probably a post-doctoral scientist with several years’ experience in recombinant 
DNA technology you must be able to demonstrate a blend of managerial skills and 
appropriate technical knowledge vital for this position. 

Salary will reflect both qualifications and experiénce and will be enhanced by a 
benefits package which includes 25 days' holiday, a generous pension scheme, and 
relocation assistance, where appropriate. 

Please write, detailing yourcareer to date, to Simon Voake (SV) atthe address below 
or telephone Little Chalfont (02404) 4488, ext. 3569 for an application form. 


' Amersham International plc . ' (6985)A 





































White Lion Road, Amersham 
Buckinghamshire 


Amersham Laboratories 
rsham 





POSTDOCTORAL POSITIONS 
HOWARD HUGHES MEDICAL INSTITUTE/ 


POSTDOCTORAL 
POSITION 


HEAD OF DEPARTMENT OF 
GEOLOGY & PHYSICAL SCIENCES 


available Sept. 1, 1985 for an- 
alysis of genes of the chicken 
major histocompatibility com- 
plex (MHC). Background in im- 
munology, genetics and/or 
biochemistry required. 

Send curriculum vitae and 
names of three references to: 
Dr. Carol M. Warner, Depart- 
ment of Biochemistry, lowa 
State University, Ames, 
IA 50011. (NW1916)A 








AN 


p 


NA 


PHILADELPHIA L 
Fully funded postdoctoral positions in molecular biology and 
molecular genetics are now available at the Howard Hughes 


Medica! Institute of the University of Pennsylvania. Active re- 
search projects inciude: transcriptional and translational control 
of eukaryotic gene expression, mechanisms of cellular transfor- 
mation and,gene amplification, molecular mechanisms of chro- 


matin inactivation and the application of molecular genetics to 
studies of inherited disease. 
For infomation please contact: | 
Dr. Steve Liebhaber, Coordinator 
Howard Hughes Medical Institute 
Department of Human Genetics 
Medical Labs Buliding/G3 EM 
University of Pennsylvania School of Medicine 
Philadelphia, PA 19104 (NW1869)A 


І 
| SUSSEX CLINICAL RESEARCH | 
CONSULTANTS LIMITED 
'has vacancies for “224 


-— 











Oxford Polytechnic invites applications from people qualified to provide academic leader- 
ship in this key department which offers courses in geology, physical sciences, physics 
and chemistry. Applicants should have a substantial record in research. Appropriate 
industrial experience would be an advantage. 


The post is vacant from 1 September 1985 Salary will be in the range £17397 — £19170 
per annum (under review from 1 April 1985) 


Further particulars and application forms may be obtained from the Staffing Office, ext 404 
Closing date for applications 12 JULY, 1985 
Gipsy Lane, Headington, 
Oxford, OX3 ОВР 

Telephone: 
Oxford 64777 





CLINICAL RESEARCH ASSOCIATES 


to assist with contract clinical research projects in both 
Phase HI and Phase IV. Previous experience is essential. 
These posts would suit graduates in the life sciences, and 
will make demands on their management abilities. 
Salary £9,500 — £10,000. -- car. 
Application with full curriculum vitae to: 

NICK PLATT, SCRCLTD, LOXFIELD CHAMBERS 
GRANGE ROAD, UCKFIELD, EAST SUSSEX TN22 1QU 
Telephone: 0825-5025. Telex: 878110G 

(6937)A 
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FACULTY POSITIONS IN 
ELECTRICAL ENGINEERING 


(SOLID STATE DEVICE AND 
MICROELECTRONICS AREA) 


The Pennsylvania State University at University Park, Pennsylvania invites 
applications for tenure track faculty positions at the Assistant Associate 
and Full Professor ranks in Electrical Engineering in the area of Solid State 
Device and Microelectronics Applicants should have an earned doctorate 
in electrical engineering, engineering physics or related fields, and have 
demonstrated the ability to conduct research and teaching in the field of 
Solid State Device and Microelectronics 


The successful candidates are expected to join the existing effort in the 
solid state device research and help develop it into one of prominence. The 
College of Engineering has made substantial commitments to support this 
program by hiring of an endowed professor in this area 


Currently, research in the solid state device and related materials area 
includes research in silicon device processing, such as plasma and re- 
active ion etching, thermal nitridation of silicon and various oxide research 
including ultra-thin oxides, and defect control. In addition, research in II-V 
device area includes material defects, electrical noise and performance 
improvement of micron and sub-micron stuctures 


Combined research in the solid state device area typically amounts to 
about one million dollars annually Collaborative research opportunities 
exist with the Materials Science department, Engineering Science and 
Mechanics department, the Chemistry and the Physics departments and 
the Materials Research Laboratory at Penn State. 


Résumés, or inquiries should be directed to the following address by no 
later than September 15, 1985, or until suitable candidates are identified 


Advisory Committee 


Department of Electrical Engineering 
Box H, 129 Electrical Engineering East 


University Park, PA 16802 


An Equal Opportunity/Affirmative Action Employer 





(NW1909)A 





UNIVERSITY OF DUNDEE 


Ninewells Hospital and Medical 
School 


DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 


POST-DOCTORAL 
SCIENTIST 
(IN VITRO 
FERTILIZATION) 


A Post-Doctoral Scientist, with a 
PhD in some arca of biological or 
medical science, ts required to un- 
dertake rescarch and supervise a lab- 
oratory for in vitro fertilisation in the 
treatment of human fertility within 
the Division. of Obstetrics and 
Gynaecology in а newly funded Unit 
of Reproductive Medicine. Equal 
emphasis 15 placed on the research 
potential of IVF. cryopreservation, 
and other areas relevant to infer- 
uhty 


A cytogeneticist as well as sup- 
porting technical and clerical/secre- 
tarial staff are also to be appointed 
and the on-site facilities. which are 
excellent. include an endocrine 
laboratory. 


The appointment is available at 
this stage for three years and will be 
made within the Research and Ana- 
logous Staff Range IA scale (cur- 
rently £7.520 — £12,150 but due for 
reviston) with initial placing depen- 
dent of qualifications and experi- 
ence 


Enquiries about the post may be 
made to Dr John Mills at Ninewells 
Hospital and Mcdical School (tele- 
phone Dundee (0382) 60111) 


Applications (2 copies) containing 
full career details and the names of 3 
referees should be sent by I Ith July 
1985 to the Personnel Officer. The 


University. Dundee DDI 4HN. 
Please quote reference EST/72/85J 
(6922)A 








PUBLIC HEALTH 
LABORATORY SERVICE 
BOARD 


PHLS Centre for Applted 
Microbiology and Research 


VACCINE RESEARCH AND 
PRODUCTION LABORATORY 


Basic Grade Microbiologist 


A research programme has been in- 
itiated to develop a live attenuated 
vaccine against Rift Valley Fever. 
The programme is a collaborative 
project between VRPL in CAMR 
and the NERC Institute of Virology 
at Oxford The work at CAMR will 
fall into two categories Firstly the 
location. of the genetic material 
coding for the attenuated virus 
репоүре will be determined. 
econdly, in vivo model systems for 
Rift Valley Fever will be used to 
compare the тоору of virulent 
and attenuated virus strains. 


Applicants should have a good 
degree in Microbiology and/or Bio- 
chemistry. Preference will be given 
to candidates with previous research 
experience in animal virology 


The post will be for 3 years and 
further details can be obtained from 
Dr J R Stephenson (Tel. (0980) 
610391) 


Salary: £6.559 rising to £7.063 by 
annual increments 


National Health Service terms and 
conditions will apply. 


Closing Date: 31 July 1985 


Application forms are obtainable 
from the Personnel Officer. PHLS 
Centre for Applied Microbiology & 
Research. Porton Down. Salisbury. 
Wiltshire 5Р4 OJG. Telephone 
Idmiston 610391. 


Please quote Post No 72 when 
applying (6924)A 


UNIVERSITY COLLEGE 
CORK 


RESEARCH POSITIONS IN 
MICROBIOLOGY/ 
BIOTECHNOLOGY 


POSTDOCTORAL 
RESEARCH ASSOCIATES 


(2) 


To work on projects involving mol- 
ecular genetics of plant-microbial in- 
teractions — 


‚ (a) To investigate genes involved 
in carbon metabolism in rhizobium 
(Genetic Engineering) 


(b) To investigate the regulation 
of carbon metabolism in Rhizobium 
and plant growth promoting pseudo- 
monas SPP. (Biochemical-Genetics/ 
Physiology) 


Positions are available from 1 July 
1985 and salary will be in the range - 
IR£8,596 — IR£11,173 (less PRSI 
contribution) according to experi- 
ence. 


Applications including a cv and 
the names of two referees should be 
sent as soon as possible to Dr F 
O’Gara, Microbiology Department 
University College, Cork, Ireland, 
from whom further particulars are 
available. (6885)A 


UNIVERSITY OF DURHAM 


LECTURESHIP IN 
THEORETICAL PHYSICS 


Applications are invited for a ‘New 
Blood’ Lectureship in Theoretical 
Particle Physics to be held jointly in 
the Departments of Mathematical 
Sciences and Physics and tenable 
from | October 1985 or as soon as 
possible thereafter. The successful 
applicant may work on any aspect of 
theoretical particle physics. 


Salary on the scale £7,520 — 
£14,925 with USS (under review) 


Applications (3 copies) naming 
three referees should be sent by 19 
July 1985 to the Registrar, Science 
Laboratories. South Road, Durham 
Юні 3LE. from whom further par- 
ticulars may be obtained. (6927)A 


RESEARCH ASSOCIATE 


Position available as of 1 October 
1985 for the duration of up to 5 years 
(the salary will be in the range of DM 
65.000, — to 70 000. — according to 
BAT ШШ tariff) The project in- 
volves investigation of primary pro- 
cesses of water cleavage in photosyn- 
thesis. Method: pulse spectroscopy. 
biochemistry, ESR, etc. 


Applicant should have a very good 
degree in chemistry or physics 
Knowledge of German is desired 
Possibility for further qualification 
(1e PhD) 1s given 


Applications with two references 
should be addressed to: Prof Dr H T 
Witt, Max-Volmer-Institut for Bio- 
physical and Physical Chemistry. 
Technische Universitat — Berlin. 
Strasse des 17 Juni 135. 1000 Berlin 
12 (W1972)A 
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THE UNIVERSITY OF 
SHEFFIELD 


DEPARTMENT OF 
BIOCHEMISTRY 


PROTEIN 
ENGINEERING OF 
GLUTAMATE 
DEHYDROGENASE 


A postdoctoral research assistant, 
supported by SERC is required from 
1 October 1985 to join a multi disci- 
plnary team involved in a pro- 
gramme of site directed mutagenesis 
on the enzyme Glutamate Dehydro- 
genase The appointee would be ex- 
pected to work primarily in the area 
of molecular stucture determination 
with the aim of predicting and ana- 
lysing the effects of mutations on en- 
zyme structure and function Appli- 
cants should have experience in 
crystallography, preferably protein 
crystallography. 


The appointment will be for a 
fixed term of three years with the 
mitial salary in the range £7,520 — 
£8,920 on scale 1A for Research and 
Analogous staff Applications in- 
cluding a copy of a curriculum vitae 
and the names of three referees 
should be sent to Dr D W Rice at the 
Department of Biochemistry, the 
University. Sheffield S10 2TN, not 
later than 19 July 1985 Quote ref. 
R295/G (6933)A 


THE UNIVERSITY OF 
SUSSEX 


LECTURER IN PLANT 
PHYSIOLOGY 


in the School of Biological Sciences, 
from ist October 1985 to 30th 
September 1986. Applications are 
invited from qualified men and 
women with a primary interest in 
Environmental! Physiology 


Salary on the Lecturer scale 
£7,520 to £14,925 pa. 


Send self-addressed envelope (6” 
X 9”) for further particulars and an 
application form to Mrs L Vivian, 
Personnel! Office, The University of 
Sussex, Falmer, Brighton, BN1 
9RH. Closing date for applications 
Friday 19th July 1985 (6979)A 


UNIVERSITY OF LONDON 


British Postgraduate 
Medical School 


THE CARDIOTORACIC 
INSTITUTE at the 
BROMPTON HOSPITAL 


CYSTIC FIBROSIS DEPARTMENT 
MLSO 


Required for routine and research 
work involving contact with patients. 
Experience in immunological tech- 
niques desirable. Salary depending 
on age and experience, range £5,738 
— £6,726 + £1,084 London Weight- 
ing. The post is for one year initially. 


Applications, together with cur- 
riculum vitae and names and 
addresses of two referees to The Sec- 
retary, Cardiothoracic Institute, 
Fulham Road, London SW3 6HP by 
8 August 1985 (6977)A. 
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THE ROWETT RESEARCH | UNIVERSITY OF LONDON 


INSTITUTE 
Bucksburn, Aberdeen, 
АВ2 9SB 


MICROBIAL GENETICIST/ 
BIOCHEMIST 
HSO/SSO GRADE 


Applications are invited for this post 
in the Microbial Biochemistry 
Department 


The Rowett Research Institute is 
the foremost agricultural institute in 
the UK carrying out fundamental re- 
search into the nutrition of man and 
farm animals. The Microbial Bio- 
chemistry Department contributes 
to this programme in studying the 
microbiology of the alimentary tract 
as it relates to the nutrition of the 
host animal A highly innovative 
young scientist is required to initiate 
studies which will examine the 
rumen from a new angle, that of a 
geneticecosystem Areas hkely to be 
explored in the first instance are the 
spread of resistance factors to feed- 
lot antibiotics in vivo and in mixed 
cultures in vitro, and the regulation 
of expression of enzymes involved in 
the breakdown of plant fibre and 
protein 


The successful applicant will prob- 
ably be a PhD graduate with some 
postaoctoral experience. A genetics 

ackground might be helpful but 1s 
not essential More importance 1s 
attached to the scientific ability of 
the candidate Scientists with a more 
general microbiology, biochemistry 
and molecular biology experience 
are therefore encouraged to apply. 
Training in rumen microbiology will 
be given within the Institute, and ıt 1s 
envisaged that a proportion of the 
work in the first year will be done at a 
leading microbial genetics labora- 
tory in the UK. 


Qualifications‘-— First or upper 
second class honours degree in 
Microbiology, Biochemustry or re- 
lated subject with at least 2 years 
relevant post-graduate experience 
ae grading and 4 years for 
S 


Salary Scales.— HSO £7,788 to 
£10,541 pa, SSO £9,772 to £12,653 
pa, with placing according to exper- 
lence. 


The position 1s Superannuable and 
the Institute is an Equal Opportuni- 
ties Employer. 


Applications in writing together 
with full CV and the names/ 
addresses of 2 referees should be 
sent to the Secretary of the Institute 
from whom further particulars are 
available. Tel. 0224 — 712751 (Ext 
338). 


Closing date 18th July 1985. 
(6917)A 


Please mention 


nature 


when replying to 
these advertisements 





INSTITUTE OF 
PSYCHIATRY 


DEPARTMENT OF PSYCHOLOGY 
Brain, Behaviour and Psychiatry 
Research Group 


POSTDOCTORAL 
RESEARCH WORKER AND 
RESEARCH STUDENT 


to work on the application of electro- 
chemical methods (in vivo intracere- 
bral voltammetry) to the study of be- 
haviour m the rat Applicants should 
have traming in either the biological 
aspects of psychology or biochemis- 
try, electrochemistry or pharma- 
cology 


Salary for the two-year post- 
doctoral appointment (MRC- 
supported) will be £7,520 — £9,860 
pa plus £1,233 London Allowance on 
the 1A scale for research workers, 
the Research Studentship will be on 
the same terms as an MRC Stu- 
dentship. 


Application forms for the Re- 
search Worker are available from 
the Assistant Secretary, Institute of 
Psychiatry, De Crespigny Park, 
Denmark Hill, London SE5 8AF 
quoting Ref JG/N. 


Applications for the Research 
Student, with the names of two ref- 
erees, should be sent to Professor J 
A Gray, Department of Psychology, 
Institute of — Psychiatry, De 
Crespigny Park, Denmark Hill, 
London SES 8AF 


Closing date for applications 12 
July 1985. (6940)A 





CHARING CROSS AND 
WESTMINSTER 
MEDICAL SCHOOL 


(University of London) 


DEPARTMENT OF BIOCHEMISTRY 
POST-DOCTORAL 
RESEARCH FELLOW and 
RESEARCH TECHNICIAN 


Applications are invited for the 
above posts for a 3-year project on 
the action of heparin and heparin 
sulphate and their derivatives on vas- 
cular smooth muscle cell matrix syn- 
thesis. Starting salary up to £8,920 pa 
plus £1,233 pa London Allowance 
for the Post-doctoral post and up to 
£6,420 pa plus £1.084 a London 
Allowance for the Technician de- 
pending on age and experience 


Applicants should have a degree, 
or equivalent, in biochemistry, cell 
biology or related discipline Pre- 
vious experience in tissue culture 
and/or extracellular matrix bio- 
chemistry would be an advantage. 
Further details from Dr R M Mason, 
Tel: 01-741 1958. 


Applications including a full cur- 
nculum vitae and the names of two 
academic referees should be sent to 
The Secretary, Charing Cross and 
Westminster Medical School, The 
Reynolds Building, St Dunstan's 
Road, London, W6 8RP, as soon as 
possible after the appearance of this 
advertisement (6936)A 
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THE UNIVERSITY OF NEW ENGLAND 


Department of Biochemistry, Microbiology 
& Nutrition 


RESEARCH INTO MODIFICATION ON 
RUMEN FERMENTATION 


SENIOR POSITION — 
MOLECULAR BIOLOGIST 


Equal Opportunity is University Policy 


A Molecular Biologist is required to establish a research group to 
study manipulation of rumen microbes using recombinant DNA 
techniques with a view to increasing fermentation of lignified 
orages. 


This new group will join an existin group of nutritional bio- 
chemists and microbiologists led by Dr J. Nolan and Professor R. 
Leng. Dr T. Bauchop recently accepted appointment as Senior 
Microbiologist with the group. 


The appointment is available immediately. It will be for three 
years initially, when the whole programme will be reviewed by 
he Australian Meat Research Committee which 1s funding the 
project. 


The appointee will be expected to attract and supervise post- 
graduate students as part of his/her duties 


Applicants must have extensive experience, research ability and 
a publication record appropriate to senior levels of appointment. 


Informal enquiries to Professor Leng 067 73-2707. 
Appointment will be dependent on experience, qualifications, 


and ability in one af the ranges: 


Professorial Fellow 
University Fellow 


A$54,948 pa 
А$46,397 ра 


Senior Research Fellow A$35,203—A$41,029 ра 
Assistance with travel and removal expenses available. 


CLOSING DATE: 
POSITION NO: 


1st August 1985 
502 


Applications including the names and addresses of three 
referees and stating the position number should be sent to the 
Staff Officer, University of New England, Armidale N.S.W. 2351, 
prior to the closing date. Applicants should forward a copy ot 

his advertisement to their referees and ask them to send their 
reports direct to the Staff Officer, Mr B.G. Turner, marking their 
envelopes 'Private and Confidential' and quoting the position 
number, before the above closing date so as to expedite the 


appointment process. 


THE NATURE 
CONSERVANCY COUNCIL 


HIGHER SCIENTIFIC 
OFFICER (Freshwater 
Botanist) 


The Scottish field unit and the Chief 
Scientists Directorate intend to 
appoint a botanıst to carry out a sur- 
vey of freshwater loch on Speyside 
and in the N of Scotland The con- 
tract, which will be for approxi- 
mately two years in the first place, 
but ts likely to be rewarded for at 
least a further year, wil. be based at 
Edinburgh 


Qualifications and Experience: 
Applicants should have a good 
degree in botany or another appro- 
priate biological subject, and at least 
two years postgraduate experience 
of freshwater survey work They 
must have a good working know- 
ledge of water-plants and be able to 

rive. 


Salary — Depending on qualifica- 
tions and relevant experience, 
£7,435 rising to £10,039. 


For further details and an apphca- 
поп form please contact Mr S 
Woodfield, Personnel 1, Nature 
Conservancy Council, Northminster 
House, Peterborough, PE] 1UA to 
whom completed application forms 
ae be returned by the 18 July 


The Nature Conservancy Council 
15 an equal opportunity employer. 
(693A 





MEDICAL RESEARCH 
COUNCIL 


Dunn Nutrition Unit Cambridge 
SCIENTIST 


Applications are invited from Post 
Doctoral Scientists with experience 
in human energy metabolism, to join 
a team studying nutrition and health 
in our field station in rural Gambia. 
The proposed studies involve the use 
of a whole-body indirect calorimeter 
to investigate physiological adapta- 
tions to low energy intakes with par- 
ticular emphasis on pregnancy and 
lactation The successful candidate 
will be expected to take joint charge 
of these studies and to co-ordinate 
them with our programme of stable 
isotope research. 


The appointment will initially be 
for two years of which 2-3 months 
wil be spent in Cambridge and 
Lausanne, Switzerland, undergoing 
training in calorimetery techniques 
The remaining time will be spent in 
our Gambia field station with six 
weeks home leave after one year. 
Depending on progress there should 
be a possibility of extension for a fur- 
ther two years The appointment will 
start in October 1985. Salary in the 
range of £8,920 — £11,205 plus over- 
seas allowances 


Please send applications with a full 
cv and the names of three referees to 
Dr R G Whitehead, MRC, Dunn 
Nutition Unt, Milton Road, 
Cambridge CB4 1XJ 


Closing date 15 July 1985 
(6971)A 
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LEONHARD PROFESSORSHIP 
IN SOLID STATE DEVICE ENGINEERING 


Applications and nominations are invited for a recently endowed profes- 
sorship in Solid State Device Engineering within the Department of Elec- 
trical Engineering at The Pennsylvania State University. Applicants should 
have an earned doctorate in electrical engineering, engineering physics, or 
a related field, and have demonstrated the ability to conduct research and 
teaching in the field of Solid State Device and Microelectronics Strong 
leadership qualities are also emphasized 


The successful applicant is expected to join the existing effort in solid state 
devíce research and help expand and develop it into one of prominence in 
both research and instruction. The College of Engineering has made sub- 
stantial commitment to support this program including updating of the 
laboratory facilities and new faculty hiring. 

Currently, research in the solid state device and related materials area 
includes research in silicon device processing, such as plasma and re- 
active ion etching, thermal nitridation of silicon and various oxide research 
including ultra-thin oxides, and defect control. In addition, research in II-V 
device area includes material defects, electrical noise and performance 
improvement of micron and sub-micron structures. 

Combinad research in the solid state device area typically amounts to 
about one million dollars annually. Collaborative research opportunities 
exist with the Materials Science department, Engineering Science and 


Mechanics department, the Chemistry and the Physics departments and 
the Matertals Research Laboratory at Penn State. 


Résumés, nominations, or inquiries should be directed to the following 


address by no later than September 15, 1985, or until a suitable candidate 
is selected. 

Chairperson, Leonhard Professor Search Committee 

Department of Electrical Engineering 

Box J, 129 Electrical Engineering East 

The Fennsyfvania State University 

University Park, PA 16802 


An Equal Opportunity/Affirmative Action Employer. (NW1910)A 


IGNEOUS PETROLOGY 


Université de Montréal, Faculté des arts et des 
sciences, Départment de géologie 
A TENURE-TRACK POSITION IN 
INGEOUS PETROLOGY 
Fonction Duties: To carry out active research in his/her field of interest and 
to teach and advise students at the graduate levels. 
Oualifications: Ph.D. or equivalent is required. 
Salary: In accordance with the collective agreement. 
Application deadline: September 3, 1985. 
іп accordance with Canadian immigration requirements, priority will be 
given to Canadian citizens and permanent residents of Canada 
Applications, together with curriculum vitae and names of three referees, 
should be sent to: M. Bernard Mamet, directeur, Département de 
géologie, Faculté des arts et des sciences, Université de Montréal, C.P. 
6128, succursale A. Montréal (Québec) H3C 3J7, CANADA. . (NW1905)A 





MEDICAL RESEARCH 
COUNCIL UNIVERSITY OF 
National Institute for NEWCASTLE UPON TYNE 
Medical Research DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
DIVISION OF RESEARCH ASSOCIATE 


PARASITOLOGY 


Applications are invited for a 
postdoctoral position to work 
with Dr C.J. Sanderson for a 
period of three years. The 
project is to work on a recently 
identified fymphokine control- 
ling eosinophil differentiation. 
An interest in cell differentia- 
tion or molecular biology 


would be an advantage. 


The salary will be in the range 
£8,920 — £10,720 per annum 
plus £1,233 London allowance, 


with 

vision, 
Applications, together with 
curriculum vitae, research ex- 
perience and interests and the 
names of two professional ref- 
erees should be sent to the 
Director, National Institute for 
Medical Research, The 
Ridgeway, Mill Hill, London 
NW7 1AA before 26th July 
1985, quoting Re 

P/9/WHO0/S. (6949)A 


superannuation pro- 





Applications are invited for an 
SERC funded post to work on the 
mechanisms by which globular pro- 
terns fold into their active state. 
Spectroscopic scattering, hydrody- 
namic and monoclonal antibody 
techniques will be used to study nat- 
urally occurring, mutant and recom- 
binant proteins. The appointment 1s 
for three years tenable from 
September 1985 or soon after 


Salary will be up to £7,980 per 
annum on the Range 1A salary scale: 
£7,520 — £12,150 per annum accord- 
ing to age, qualifications and 
experience 


Candidates with PhD or expecting 
to have gained a PhD by the autumn 
should send applications with cur- 
riculum vitae and the names and 
addresses of three referees to Pro- 
fessor R H Pain, Department of Bio- 
chemistry, University of Newcastle 
upon Tyne, NE1 7RU by July 18th. 
(Telephone 0632 328511 Ext 3437) 

(6929)А 


THE UNIVERSITY ОЕ 
MANCHESTER 


POST-DOCTORAL 
RESEARCH POST 


Applications are invited for this 
post, tenable ın the Department of 

edicine at Hope Hospital, Salford 
(Head of Department Professor LA 
Turnberg). The successful applicant 
will work on the eléctropliysi Dog of 
the colon in health and disease. Ex- 
perience of intracellular microelec- 
trode techniques would be an advan- 
tage. The post is for 2 years commen- 
cing from a date to be arranged 
Initial salary pa. £7,520 — £8,920 
depending on experience Superan- 
nuation. 


Further details may be obtained 
from Dr G I Sandle, Department of 
Medicine, Clinical Sciences Build- 
ing, Hope Hospital, Salford M6 
8HD (tel 061-789-7373 ext 236), to 
whom applications should be re- 
turned by July 22nd. (6960)A 


LEUKAEMIA RESEARCH 


FUND CENTER AT 
THE INSTITUTE OF 
CANCER RESEARCH 


A TECHNICIAN 


is required for a post in the above 
laboratory based at Fulham Road, 
London SW7. The work will involve 
cell culture and cloning of human 
and mouse haemopoietic cell lines 
required for studies on genetic alter- 
ations in leukaemia. Experience in 
tissue culture 1s essential. 


Salary in the range of £5,738 — 
£6,924 pa plus £1,042 London 
Weighting Allowance dependent on 
age and experience. 


Applicants are advised that in the 
majority of the Institute's premises 
smoking is prohibited. Applications 
in duplicate with the names of two 
referees to the Personnel Officer, In- 
stitute of Cancer Research, 17A 
Onslow Gardens, London SW73AL 
quoting reference 301/B/89/N. 

(6969)A 


THE UNIVERSITY 
COLLEGE WALES 


ABERYSTHWYTH 
DEPARTMENT OF AGRICULTURE 
Applications are invited for the post 


RESEARCH ASSISTANT 


to work on the effects of environ- 
ment and cultural practices on the 
crisping quality in early harvested 
potato crops The project 1s sup- 
orted by a grant from the Potato 
arketing Board and be tanable for 
three years 


Candidates should possess a good 
Honours degree in Agriculture or a 


relevant Agricultural or Biological . 


Science, the person appointed may 
register for a higher degree Salary 
on the IB Range for Research and 
Analogous Staff £6,600 — £8,920 per 
annum. 


Applications forms and further 
particulars can be obtained from the 
Registrar (Staffing Officer), The 
Univesity College Wales, Old 
College Kings Street, 
Aberysthwyth, Dyfed SY23 2AX 
Tel No: 0970 — 3177 Ext. 207). 

losing date for applications Friday 
19July 1985 (6984)A 
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YALE UNIVERSITY The De- 
partment of Chemistry invites 
applications for two tenure track 
Assistant Professor positions, 
effective academic year 1986 


We seek outstanding individuals 
in any field of chemistry. Applica- 
tions from those whose re- 
search interests overlap with the 
areas of organic or inorganic 
chemistry and the biological sci- 
ences are particularly welcome 


Applicants should send a curricu- 
lum vitae, a statement of re- 
search plans, and should arrange 
for the submission of three 
letters of recommendation All 
materials should be received by 
December 1, 1985 


Send application to Prof. S.L. 
Schreiber, Chairman, Search 
Committee, Department of 
Chemistry, Yale Universit 
P.O. Box 6666, New Haven, C 
06511. Yale University is an 
EO/AA employer. 

(NW1895)A 





UNIVERSITY OF 
LEICESTER 


DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a post- 
doctoral position to work with Dr 
Colin W Jones (in collaboration with 
Dr John R Linton, Shell Research) 
on the physiology and energetics of 
metabolite production in bacteria 


Applicants should have experi- 
ence in microbial physiology or bio- 
chemistry. 


The position is for three years and 
the initial salary will be m the range 
£7,520 — £12,150 per annum, plus 
superannuation 


Applications, including a curricu- 
lum vitae and the names and 
addresses of three referees, should 
be sent by July 19th to Mrs J Dean, 
Department of Biochemistry Secre- 
tary, University of Leicester, 
Leicester LE1 7RH (6923)А 


ROTHAMSTED 
EXPERIMENTAL STATION 


Harpenden, Herts ALS 2JQ 
ORGANIC CHEMIST 


with good practical ability required 
by the Insecticides and Fungicides 
Department to work in a team syn- 
thesizing powerful insecticides re- 
lated to the pyrethrins. Excellent in- 
strumental facilities available. This 
temporary two year post is funded by 
the British Technology Group to ex- 
ploit promising previous work The 
appointment should start as soon as 
possible. 


Qualifications: First or Upper 
Second Class honours degree and at 
least two years post-graduate experi- 
ence A PhD in a relevant field of 
organic chemistry would be an 
advantage. ‘ 


Appointment in the grade of 
Higher Scientific Officer on scale 
£7,788 — £10,541. Non-contributory 
superannuation 


Apply in writing to the Secretary, 
naming two referees and quoting 
Ref. 595 by 17 July 1985. Further 
partıculars on request. (6947)А 
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THE UNIVERSITY OF 


LEEDS 
DEPARTMENT OF 
PLANT SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for the 
above post for work on a project sup- 
ported by ICI to study the growth 
and development of winter barley. 
The appointment will be made for a 
fixed period of up to three years, be- 
ginning in September 


Applications should, have, or 
shortly expect to receive, a PhD in 
agricultural science or crop physiol- 
ogy. Experience ın field studies of 
growth and development in cereals is 
desirable. 


Initial salary up to £9,860 a year 
(under review) on the 1A Range for 
Research and Analogous , Staff 
(£7,520 — £12,150) (under review) 
according to age, qualifications and 
experience 


Informal пош may be made 
to Professor J Elston (Tel: 0532 
431751 ext 377). 


Application forms and further 
particulars may be obtained from the 
Registrar, The University of Leeds, 
Leeds LS2 9JT, quoting reference no 
53/27 Closing date for applications 
18 July 1985. (6963)A 


OXFORD POLYTECHNIC 


DEPARTMENT OF GEOLOGY 
AND PHYSICAL SCIENCES 


LECTURER Il/ 
SENIOR LECTURER IN 
GEOPHYSICS 


POST NO. 


The Department of Geology and 
Physical Sciences invites applica- 
tions for the permanent post of Lec- 
turer Шбетог Lecturer іп Geo- 
physics, the successful applicant to 
take up the post on 1 September 
1985, or as soon thereafter as 
possible. 
The appointee will be expected to 
teach Geophysics are related as- 
ects of Geology to Honours 
egree level Earth Scientists and to 
give a course in Geophysics as part 
of the Oxford Polytechnic Post- 
graduate Diploma tn Petroleum 
Exploration Geology. In addition, 
there is a strong possibility that an 
opportunity will exist for collabora- 
tion with the National School of 
Mines in Rabat, Morocco. Any such 
collaboration may lead to salary 
enhancement. The successful ap- 
plicant will be joining a strong team 
of Gedlogists at Oxford Polytechnic 
and will be expected to undertake 
research and/or consultancy. 
Applications are invited from suit- 
able qualified candidates holding 
an Honours Degree in Geology or 
related science and with post- 
graduate experience ın Geo- 
physics. A background which in- 
cludes Geophysical research and/ 
or industrial experience will be an 
advantage and preference may be 
given to those with experience in 
sersmic interpretation 
Basic Salaries. 
Senior Lecturer: 
£11.175 — £14,061 (under review) 
Lecturer li 
£7,548 — £12,099 (under review) 
Closing date for completed appli- 
cation forms 
For further details and application 
forms, pleasy apply to the Staffing 
Office, Oxford Polytechnic, Gipsy 
Lane, Headington, Oxford 
OX3 OBP. Telephone Oxford 64777, 
Extension 364. Closing date July 
15th 1985. 
An Equal Opportunities Employer 
(6966]A 

























































MEDICAL RESEARCH 
COUNCIL 


Dunn Nutrition Unit, 
Cambridge 


SCIENTIST 
Applications are invited from Post 
Doctoral Scientists with. experience 
in human energy metabolism, to join 
a team studying nutrition and health 
1n our field station in rural Gambia. 
The proposed studies involve the use 
of a whole-body indirect colorimeter 
to investigate physiological adapta- 
tions to low energy intakes with par- 
ticular emphasis on pregnancy and 
lactation. The successful candidate 
will be expected to take joint charge 
of these studies and to co-ordinate 
them with our programme of stable 
isotope research 


The appointment will initially be 
for2 years of which 2to 3 months will 
be spent in Cambridge and 
Lausanne, Switzerland undergoing 
training in calorimetry techniques 
The remaining time will be spent in 
our Gambia field station. with. 6 
weeks home leave after one year. 
Depending on progress there should 
be a possibility of extension for a fur- 
ther two years. The appointment will 
start in October 1985 


Salary їп the range £8,920 — 
£11,205 plus overseas allowances 


Please send applications with a full 
cv and the names of three profess- 
ional referees to Dr R G Whitehead, 
MRC Dunn Nutrition Unit, Milton 
Road, Cambridge CB4 1XJ. 

Closing date for applications is 15 
July 1985. (6982)A 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


DEPARTMENT OF MEDICINE 
MRC Chnical Immunology 
Research Group 


CHIEF TECHNICIAN 


Applications are invited for the post 
of Chief Technician in this Unit 
which is vacant at present. The group 
is headed by Professor D K Peters 
with its main interests 1n the clinical 
immunology of  autoimmunity, 
nephritis and persistent virus infec- 
tions, it comprises approximately 12 
scientists and research fellows and 10 
Technicians. The successful appli- 
cant would be responsible for the 
administrative running (including 
ordering and supervision of equip- 
ment) of the laboratories, and train- 
ing of technicians However they 
would also be expected to have a 
keen interest and to participate in 
experimental work and should have 
a background in immunological 
research 


Interested applicants are invited 
to visit the Unit by contacting Dr J G 
P Sissons (01-743 2030 ext 345) 


Salary on scale £9,458 to £10,975 
plus £1,084 London Allowance a 
year. 


This 15 a readvertisement, pre- 
vious applicants need not apply. 


Application forms and further 
particulars from the Personnel 
Office Royal Postgraduate Medical 
School, 150 Ducane Rd, London 
W12 0HS quoting ref: 2/110/N 


Closing Date: 18 July 1985. 
(6973)A 


V FERMENTATION 


Due to continued expansion, LH Fermentation who are leaders in 


the manufacture and distribution of Fermentation and Biological 
Culture equipment on a world-wide basis, have a requirement for 
Sales Personnel in both their Home and Export Sales 
Departments. The successful applicant will have experience of 
medium to large scale microbial or mammalian cell culture. 





EXPORT SALES EXECUTIVE 


Based m our Stoke Poges office the Export Sales Executive will be 
responsible for the technical support of our Scandinavian and 
Western European markets The successful candidate will be 

prepared to travel extensively within these markets and have the 

personal drive and ambition to succeed in this important environment 
Although previous Export Sales experience would be an advantage, 
full Sales and Documentation traiming will be given to the successful 

applicant 
А company car will be provided Salary dependent on experience 
Please send full C V in confidence to 
Mr.SM Asbndge, Export Sales Manager, LH Fermentation Ltd, 
Bells Hill, Stake Poges, Bucks SL2 4EG Te1.028M 5100. 


UK TECHNICAL SALES REPRESENTATIVE 


Reporting to our Stoke Poges office, the successful candidate will 
cover the London and South Eastarea Previous sales expenence is 
not required as full professional sales traming will be given 
А company car will be provided Salary dependent on expenence 
Please send full C V in confidence to 
Mr. R. Foster, UK Sales Manager, LH Fermentation Ltd, 

Bells Hill, Stake Poges, Bucks SL2 4EC. Tel.02814 5100. 


(6987)A 


LH 


THE WORLD STANDARD IN BIOTECHNOLOGY 


LH Fermentation Ltd 1s a Porton International Group Company 


HOUGHTON POULTRY 
RESEARCH STATION 


Grant-Aided by the Agricultural 
& Food Research Council 


TEMPORARY 
MOLECULAR BIOLOGIST 


Applications are invited for the 
above post to work on molecular 
aspects of pathogenesis of Marek's 
disease Areas of interest are in situ 
hybridization and characterization 
of RNA transcripts and their trans- 
lated products in infected cells. 


Candidates should have recently 
completed a PhD degree or be 
graduates with experience in mol- 
ecular biology of nucleic acids A 
background in virology would be an 
advantage but is not essential 


The post 1s for a period of 2 years 
and is supported by the Leukaemia 
Research Fund Informal enquiries 
to Dr N Ross (Tel 0480-64101). 


The appointment will be made to 
the Higher Scientific Officer grade 
(salary £7,788 x 6 — £10,541) or the 
Senior Scientific Officer grade 
(salary £9,772 x 7 — £12,653) de- 
pending on experience and qualifi- 
cation. 


An application form and further 
сае may be obtained from ће 
ecretary, Houghton Poultry Re- 
search Station, Houghton, 
Huntingdon, Cambs The closing 
date for applications ıs 25th July 
1985, (6972)A 


\ 


THE ANIMAL VIRUS 
RESEARCH INSTITUTE 


Ash Road, Pirbright, Woking, 
Surrey GU24 ONF 


HIGHER SCIENTIFIC 
OFFICER 


Following the restructunng of the 
Animal Virus Research Institute, 
applications are invited for a new 
post of Higher Scientific Officer to 
work in the Division of Molecular 
Biology, Director's Group. The 
appointment to commence as soon 
as possible The successful candidate 
will work on the mechanisms of rep- 
hcation of fowl plague virus RNA. 


Candidates should have a First or 
Сррег Second Class Honours degree 
with at least two years post graduate 
qualifying 

experience. 


Salary scale £7,788 — £10,541, 
sick leave and non-contributory 
Superannuation schemes, 22 days 
annual holiday. House may be avail- 
able for suitable married applicant 


relevant research 


Applications to include a curricu- 
lum vitae and the names of two refer- 
ees should be sent as soon as possible 
to. The Secretary, The Animal Virus 
Research Institute, Ash Road, 
Pirbright, Woking, Surrey GU24 
ONF. Tel: 0483 232441/8. 


The Animals Virus Research In- 
stitute 1s an Equal Opportunities 
Employer (6945)A 


Classified 16 


UNIVERSITY OF UTAH 


As part of a cooperative program with the Department of Biology, the 
Department of Chemistry is inviting applications for a tenure-track Assis- 
tant Professorship for individuals whose research interests are in the area 
of structure and function of biological macromolecules. The selected can- 
didate is expected to demonstrate excellence and creativity tn research 


and to play an active role in teaching. Preference will be given to indi- 
viduals who apply modern chemical methods to the study of proteins or 
nucleic acids in areas which complement existing programs. 

Send résumé including a description of research plans and three letters of 
reference by 10/1/85 to Professor C.D. Poulter, Department of Chemistry, 
University of Utah, Salt Lake City, Utah 84112. The University of Utah is an 
equal opportunity/affirmative action employer. (NW1918]A 








UNIVERSITY OF OXFORD 
PROFESSORSHIP OF THE PHYSICS 
AND CHEMISTRY OF MINERALS 


The electors intend to proceed to an election to the newly 
established Professorship of the Physics and Chemistry of 
Minerals, The stipend of the professorship is at present 
20,795. 


Applications {ten copies, or one from overseas), naming three 
referees but without testimonials, should be received not later 
than 27 August by: The Registrar, University Offices, Wellington 
Square, Oxford OX1 2JD, from whom further particulars may be 
obtained. (6970)A 


UNIVERSITY OF 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


in the field of 
Membrane Physical 
Biochemistry 


Multinuclear NMR and fluores- 
cence studies of the physical pro- 
perties of model membranes, par- 
ticularly with reference to the 
mechanism of action of anesthetics 
and alcohol The successful candi- 
date should have a Ph.D. in chemis- 
try or biochemistry. Possibility of 
interviews at Amsterdam  Bio- 
chemistry Congress for finalists. 

Send Curriculum Vitae and three 
letters of reference to: Elizabeth S. 
Rowe, Ph.D., Veterans Administra- 
tion Medical Center, Research 


SASKATCHEWAN 
Institute of Space and 
Atmospheric Studies 


PROFESSIONAL RESEARCH 
ASSOCIATE 

An opening, available immedi- 
ately, exists for a Professional Re- 
search Associate to work with a 
small research group in the general 
area of photochemistry of plane- 
tary atmospheres and with particu- 
lar reference to oxygen chemistry 
The work will involve the analysis 
of data obtained from experiments 
previously flown on the Space 
Shuttle Candidates should have 
post-doctoral experience, prefer- 
ably in the study of planetary 
atmospheres. 

Those interested should write to 





Service (151), 4801 Linwood Blvd., 
Kansas City, MO 64128; telephone 
816-861-4700 ext 541. (Affiliated 
with the Biochemistry Department 
of the University of Kansas Medical 
Center.) 


Space and Atmospheric Studies, 
University of Saskatchewan, 
Saskatoon, Saskatchewan S7N 
OWO The salary will not be less 
than $26,000 per annum. 


(NW1907)A 


Medical Research Council 
MEDICAL RESEARCH COUNCIL 
Toxicology Unit 


PROTEIN BIOCHEMIST/ 
CHEMIST 


A 3 year post-doctoral appointment (usual MRC terms) is avail- 
able to characterise a membrane bound protein involved in the 
maintenance of nerve cell axons. The initial objective is to im- 
prove existing partial purification procedures for the active-site 
radiolabelled enzyme to the point where sequencing etc, is prac- 
ticable. Skills in protein biochemistry including affinity chroma- 
tography and liquid phase partitioning are required and acquain- 
tance with molecular biology techniques would be an advantage 
M.K. Johnson, MRC Toxicology Unit, 
(6964)A 


(NW1913)A 








Applications to Dr. 
Woodmansterne Road, Carshalton, Surrey SM5 4EF. 






Dr EJ. Llewellyn, Institute of 
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EXCITING RESEARCH OPPORTUNITY IN 
WEST GERMANY 


CELL BIOLOGIST 


With experience in light and electronmicroscoptc techniques and 
their application to immunological and biochemical studies at 
the cellular and sub-cellular level. The ideal candidate should 
have an MD and/or Ph D, and postdoctoral experience. 

In addition to the researcher's salary, this federally funded 
position includes salary for a Technician, start-up funds and an 


appropriate supply budget. 


Please send CV and references to: 


Dr. Rolf Kinne 


Director Max-Planck-Institut fuer Systemphysiologie 


Rheinlanddamm 201 


4600 Dortmund 1, West Germany. 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF 
ANATOMY AND 
EMBRYOLOGY 


RESEARCH ASSISTANT 
(IA) 


This postdoctoral position is avail- 
able for one year in the first instance, 
but with the possibility of extension 
up to three years on an MRC grant 
concerned with Localisation of 
Neurotransmitter Receptors in the 
Autonomic Nervous System Scien- 
tists with experience in autoradi- 
ography, electronmicroscopy, im- 
munohistochemistry or pharmaco- 
logical or biochemical aspects of re- 
ceptor biology will be particularly 
suited. The technical and intellectual 
environment for research is attrac- 
tive. Salary in range £5,520 — 
£10,330 + £1,233 LA according to 
age and experience. 


Applications, together with full cv 
and names and addresses of two ref- 
erees, to Professor G Burnstock, 
Department of Anatomy & Embryo- 
logy, University College London, 
Gower Street, London WCIE 6BT. 

(6946)А 


(W1953)A 


LEUKAEMIA 
RESEARCH FUND CENTRE 
AT THE INSTITUTE OF 
CANCER RESEARCH: 


TECHNICIAN/RESEARCH 
OFFICER 


required to help organise a molecu- 
lar biology laboratory and actively 
participate in its research pro- 
gramme into Cellular and Molecular 
Biology of Human Leukaemia. Ex- 
perience in recombination DNA 


techniques essential Candidates 
should have a degree, HNC or equiv- 
alent qualification. 


Salary will be 1n the range of 
£5,738 — £8,096 + £1,042 pa. 
London Weighting allowance, de- 
pending on qualifications and ex- 
perience Applicants are advised 
that in the majority of the Institute’s 
premises smoking is prohibited. 


Applications in duplicate with the 
names and addresses of two referees 
should be sent to the Personnel 
Officer, Institute of Cancer Re- 
search, 17A Onslow Gardens, 
London SW7 3AL, quoting refer- 
ence 301/B/86 (6862) A. 





BIOTECHNOLOGISTS! 


What's going on in the world's fastest- 
growing scientific discipline? 


To find out, send for a sample copy of 
BIO/TECHNOLOGY, the Intemational 
Monthly for Biology and Industry, to 


Felicity Parker, Macmillan Journals, 
Houndmills, Basingstoke, Hants. 


RG212XS, UK 
or 


Paul Siman, Bio/Technology, 
65 Bleecker St., New York, NY 10012. 
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RESEARCH 
FELLOW 


Position available for post- 
doctoral research fellow in 
atherosclerosis; biochemical 
and morphological studies of 
arterial wall, organ culture or 
aorta, prevention of atheros- 
clerosis by early intervention, 
research on regression of ad- 
vanced lesions. Applicants 
must have an M.D. or Ph.D. 
degree in Biomedical Science 
with a 2 year minimum re- 
search training in lipids and 
polysaccarides, atheroscler- 
osis, and 1 year experience as 
research fellow. Salary: 
$20,350 annually, 40 hours per 
week. 


Send résumé to: Ohio Bureau 
of Employment Services, 
Special Projects Section, 1916 
Central Parkway, Cincinnati, 
Ohio 45214. 


Reference Job Order Number 
0595735. (NW1908)A 


KJNIVERSITY OF DUNDEE 


-EPARTMENT OF BIOCHEMISTRY 
MRC Protein Phosphorylation 
Group 


POSTDOCTORAL 
WORKER/RESEARCH 
ASSISTANT 


applications аге invited for the 
bove position to work with Pro- 
:ssor Philip Cohen, FRS on the role 
f protein phosphorylation in hor- 
опе action. The position, which 
ecomes vacant in August 1985, 1s 
эг three years in the first instance 
"he appointment will bc made at an 
ppropriate point on the Research 
nd Analogous Scale Range 1A 
currently £7.520 — £12,150) de- 
ending on qualifications and ех- 
erence A background in Protein 
‘hemistry and Enzymology, ог 
4olecular Pharmacology. would be 
n advantage Informal enquiries 
an be made to Professor Cohen, 
:lephone number Dundee 23181, 
xtension 4238. 


Applications containing a full cur- 
tculum vitac and the names and 
ddresses of three referees should be 
ent to the Personnel Ottice, The 
Jniversity, Dundee, DDI 4HN as 
oon as possible. Please quote refer- 
(6934)A 


nce EST/7385J 













POSTDOCTORAL POSITION 


Available for research on the tsola- 
tion of herbicide resistant micro- 
bial genes and their subsequent ex- 
pression in plant cells Expertise in 
recombinant DNA technology and 
yeast molecular biology is 
required. 

Send C.V. and two letters of refer- 
ence to: Dr G.H. RANK, DEPT. OF 
BIOLOGY, UNIVERSITY OF 
SASKATCHEWAN, SASKATOON, 
SASK., CANADA S7N OWO. 
(NW1906)A 






















POSTDOCTORAL PROTEIN 
CRYSTALLOGRAPHER 
Positions are available for two 
crystallographers to study the 
structure of myosin subfrag- 
ment-1, The research involves pro- 
tein purification, crystal. growth 
and data collection. Applicants 
with expertence in any aspect of 
crystallography will be considered 
Salary commensurate with experi- 
ence Send résumé and three 
letters of recommendation to: Dr. 
Ivan Rayment, department of bio- 
chemistry, University of Arizona, 
Biological Sciences West, Tucson, 
Arizona, 85721, USA. The Univer- 
sity of Arizona is an equal oppor- 
tunity employer (NW1900]A 





ASTON UNIVERSITY 


Auditory Physiology Laboratory 


DEPARTMENT OF 
PHARMACEUTICAL SCIENCES 


POSTDOCTORAL 
RESEARCH OFFICER 


Applications are invited for a Re- 
search Officer (funded by the Well- 
come Trust) to study the sites and 
mechanisms of toxic effects of drugs 
on hearing Candidates should have 
experience of electrophysiological 
recordmg techniques and will ideall 
have a PhD ın some aspect of audi- 
tory physiology 


The appointment will be for one 
year initially with the possibility of 
renewal Commenceng salary will be 
within the rang £7,520 to £8,920 per 
annum (under review). 


Informal engines may be di- 
тесей to Dr Е 5 Harpur, extension 


Application forms and further 
particulars may be obtained from the 
Personnel Officer (Academic Staff), 
quoting Ref. 699/6, Aston Univer- 
sity, Aston Triangle, Birmingham 
B47ET Tel 021 359 3611 Ext 4563. 
Closing date for receipt of applica- 
tionsis 19th July 1985. (6962)А 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 


DEPARTMENTS OF MEDICINE 
(MRC Clinical Immunology 
Research Group) and Virology 


A NON-CLINICAL 
LECTURER 


is required to join the MRC sup- 
ported group in the Department of 
Medicine This post will complement 
a group working on the pathogenesis 
and immunology of human cyto- 
megalovirus (Dr J G P Sissons and 
colleagues) — which has a close 
harson with the Department of Vir- 
ology (Prof B Griffin). Candidates, 
who should be capable of conducting 
independent research, should have a 
background in virus molecular biol- 
ogy and be able to contribute to work 
on the molecular pathogenesis of 
cytomegalovirus infection. 


Applications (6 copies) in the form 
of a cv with the names of three ref- 
erees should be sent, together with a 
supporting statement of no more 
than 500 words, to the Deputy Secre- 
tary, Royal Postgraduate Medical 
School, 150 Ducane Rd, London 
W12 0HS from whom further par- 
ticulars may be obtained. 


Closing Date: 22 July 1985. 
(6957)A 


BASIC SCIENTIST: 


Assistant Professor of Surgery, 
Division of Urologic Surgery at the 
University of Cincinnati College of 
Medicine. Possible secondary ap- 
pointment in appropriate basic sci- 
ence discipline. Candidates should 
have a Ph.D. degree, postdoctoral 
experience, and  demanstrated 
ability in research (publications in 
peer-reviewed journals and re- 
search grants). Areas of research 
might include biochemistry, cell/ 
molecular biology, or genstics. An 
interest in cancer is helpful; an in- 
terest in working closely with clini- 
cians and clinically relevant prob- 
lems in urologic surgery is a must 


Send letter of interest, curriculum 
vitae, and names of three referees 
by September 15, 1985 to: Dr. H. 
Bruce Bosmann, Chairman, CSRP 
Search Committee, University of 
Cincinnati College of Medicine, ML 
#555, Cincinnati, Ohio 45267-0555. 
The University of Cincinnatt is an 


equal opportunity educetor and 
employer. (NW1915)A 


UNIVERSITY OF 
WISCONSIN-MADISON 


Mycology/Microbial 
Ecology 
RESEARCH ASSOCIATE 
(postdoctoral) 


postition available 1 June 1985 on 
the BIOTECHNOLOGY and micro- 
bial ecology of funga! pathogens 
(biocontrols) to watermilfoil. Re- 
search aspects include mass cul- 
ture and strain improvement tech- 
niques, interaction with other con- 
trol measures, and tracking marked 
populations in water and sediment. 
Funding for two years. Salary com- 
petitive and commensurate with 
qualifications. 

Send résumé with names of 3 ref- 
erees to: Dr. John H. Andrews, De- 
partment of Plant Pathology, 1630 
Linden Drive, Madison, WI 53705. 
An affirmative actionlequal opportun- 
ity employer. (NW1914)A 





GRANTS & 
SCHOLARSHIPS 


UNIVERSITY OF 
LEICESTER 


DEPARTMENT OF CHEMISTRY 
RESEARCH SCHOLARSHIP 


Applications are invited for the 
above from graduates in Chemistry 
holding a first class honours or 
second class honours (upper divis- 
1on) degree. The successful candi- 
date will be expected to undertake 
research in organometallic chemistry 
under the supervision of Dr D L 
Davies and to register for a higher 
degree The scholarship carnes a 
maintenance award at the same level 
as SERC post-graduate studentships 
(£2,585 — under review). The Uni- 
versity will waive registration fees. 


Further details and application 
forms may be obtained fi Pro- 
fessor Peacock, Department of 
Chemistry, University of Leicester, 
University Road, Leicester LE1 
7RH, to whom completed applic- 
tions should be returned by 31 July 
1985. (6944)H 


Classified 17 


IMPERIAL CANCER 
RESEARCH FUND 


BURSARY FOR TRAINING 
IN RESEARCH 


Applicants are invited for an ICRF 
Bursarship tenable for 3 years from 
October 1985 for full time students 
leading to a higher degree in bio- 
chemistry The bursarship offers the 
opportunity to join an active cell 
membrane research group in the 
Department of Biochemistry, at the 
Royal College of Surgeons, in 
collaboration with the Cell Surface 
Biochemistry Laboratory, ICRF 


The research topic, which will be 
jointly supervised by Professor N 
Crawford and Dr M Crumpton 
(ICRF), involves investigating pro- 
cedures for permeabilising blood 
cells and their use as carrter vehicles 
with encapsulated drugs and otner 
agents which activates macrophages 
for sustained tumourcidal effects. 


Applications are invited from stu- 
dents, no more than 25 years of age 
on October 1st who hold, or expect 
to obtain a First or Upper Second 
Class Honours degree in Biochemis- 
try or Cell Biology. The award 
carries a grant of £4,865 with pos- 
sible additional allowances. 


Further details and apphcation 
forms can be obtained from: Miss S 


M Hurley, Personnel Officer, 
Imperial Cancer Research Fund, 
Lincoln’s Inn Fields, London, 
WC2A 3PN 


Please quote reference number. 
5/85. 


The forms should be completed 
and returned by 31st July 1985. 
(6904)H 


STUDENTSHIPS 


KING'S COLLEGE LONDON 
(KQC) 

University of London... 

RESEARCH STUDENTSHIP 

DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for a post- 
graduate research studentship to be 
held in the Biochemistry Depart- 
ment, King’s College London 
(Strand Campus). The studentship is 
to be funded by The British Foun- 
dation for Age Research for the 
study of Age-related changes 1n the 
catabolism of crystallin fragments in 
lens tissue Applicants should 
possess (or be about to obtain) either 
а ist class or an upper 2nd class 
honours degree in Biochemistry ora 
closely related subject(s). 


Аррсапоп as soon as possible to 
Dr A R Hipkiss, Department of Bio- 
chemistry, King’s College London, 
Strand, London, WC2R 2LS. Tele- 

hone enquiries may be made on 01- 
b36 5454 extn 2491 (6974)F 


continued on page 18 
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STUDENTSHIPS 


UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF GENETICS 
SERC CASE STUDENTSHIP 


Applications are invited for an SERC CASE studentship to study 
the molecular biology of secondary metabolite biosynthesis by a 
pseudomonad. The work will include gene cloning techniques, 
site directed mutagenesis DNA sequencing and control of gene 
expression. The industrial sponsor for this award is Beechan 


Research. 


Applications including curriculum vitae and names of two aca- 
demic referees should be sent as soon as possible to Dr F C H 
Franklin, Department of Genetics, University of Birmingham, PO 
Box 363, Birmingham B15 2TT. Tel. No: 021-472 1301 Ext 2620. 


HERIOT-WATT 
UNIVERSITY 


DEPARTMENT OF BREWING & 
BIOLOGICAL SCIENCES 


RESEARCH STUDENTSHIP 
IN MICROBIAL GENETICS/ 
MOLECULAR BIOLOGY 


A SERC Quote studentship is avail- 
able in this Department tenable for 
three years and leading to a PhD. 
The project will 1nvolve the cloning 
and characterisation of genes for ex- 
tracellular enzymes from thermo- 
philic bacteria. 


Applicants should hold a first or 
upper second degree in microbiology 
or a related discipline, and should 
send a curriculum vitae and names of 
two referees to Dr F G Priest, De- 

artment of Brewing & Biological 
ciences, Heriot-Watt University, 
Chambers Street, Edinburgh, ЕНІ 
1HX. Closing date 4th July, 1985 
(6965)F 


UNIVERSITY OFSURREY 
DEPARTMENT OF CHEMISTRY 


Applications are invited from Chem- 
istry graduates, or those about to 
graduate for the following research 
studentships which will become 
available as from 15 October, 1985. 


1) A CASE studentship in con- 
junction with ICI Pharmaceuticaals 
' to study 


A 
THERMODYNAMICALLY- 
BASED SCALE OF 
HYDROGEN BOND 
BASICITIES 


(Dr MH Abraham) 


2) A CASE studentship in con- 
junction with the Imperial Cancer 
Research Fund to study 


MECHANISMS OF 
AROMATIC 
HYDROXYLATIONS 


(Dr J R Jones) 


3) A CASE studentship in con- 
junction with ICI to study 
THE SYNTHESIS OF 
POLYSULPHONES FROM 
ARYLSULPHONIC ACIDS 
AND PC1; 


(Professor J B Rose) 


Interested persons should send their 
curriculum vitae and the names and 
addresses of two referees to DrJ R 
Jones, Chemistry Department, Uni- 
versity of Surrey, Guildford, GU2 
5XH, as soon as possible. (6978)F 








(6980)F 





QUEEN MARY COLLEGE 
(University of London) 


School of Biological Sciences 
NERC POSTGRADUATE 
STUDENTSHIP 


Applications are invited fora NERC 
Studentship to study the role of 
microfauna in the food webs of acid 
stream communities. A full curricu- 
lum vitae and the names of two ref- 
erees should be sent, by 3rd July, to 
Dr A С Hildrew, School of Bio- 
logical Sciences, Queen Mary 
College, Mile End Road, London E1 
4NS. (6958)F 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 


(In collaboration with ICI 
Pharmaceuticals) 


PhD STUDENTSHIP 


In human cardiovascular pharma- 
cology to study the humoral control 
of coronary artery tone in vitro using 
human material 


Details from and applications to 
Dr R W Kerwin, Cardiovascular 
Unit, Hammersmith. Hospital, 150 
Ducane Rd, W12 OHS. Tel 01-743 
2030 ext 690 (6956)F 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF CHILD HEALTH 


Applications are invited for an MRC 
funded, three year 


PhD STUDENTSHIP 


to commence in October 1985 to in- 
vestigate ketone body turnover in 
the neonatal period їп man and ex- 
perimental animals. The project will 
involve the use of stable-isotopically 
labelled substrares and gas chromo- 
tography — mass pec 
Candidates should have, or should 
expect to obtain, a First Class or 
Upper Second Class Honours 
Degree in Biochemistry or related 
subject. 


Further details can be obtained 
from Professor A Aynsley-Green or 
Dr K Bartlett, Department of Child 
Health, The Medical School, The 
University, Framlington Place, 
Newcastle upon Tyne, NE2 4HH, to 
whom letters of application, includ- 
ing a curriculum vitae and the names 
of two academic referees, should be 
sent by not later than 12th July 1985. 

(6961)F 


| 





ST MARY'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Norfolk Place, London W2 1PG 


SERC CASE STUDENTSHIP 
Applications are invited for a SERC 
Case Studentship in collaboration 
with Shell Research Limited (Dr D 
H Hutson) for research (leading to a 
PhD degree) into the effect of en- 
vironmental conditions on the 
metabolism of chemicals by fish 


Applicants should have, or expect 
ot obtain, a first or second class 
honours degree in biochemistry, or 
chemistry, and have an interest in 
chemical and environmental toxi- 
cology 


Applications, including the names 
and addresses of two referees, 
should be sent to the Assistant Sec- 
retary (Personnel) at the above 
address by 3 July 1985. For further 
details of the studentship contact Dr 
P Millburn tel no: (01) 723-1252 ext 
118. (6907)F 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF INORGANIC 
CHEMISTRY 


Applications are invited for an 
SERC sponsored Research Student- 
ship leading to the degree of PhD, to 
investigate the synthesis of new poly- 
oxometalates of early transition 
metals and their potential as ligands 
in organometallic chemistry. The 
project will involve a range of inert 
atmosphere, analytical, spectro- 
scopic and electrochemical tech- 
niques The award will be tenable 
from October, 1985. Candidates 
should hold or expect to obtain a first 
or upper second class degree in 
chemistry Applications including a 
CV and the names and addresses of 
two referees should be sent as soon 
as possible to: Dr R J Errington, 
Department of Inorganic Chemistry, 
University of Newcastle upon Tyne, 
Newcastle upon Tyne, NE1 7RU 
from whom further information can 
be obtained (6926)F 


UNIVERSITY OF 
LIVERPOOL 


School of Dental Surgery 
RESEARCH STUDENTSHIP 


Applications are invited for a Uni- 
versity Research Studentship for 3 
Md from October 1985 leading to a 

hD degree Candidates should pos- 
sess a first or upper second class 
honours degree in a biological sci- 
ence. The research project will be 
concerned either with. disturbances 
of salivary function, involving in vivo 
and in vitro studies of secretory ac- 
tivity, or with calcification mechan- 
isms in dental hard tissues using 
ultrastructural techniques Further 
details are available from Dr J Scott, 
Research Wing, Dental School (051 
709 0141 extn 2973). 


Applications together with the 
names of two referees should be re- 
ceived as soon as possible by the 
Registrar, the University, PO Box 
147, Liverpool L69 3BX. 


Quote Ref. RV/128/N (6968)Е 













“al Southampton 
THE 


А) UNIVERSITY 


CASE RESEARCH 
STUDENTSHIP 


Applications are invited for an 
SERC/British Gas CASE student- 
ship to study instabilities in cryo- | 
genic liquids using LDA, microther- 
mometer and flow visualisation 
techniques 

Appy to: Professor R.G. Scurlock, 
Institute of Cryogenics, University 
of Southampton, Southampton 
SO95NH. (6928)F 








LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 
(University of London) 


MRC RESEARCH 
STUDENTSHIP and 
MRC RESEARCH 
ASSISTANTSHIP GRADE 
(1B) 


Applicants are invited for these twc 
vacancies in a well-established group 
studying the immunology of schisto 
somiasis, with the main aim of pro 
ducing molecular vaccines Bott 
posts are tenable for three yearn 
rom September 1st, 1985 


The Research Studentship will bt 
concerned with comparative studie 
on the immunology of Schistosom: 
manson: and S japonicum, with em 
phasis on the identification of "pro 
tective” parasite antigens and clon 
ing of the corresponding antigen 
genes. This work will be carried ow 
in the Wolfson Unit for Molecula 
Medical Microbiology and ParasitoW 
ogy, and the person appointed, wh» 
must hold, or hope to obtain in 1985 
a First or Upper Second Class Hom: 
ours degree in Molecular Biology 
Microbiology, or Biochemistry wu 
be registered for a PhD degree unde 
the supervision of Dr Q D Bickle. 


The Research Assistant will b 
working with Drs M С Taylor and ‹ 
D Bickle on antigen purification an 
the production of monoclonal ant 
bodies, and studying the mechanisr 
of immunity in vivo. Applicatior 
are invited Kom those who hold, c 
who are about to obtain, Honou» 
degrees in relevant biological sut 
jects. This 3-year appointmer 
carries a starting salary of up t 
£7,055 per annum, plus £1,233 pe 
annum London Allowance, and th: 
appointee will be encouraged t 
register for a higher degree. 


Applications, consisting of a fw 
curriculum vitae and naming two re 
erees, should be sent as soon as po 
sible to the Personnel Office 
London School of Hygiene ar 
Tropical Medicine, Keppel Stree 
London WCIE 7HT. 


Further information about the r 
search to be undertaken may be oM 
tained by telephoning Dr Taylor « 
Dr Bickle on St Albans 34201. 


Closing date 8 July 1985 
(6975)F 
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FELLOWSHIPS 





Training Fellowships for research 
into mental disorders 


Applications are invited from medical and scientific graduates who have worked in untversities, institutes or hospitals 
in the United Kingdom or Eire for at least the past three years, or who did so before taking up an appointment 


The Wellcome Trust 


overseas, for a fellowship for research traimng in the field of mental disorder. 


These awards, iwhich are tenable for up to three years, are intended for climcians with a traming m psychiatry, or 





intending to train 1n psychiatry, or postdoctoral scientists (with at least one year's postdoctoral research experience) 
who wish to extend their research experience The research proposals should be relevant to mental health or related 
basic science and the applicant should intend to continue research in this field. Taese fellowships may be held in 
appropriate departments or clinical centres in Great Britain In cases where the necessary research training cannot all 
be obtained in Great Britain, the Trustees are prepared to consider a request that part of a fellowship be spent in a 
suitable centre or centres abroad. 


Candidates should not normally be over 32 years of age for science graduates and 34 years for medical graduates. 
Applications should be made by the Head of the Department in which the candicate proposes to work. Salaries will 
be in the range of University Lecturer scales according to age and experience 


Application forms can be obtained from: The Grants Section, The Wellcome Trust, 1 Park Square West, London, 


NW1 4LJ. Telephone: 01-486 4902. Applications must be returned by the ist September 1985. 


The Wellcome Trustees are concerned that research careers of outstanding young clinical and non-clinical scientists 
should not suffer from lack of suitable support and guidance at any stage. Exceptional candidates proposed for the 
above fellowships may be considered at a later date for senior fellowships which will provide additional support at a 
later stage ın the fellow’s career (not necessarily »mmediately after the training fellowship) to advance the fellow to а 
stage where he or she 1s ready to apply for senior research and academic positions. 5 





(6986)E 





The John Hopkins University 
Department of Anesthesiology and Critical Care Medicine 


POST DOCTORAL 
FELLOWSHIP IN RESEARCH 


Applications are invited for this position available immediately to study 
the molecular biology of human cytochrome P450 The applicant must 
be creative and highly motivated to carry out independent experimenta- 
tion utilizing human cytochrome P450 under study 

tA D orPh D required with 1-2 years experience in molecular biology 
Contact: Roy C. Levitt, M.D., The John Hopkins University, 
Department of Anesthesiology and Critical Care Medicine, 
Blalock 1410, Baltimore, Maryland 21205. Telephone (301) 
955-7609. NW1822 
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STUDENTSHIPS continued 





THE ROWETT RESEARCH 
INSTITUTE 
Bucksburn, Aberdeen, 
AB29SB 


SERC CASE STUDENTSHIP 


DEPARTMENT OF CHEMISTRY 
(AGRICULTURE). 
GLASGOW UNIVERSITY 
Rowett Research Institute, 


Aberdeen 


Applications are invited. for a stu- 
dentship to investigate the nature of 
lignin-carbohydrate linkages — in 
straw The project should lead to a 
clearer understanding of how cell- 
wall structure determines the digesti- 
bility not only of straw, but also grass 
and other forage crops, in rumi- 
nants, and how digestibility can be 
improved by processing Experi- 
mental work will involve the use of 
advanced gas and liquid chromatog- 
raphy, ММК, mass spectroscopy. 


enzyme digestion and other tech- 
niques 


The student will register for a PhD 
degree at Glasgow University, but is 
expected to spend only about one 
year there tn total, the remaining 

erod will be spent at the Rowett 
nstitute. In addition to a first or 
good second class honours degree or 
equivalent, the main requirement is 
a sound grasp of analytical tech- 
niques and an interest in therr appli- 
cations to biological systems. Some 
knowledge of animal nutrition and 
lant composition would be helpful 
ut 15 not essential 


Applicants should send a CV and 
the names of two referees as soon as 
possible to, The Secretary. Rowett 
Research Institute. Bucksburn, 
Aberdeen, АВ2 9SB. Tel: 022 – 
712751 Ext. 338 


Closing date 18th July 1985. 
(6916)F 


UNIVERSITY OF 
BIRMINGHAM 


FACULTY OF MEDICINE 
AND DENTISTRY 


DEPARTMENT OF 
HAEMATOLOGY 


Applications invited for a 2 year 
Leukaemia Research Fund training 
fellowship in the joint University/ 
NHS department of Haematology at 
the University of Birmingham and 
Queen Elizabeth Hospital The post 
would suit a medical graduate with 
MRCP qualification, and previous 


experience at Registrar level in Hae- , 


matology Clinical and Laboratory 
training will be offered in the man- 
agement of haematological malig- 
nancies and in Bone Marrow Trans- 
plantation A major research project 
will be undertaken and the successful 
candidate will be expected to register 
for a PhD or MD at an appropriate 
University Honorary registrar 
status will be sought from the 
Central Birmingham Health 
District. Salary in scale Research 
Fellow Clinical. Maximum starting 
£10,640 


Applicants are invited to visit the 
department by arrangement with Dr 
B J Boughton, Senior Lecturer in 
Haematology (telephone 021 472 
1311 ext 177) pplications - (3 
copies) to Assistant Registrar, 
Medical School, Birmingham 
B15 2TJ from whom further particu- 
lars are available by 14 July 1985,- 
Quote Ref: RFC/HAE/BJB 

(6932)E 


CANOLFAN 
ASTUDIAETHAU 
TIROEDD CRAS 
COLEG PRIFYSGOL 
GOGLEDD CYMRU 


UNIVERSITY COLLEGE OF 
NORTH WALES 
CENTRE FOR ARID ZONE 
STUDIES 


THE YAMANI 
FELLOWSHIPS 


His Excellency Sheikh Ahmed Zaki 
Yamani has generously endowed 
Fellowships within this Centre. 


The recipients must be from Arab 
or Third World Countries and 
should contribute to the teaching ' 
and research within the Centre. -- 
Tenure may be from 3 months to 1 
year. 


The Centre has wide interests in 
the development of Agriculture and 
Forestry in arid and semi-arid areas 
and in allied scientific and environ- 
mental problems. 


Support can be given for subsis- 
tence and travel costs and for experi- 
mental work. 


Further details from: Professor R 
G Wyn Jones, Centre for Arid Zone 
Studies, University College of North 
Wales, Bangor, Gwynedd. 


Applications {© copies), giving 
details of age, education and ехрегі- 


. ence, together with the names and 


addresses of two referees, should be 
sent to the Personnel Office, Univer- 
sity College of North Wales, Bangor, 
GwyneddLL572DG (6942) 
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IZAAK 
WALTON 
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FOR 
1986-87 





Value 
Fellowships valued at $22,500 (1985-86, plus travel 
allowances, are tenable for one year at Dalhousie 
University in most fields of study. Application for 
extensions may be considered. 
Qualifications 
Applicants should have recently completed a Ph.D. 
degree at a recognized university, or expect to ob- 
tain a degree before taking up an award. 
Application 
Application forms may be obtained by writing to: 
The Office of the Dean 
Faculty of Graduate Studies 
Dalhousie University 
Halifax, Nova Scotia B3H 4H6 
The closing date for receipt of applications is 15 
December 1985. (NW1898)E 








UNIVERSITY OF will join groups working on bio- 
BIRMINGHAM fouling (Dr MEE ema En 
gineering and Dr allow, Plant 
FACULTY OF SCIENCE Biology) and surface chemistry (Dr J 
AND ENGINEERING Goodwin, Physical Chemistry, 
Bnstol University). Co-operating 
DEPARTMENTS OF CHEMICAL bodies are International Paint plc 
ENGINEERING AND and APV International Ltd. 
PLANI BIOLOGY Post tenable for up to three years 
POSTDOCTORAL from 1 September 1985. 
RESEARCH FELLOWSHIP 
AND RESEARCH Salary on the Research Fellow 
scale £7,520 — £12,150 plus superan- 
ASSOCIATESHIP nuation зо e Ree 
Я К Associate scale — plus 
Applications are invited for (а) a : i 
Postdoctoral physical/colloid superannuation: 


chemist and (b) a graduate chemical 
engineer or biologist preferably with 
experience in biotechnology or bio- 
engineering. 


The project is a co-operative re- 
search grant funded by the SERC 
and is concerned with the develop- 
ment of novel polymers for the pre- 
vention of biofilm adhesion ın pro- 
cess plant. The persons appointed 


For further information, phone 


021-472-1301 ext. 2559 quoting 
reference T9 
No formal application form. 


Three copies of application, includ- 
ing full curriculum vitae and naming 
three referees to Assistant Registrar 
(Science and Engineering), PO Box 
363, Birmingham B15 2TT by 15th 
July, 1985, (6931)E 


EMBO 
EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 


in molecular biology 

The European Molecular Biology Organisation awards, to scientists 
working in Europe and Israel in the field of molecular biology and allied 
disciplines, short term fellowships of one week up to three months 
duration The fellowships are to support collaborative research 
between laboratories in different countries and provide a travel grant 
and subsistence allowance Applications may be made at any time and 
are decided upon soon after the receipt of application 


Applications for exchanges between laboratories within any one 
country cannot be considered Fellowships involving transatlantic 
travel are awarded only in extremely exceptional circumstances 


Application forms and further details may be obtained from Dr 


J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 102240, F.R.G. (W1577]E 





POSTDOCTORAL 
FELLOWSHIP IN MOLECULAR 
BIOLOGY/ BIOCHEMISTRY 
Position available in Department of 


Microbiology at Suny Stony Brook 
to study Adeno-associated virus 


genetics, vector construction, im- 
munology or DNA replications. 
Send CV and references to Dr 
Nicholas Muzyczka, University of 
Florida, College of Medicine, Box 
J226 JHMHC, Gainesville, FL 


32610 (NW1901)E 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


DEPARTMENT OF BIOCHEMISTRY 
AND CHEMISTRY 


JUNIOR RESEARCH 
FELLOWSHIP 


Applications are invited from gradu- 
ates or students obtaining a good 
honours degree in Biochemistry or 
related subjects for a three year 
junior Research Fellowship, starting 
on 1 October 1985. The successful 
candidate will register for a higher 
degree in the University of London 
The project concerns the mechan- 
isms of polyphosphoinositide metab- 
olism and arachidonic acid release in 
endocrine cells. The conditions of 
employment and salary are similar to 
the SERC/MRC studentships. 


A curriculum vitae and the names 
of two academic referees should be 
sent to Professor B A Cooke, De- 
partment of Biochemist and 
Chemistry, Royal Free Hospital 
School of Medicine, Rowland Hill 
Street, London, NW3 2PF. Tele- 
phone 01-794-0500 extension 
4202 (6959)E 


ASSOCIATESHIPS 


UNIVERSITY OF 
LEICESTER 


DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
RESEARCH 
ASSOCIATESHIP 


Applications are invited for a post- 
doctoral research associateship sup- 
ported by the SERC, to study phos- 
phoryl transfer reactions including 
enzyme catalysed reactions. Some 
experience of synthesis and an in- 
terest in reaction mechanism is desir- 
able. The appointment will be for 
two years (start 1 October 1985). 
The starting salary will be in the 
range £7,520 — £8,920 pa 


Applictions with curriculum vitae 
and names and addresses of at least 
two referees should be sent, not later 
than 31 July, to Dr P M Cullis, De- 
partment of Chemistry, The Univer- 
sity, Leicester LE17RH. — (6953)O 


FOR SALE & WTD. 


HIRUDIN 
and HEMENTIN 
(a new specific 
fibrinolytic enzyme) from 


BIOPHARM (UK) Ltd 


P.O. Box 5 
2—8 MORFA ROAD, 
SWANSEA U.K 
Tel: (0792) 467536 
Telex: 48297 





(6954)L 
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ASSISTANTSHIPS 


THE SCHOOL OF 
PHARMACY 
UNIVERSITY OF LONDON 


DEPARTMENTS OF 
PHARMACEUTICAL CHEMISTRY 
AND PHARMACOGNOSY 
POST-DOCTORAL 


RESEARCH ASSISTANT 


Applications are invited for a SERC 
funded postdoctoral research assis- 
tantship to investigate “Novel 
phorbol esters and their interaction 
with protein kinase C". This multi- 
disciplinary research post would be 
suitable for someone with experi- 
ence in biochemistry and natural 
product chemistry and will be avail- 
able for up to 3 years. 


The project will involve the study 
of tumour promoting and inflamma- 
tory diterpenoid derivatives (phor- 
bol esters) that strmulate the activity 
of an enzyme (protein kinase C) im- 
plicated in the control of a wide 
range of cellular activities. 








The person appointed will work 
with members of staff 1n depart- 
ments that have excellent facilities 
for research in natural product 
chemistry, biochemistry and molec- 
ular biology 


Further details may be obtained 
from Dr Alastair Aitken (Dept of 
Pharmaceutical Chemistry) and Dr F 
J Evans (Dept pf Pharmacology) on 
01 837 7651 


Applications, including 2 copies of 
CV and names of 2 referees, to be 
sent to: Personnel Officer, The 
School of Pharmacy, 29/39 
Brunswick Square, London WCIN 
1AX, to arrive within 4 weeks of the 
advertisement (6976)P 


DURHAM UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a 
postgraduate 


RESEARCH 
ASSISTANTSHIP 


tenable for 3 years from 1 October 
1985 or as soon as possible thereafter 
to work with Dr D Parker on the 
chemistry of functionalised macro- 
cycles. Applicants should have at 
least а 2() Honours Degree in 
Chemistry and will be expected to 
register for a higher degree. The pro- 
Ject involves the development of se- 
lective lithium. ionophores with а 
concurrent investigation. of the 
chemistry of M heterodinuclear 
complexes. 


Applications (3 copies) naming 3 
referees should be sent by 5 July to 
The Registrar, Science Labora- 
tories, South Road, Durham DH1 
3LE, from whom further particulars 
may be obtained. (6943)P 


APPOINTMENTS WANTED 
advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of $8 per line. 
(Personal Box Numbers $10.00). 
Advertisements must be pre-paid and 
sent (o: Nature Classified (Appts 
Wtd), 65 Bleecker Street, New York, 
NY 10012. (890)B 
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CONFERENCES & COURSES 














Royal Postgraduate Medical School 


(University of London) 


A specialist scheme of study for medicine, 
veterinary or science graduates leading to 


ATTENTION SCIENTISTS 
AND RESEARCHERS 


Posters are now being accepted for 
BIO/TECHNOLOGY's premier conference 


LOOKS TO THE NEXT DECADE 


January 20-22, 1986, Clarion Hotel, 
New Orleans 


You are invited to submit abstracts of work with 
commercial implications to: 


Research Editor 


BIO/TECHNOLOGY Conference 
65 Bleecker Street, New York, NY 10012 


Ideas suitable for support from corporate or venture 
funding are particularly welcome. 


Conference Themes: 


Day 1: The Molecular Biology of Plants & Animals 
Day 2: Commercial Production Processes 
Day 3: Innovations in Pharmaceuticals & Immunology 


UNIVERSITY OF 
LIVERPOOL 


OCEANOGRAPHY DEPARTMENT 
POSTGRADUATE 
DIPLOMA IN MARINE 
POLLUTION CHEMISTRY 


This six month course is designed to 
provide scientists having a chemical 
background with tratning in Marine 
Chemistry, Marine Pollution Chem- 
istry and Analytical Chemistry 
applied to marine problems. 


Participants will gain a working 
knowledge of estuarine, coastal and 
marine pollution with particular re- 
spect to the identification, monitor- 
ing and control of individual 
pollutants. 


The course has a strong emphasis 
on practical work in the laboratory. 
The course is open to applicants of 
all nationalities and some NERC 
funding may be available for suitable 
British candidates. 


The next course starts in January 
986 


Further information and applica 

on forms may be obtained from Dr 

R Preston (MPC), Oceanography 

epartment, Liverpool University, 
© Box 147, Liverpool, L69 3BX. 
(6952)C 





Please mention 

















UNIVERSITY OF 
ABERDEEN 


DEPARTMENTS OF 
THERAPEUTICS AND CLINICAL 
PHARMACOLOGY AND 
PHARMACOLOGY 


MSc STUDENTSHIP 


There are several studentships avail- 
able for the MSc Clinical Pharma- 
cology course. This course consists 
of lectures and practical work in 
addition to an original research pro- 
ject and is designed for graduates 
with appropriate qualifications in 
Pharmacology, Pharmacy, Віо- 
chemistry, Medicine or a related 
subject who wish to work in this 
field. 


There are also three research stu- 
dentships, initially for one year, to 
investigate: 


1) cryopreservation of human 
hepatocytes for drug toxicity studies. 


2) mechanisms of drug induced 
toxicity using isolated proximal 
tubular cells. 


3) polyamme metabolism іп 
human breast cancer cells. 


Further details may be obtained 
from Dr G M Hawksworth, Depart- 
ment of Therapeutics and Clinical 
Pharmacology, University Medical 
Buildings, Foresthill, Aberdeen, 
AB9 2ZD, (0224 681818 Ext: 2463) 
to whom application, including the 
names and addresses of two aca- 
demic referees, should be sent as 
soon as possible. (6941)C 





the award of: 


DIPLOMA IN 
ENDOCRINOLOGY 


This is a one academic year, full-time intensive laboratory-based 
training course open to those with a medical, veterinary or scien- 
tific qualification who wish to develop skills in modern endocrin- 
ological investigative methods. The selected applicants will 
undertake a series of research projects broadly based on the 
investigation of regulatory peptide endocrinology. Award of the 
Diploma will depend on the successful completion of an examin- 
ation or by thesis. 


Candidates may register for one of two recognised schemes of 
study: 


Diploma in Endocrinology (Pathology) 


Application for entry is open to graduates who have some train- 
ing in histopathology. The selected applicants should preferably 
have experience in fight or electron microscopical morphology. 
Supervisor: Professor Julia M. Polak (Endocrine Pathology). 


Diploma in Endocrinology (Biochemistry) 


Application is open for clinicians or science graudates with an 
endocrinology background. Applicants should, if possible, have 
some experience of laboratory techniques Supervisor: 
Professor S.R. Bloom (Endocrinology). 


Further details and application forms may be obtained by writing 


to: 
The School Office, 
Royal Postgraduate Medical School, 
Hammersmith Hospital, 
Du Cane Road, London W12 0HS. 


Completed application forms must be received before 31st July 
1985 for registration on the 1985/1986 Diploma course. (6939)C 


ADVANCED COURSE IN FLOW CYTOMETRY: 
ANALYSIS AND FLOURESCENCE ACTIVATED 
CELL SORTING 
Paris, September 9-14, 1985 


Sponsored by: The Cancer Research Association (ARC) — Jaques 
Crozemarie, President, and the "Centre Technique pour le soutien de la 
Recherche sur le Cancer des Laboratories et Formations du Centre 
National pour la Recherche Scientifique” (C.N.R.S.) 
A Course in Flow Cytometry will be offered wtth special emphasis on cell 
biology. Themes will include Multiparameter cell sorting, cell lineage 
studies, tumor cells characterization, gene amplification selectton, cloning 
of genes by transfection, somatic cell genetics, hybridoma variant selec- 
tion, liposome endocytosis, cell cycle analysis. Brd U and cytokinetic 
studies, mathematical raodeling of the cell cycle, computer system for 
multiparameter data analysis, cytochemistry and new fluorochromes, 
karyotype analysts, pumped dye lasers, emission anisotropy. 
The Course will consist of lectures, laboratory demonstrations and 
problem solving sessions 
Course Directors: Harry Crissman (Los Alamos National Laboratories), 
Claude Rosenfeld (INSERM, Villejuif, France) 
Organizers: L.A. Herzenberg (Stanford University, USA), P. Le Bouteiller 
(Centre dimmunolog:e de Marseille-Luminy, France), Z. Mishal (C N.R.S., 
Vilejuif, France), M. Monsigny (Centre de biophysique moléculare, 
Orleans, France), J.L, Roti-Roti (Washington University of St. Lours, USA). 
Lecturers will include the above plus: B. Bagwell, S. Cram, Z. 
Darzienkiewicz, P. Dean, M. Goldberg, J. Gray, P. Horan, C Julien, M. 
Loken, P. Manoni, Н S Micklem, K. Muirhead, D.R. Parks, A. Truneh. 
Course tuition: $500 (5 000 FF) includes laboratory fees, manual, coffee 
breaks, lunches and an optional Flow Cytometry Certificate. 
Send C V. and tuition deposit $50 (500 FF) to the focal Course Director 
{max 50 persons). >” dd 

Dr. Claude Rosenfeld, 

INSERM Unite 253, 

Groupe Hospitalier Paul Brousse, 

16 bis avenue Paul Vaillant Couturier, 

94804 Villejuif, France. 
Application deadline Juna 30 1985, priority given to early applicants 

(w1919)C 
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